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[Assoc.  lituT) 

1902  Avesson,  Rudolf.      L7c,  Fabrikstrasse,  Reval,  Estonia,  Russia.     .Mining  Engineer. 

[904      Bacon,  Arthur  Drax.       Randfontein  Central  CM.  Co.,  Ltd.,  Randfontein.      Mine  Manager. 
L895     Bagshaw,     J.     P.,     B.Sc.     (Edin.).      Magnesite    Mines    of    S.    A.,    Ltd.,    Malelane,    Transvaal. 

Chemical  Engineer  and  Manager. 
1899     Banks,  Edwin  dripper,  M.I.M.M.,  M.Am.I.M.E.  (Corresponding  Member  of  Council).     Waihi  Gi 

M.  Co.,  Ltd..  I'.  O.  Box  4,  Waihi,   Auckland,   New  Zaaland.     Metallurgist. 

1909  Barclay,  George  Moore.      Knights  Deep,  Ltd,  P.  O.  Box  143,  Germiston.      Mining  Engineer. 
litis      Barratt,  Rowland  Lorraine.      Bushtick  Mine,  per  private  bag,  Bulawayo.     Assayer  and  Surveyor. 
L898      Barrett,  Percy.      Van  Ryn  G.  M.  Estate,  Ltd.,  P.  O.  Box  22,  Benoni.     Cyanide  Manager. 

(Assoc.  1898) 

1896     Barrie,  D.  McLaurin.     New   Primrose   G.  M.    Co.,   Ltd.,    P.  O.    Box    193,  Germiston.     Technical 

Chemist  &  Cyanide  Manager. 
L903      Barron,    William    Ernest.      Van    Ryn    Gold    Mine   Estates,    Ltd.,    P.    ( ).    Box   22,  Benoni.      Mine 

Survey  or. 
1905      Bartlett,  Sydney  Gordon,  Stud.LM.M.      York  G.  M.  Syndicate,  Ltd.,  P.  O.  Box  54,  Krugersdorp. 

Mine  Captain. 
L903     Bateman,  Edward  Latrobe.    Allis-Chalmers  Co.,  Ltd.,  P.  O.  Box  6659,  Johannesburg.    Mechanical 

Engineer. 
L897      Baumann,  Max,  M.E.     Elandshoogte  Mine,  P.  O.  Alkmaar.     Mining  Engineer. 
1905     Bawden,  Ernest  Robson.      Poldice  House,  St.  Day,  Scorrier,  Cornwall.     Miner. 
1908     Bawden,  Frederick  Alexander,  A.I.M.M.      Knights  Deep,  Ltd.,  P.  O.  Box  143,  Germiston.     Min- 
(Assoc.  19(13)  ing  Engineer. 

1903  Bay,  Bernhard,  Ph.D.     P.  O.  Box  5513,  Johannesburg.     Chemist. 

1904  Bayldon,    Harold  Cresswell,  M.l.M.M.     c/o  Troitzk  Goldfields,  Ltd.,  20  Copthall  Avenue,  London, 

E.< '.     Mine  Mana  - 

1905  Bayley,  Reginald  Francis  Gordon,  A.R.S.M  ,  A.I.M.M.     MM.,  Redjang  Lebong,   Lebong  Donok, 

Benkoelen,  Sumatra,  Dutch  East  Indies.     Cyanider. 
L905     Beaton,  Samuel.      P.  O.  Box  6202,  Johannesburg.     Mine  Manager. 

1908     Beatty,  George  Hewitt.     Cinderella  Deep,  Ltd.,  P.O.  Box  75,  Boksburg.     Mine  Surveyor. 
1903      Beatty,  John  William  Scott.     Village  Deep,  Ltd.,  P.  O.  Box  11  t5,  Johannesburg.     Mine  Sampler. 
L903     Beaver,  William,  A  I.  WW      Easl  Land  Proprietary  Mines,  Ltd.,  P.  O.  Rox  66,  East  Land.     Mill 

Manager 
1902     Behr,  Hans  Charles,  M.I.M.M.,  Wl  Mech  I       Consolidated  Goldfields  of  South  Africa,  Ltd.,  P.  C\ 

Box  1167,  Johannesburg.     Consulting  Mechanical  Engineer. 
L9  16      Bell,   11.  D.      York  G.   M.  Syndicate,   Ltd.,   P.  G.  Box  54,   Krugersdorp.      Assayei . 
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1908  Bennett,  Randolph  White.      Ferreira  G.  M.  Co.,  Ltd.,  P.O.  Box   L021,  Johannesburg     Assa 

1904     Bennett,  William  Frederick.     New  Rietfon  ein  Estates,  Ltd.,  P.  Q.  Rietfontein  Mines.     Shift  Boss 

1904     Bentley,  Alfred   Mulock.      Becliuanaland    Exploration  Co.,  Ltd.,    Broken    Hill.    X.    W.   Rhodesia. 
Resident  Secretary. 

190!)     Bentley,  Frederick  William.     Robinson  Deep  G.  M.  Co.,    Ltd.,    P.   O.    Box    1648,   Johannesburg. 

Electrical  Engineer. 

1902  Betty,   William   Kemmis,    M.LM.M.     Messrs.  H.  Eckstein  &  Co.,  P.  O.  Box 149,  Johannesburg. 

Assistant  Consulting  Metallurgist. 

1894     Bevington,   Richard  George,    M.I. M. M.,  M.Am.I.M.E.  (Past  President).     Village  Main  Reef  G. 
M.  Co.,    Ltd.,    P.    O.  Box  L091,  Johannesburg.     Metallurgist  and  Mill  Manager. 

1909  Bisset,  Arthur  Charles.      Ka.-t  Rand  Proprietary  Mines,  Ltd.,  P.  O.  Box  65,  East  Rand.     Surveyor. 

1903  Black,  James.      Bucks  Reef  Mine,  per  private  bag,  Colleen  liawn  Siding,  Rhodesia.      Manager. 

1904  Blackie,  John      Bwana  M'kubwa  Mine,  Xdola,  X.  W.  Rhodesia.     Chemist  and  Metallurgist. 

1903  Blackmore,  James  Gairdner,  AS.A.S.M.     tillage  Main  Reef  G.   M.  Co.,   Ltd.,    P.O.   Box  1091, 

Johannesburg.      Metallurgical  Chemist  and  Assayer. 

1904  Blackwell,  Charles      Consolidated  Langlaagte  Mines,  Ltd..  P.  O.  Box  15,  Langlaagte.     Mechani- 

cal Engineer. 

1908     Blaeser,  Cornelius  Alidus.     Assistant  Assayer.     (Address  wanted.) 

1907  Blaine,  Gilbert  Rodney.     Kokstad,  C.C.     Mining  Engineer. 

1908  Blau,  Max.      Mijhbouw  Maatschappij   Siman,    Lebong   Tandai,    via    Benkoelen,    Sumatra,    Dutch 

East  Indies.      Mining  Engineer. 

1902  Bleloch,  William  Edwin.     P.O.    Box  3692,   Johannesburg.     Mining  Company  Manager. 

1908  Blewett,  Edward.      West  Nicholson,  Rhodesia.     Chemist  and  Cyanide  Operator. 
(Assoc.  L906) 

1903  Blume,  Eugen  E.  A.,  A .I.M.M.     P.  O    Box  908,  Johannesburg.     Metallurgist. 

1905  Blundun,  Basil  Vivian.     Village   Main    Reef  G.  M.   Co.,  Ltd.,    P.   O.    Box    1091,  Johannesburg. 

Amalgamator. 

1905  Boer,  Ernest  Charles.    Maluti  Reef,  near  Colleen  Bawn,  Gwanda,  Rhodesia.     Mechanical  Engineer. 

L908     Boright,  Sherman  II.     Great  Eastern  Collieries,  Ltd.,  P.  O.  Box  5,  Springs.      Mining  Engineer. 

1902      Bosqui,    Francis    L.     Messrs.    II.    Eckstein  &  Co.,  P.  O.  Box  149,  Johannesburg.     Metallurgical 
Engineer. 

L909     Bowen,  II.  <).     Robinson  G.  M.  Co.,  Ltd.,  P  O.  Box  L024,  Johannesburg.     Mining  Engineer. 

1909  Bowness,    Arthur   James.       Ferreira    Deep    Ltd.,    I'.    < ).    Box   5'.)77,  Johannesburg.       Cyanide 

Foreman. 

1906  Boyd,  Alex.     Geduld  Proprietary  Mines,  Ltd.,  P.  O.  Box  II.  Springs.     Cyanide   Foreman. 

1898     Brakhan,  Amandus      P.   < ).  Box  L 156,  Johannesburg.    Managing  Director,  Ad.  Goerz  &  Co.,  Ltd. 
L906     Brett,  Benry  Tyndall.     I'.  ().  I5ox  135,  Bulawayo.     Mining  Engineer  and  Metallurgist. 

L905     Bristol,  Frerick  Amof.,  B.A.     Consolidated   Goldfields  of  S.  A.,  Ltd.,  P.O.  Box  1167,  Johannes 

burg.      Mining  Engineer. 

L903     Bristol,  John  James,  B.Sc.     Reno,  Nevado,  I'.S.A.     Mine  Sampler. 
1902     Brooks,  Edwin.    Golden  Valley,  Gatooma,  Rhodesia.     Assayer. 

1902     Broom,  William.     P.O.  Box  890,  Johannesburg.     Analytical  Chemist  and  Assayer. 
(Assoc.  ls'.iT) 

1905     Brown,  George  Duncan.     French  Bobs  Mine,  Louw's  Creek,  Barber  ton.     Mine  Manager. 

I'.njl      Brown,  James       French  Hand  G.  M.  Co.,  Ltd.,  P.  O.  Box  25,  Luipaardsvlei.     Mill  Manager. 

1904  Brown,  Dr.  Johnstone.     P.  O.  Box  94,  Jeppestown.     Medical  Practitioner. 

r.ioi     Browne,  Ernest.     Barrett  G.  M    Co.,  Ltd.,  Kaapsche  Boop,  Transvaal.     Cyanide  Manag 
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1908  Browning,  Edward.     Robinson  G.  M.  Co.,  Ltd.,  P.  O.  Box  1024,  Johannesburg.     Mining  Engineer. 

1905  Brunton,  Walter  George.       Premier  Diamond  Mining  Co.,   Ltd.,   P.   O.  Box  43,    Premier   Mine. 

Manager,  Sorting  Dept. 
1898     Brunton,  Walter  O.     Jumpers  Deep,  Ltd.,  P.  O.  Box  1,  Cleveland.     Cyanide  Manager. 
1902     Bruun,  Andreas  Frederic.     Standard  Bank  of  South  Africa,  Ltd.,    P.  O.  Box  1031,  Johannesburg. 

Assayer. 
1898     Burnett,  Digby  V.,  M.I.M.M.     Piggs  Peak  Development  Co.,   Ltd.,  Swazieland,   via  Barberton. 

General  Manager. 

1902  Burnett,   George  Lindsay,   A.I.M.M.     Wolhuter  G.   M.,   Ltd.,   P.   O.  Box  1160,  Johannesburg. 

( iyanide  Manager. 

1909  Busch,  (iustave  Edgar,  M.I.M.M.  New  Lisbon  Berlyn,  Limited,  Pilgrims  Rest.  Mining  Engineer. 

190G     Butler,   Joseph  John.      May    Consolidated  G.  M.  Co.,    Ltd.,    P.    O.    Box  50,  Germiston.     Chief 

Assayer. 
1909     Butler,  William  Mahony.     Simmer  Deep,  Ltd.,  P.  O.  Box  50,  Germiston.     Cyanider. 

1894  Butters,  Charles,  B.Ph.,.  M.I.M.M.,  A.M.I.C.E.,  M.Am.I.M.E.,  M.I.M.E  (Past-Preside  „t ). 
333,  Kearney  Street,  San  Francisco,  California,  U.S.A.  (Private  address.  Rose  Lawn, 
Berkeley,  California). 

1909     Buuren,  William  van.     Crown  Mines,  Ltd.,  P.  O.  Box  102,  Fordsburg.     Mill  Foreman. 

1906  Byerley,  Benjamin  George.    Bulawayo  Club,  Bulawayo.     Mining  Engineer. 

1894  Caldecott,   William  Arthur.  B.A.,  F.C.S.,  M.I.M.M.,  M.Am.I.M;E.  (Past-President).     Consoli- 

dated  Goldfields  of  South  Africa,  P.  O.  Box  67,  Johannesburg.     Consulting  Metallurgist. 

1908  Calder,  William  Lawrence,  Abercorn  Banket   G.   M.    Co.,    Ltd.,   Shamva,    S.  Rhodesia.     Mining 

Engineer. 

1903  Cameron,   William   McCallum,   B.Sc,   E.M.,   M.Am.I.M.E!     Messrs.  A.  Goerz  &  Co.,  Ltd.,  P.  O. 

Box  1156,  Johannesburg.     Consulting  Mining  Engineer. 

1906     Cannon.  Arthur  Beaufoy,  A.I.M.M.     Barberton.     Cyanide  and  Battery  Manager. 

1909  Cantor,  Bertie  Charles  Moxon.      Blanket  Mine,  Gwancla,  South  Rhodesia.     Mining  Engineer. 
1909     Caris,  Sydney.      Ferreira  Deep,  Ltd.,  P.  O.  Box  5977,  Johannesburg.     Cyanider. 

1908     Carr,  William.     Salisbury  and  Jubilee  Mines,  P.  O.  Box  1122,  Johannesburg.     Mine  Manager. 

1895  Carrick,  J.  T.,  Ph.D.,  M.I.M.M.     Consulting  Geologist, 

1902  Carruthers,  James  Thomas.      1)70,  High  Street,  Brixton,  Johannesburg.     Cyanider. 

1903  Carter,    Benjamin    Palmer,    E.M.      Ferreira   G.    M.  Co.,    Ltd.,   P.    O.    Box    1021,  Johannesburg. 
(Assoc.  L898)  Mine  Manager. 

1898     Carter,  George      Nourse  Mines,  Ltd.,  P.  O.  Box  32,  Denver.     Mining  Engineer  and  Surveyor. 

1898  Carter,  Thomas  Lane,  A.I.M.M.  (Corresponding  Member  of  Council).     Hammond,   Louisiana, 
(Assoc.  1897)  U.S.A.      Mining  Engineer. 

L903  Catlin,  Robert  Mayo,  B.Sc.,  E.M.,  C.E.,  M.I.M.M.  New  Jersey  Zinc  Co., Franklin  Furnace,  New 
Jersey,  U.S.A.     .Mining  Engineer. 

1899  Cazalet,    Pony.     Nourse   Mines,    Limited,   P.O.  Box   32,  Denver.       Mining  Engineer  and  Mine 

Manager. 

1908  Cellier,  Jacobus  Stephanus,  M.E.     Nigel  Deep,  Ltd.,  P.  O.  Box  50,  Nigel.     Mining  Engineer  and 

Government  Land  Surveyor. 

1896  Chambers,  Arthur  Leo.  I-Y1I.C.L,  M.I.M.M.     Subeni  Coppers  (Natal),  Subeni  P.  O.,  via  Vryheid. 

Mining  Engineer  and  General  Manager. 

1909  Chandler,   Walter   Mark.     Messrs.   II.   Eckstein   &  Co.,  P.  O.  Box  149,  Johannesburg.     Mining 

ngineer. 

1905  Chaplin,  F.  D.  P.,  M.L.A.  Consolidated  Goldfields  of  South  Africa,  Ltd.,  P.  O.  Box  67,  Johan- 
nesburg.    Joint  Manager. 


List  of  Members, 


Yeai-  of 
Election. 

1906  Chapman,  Frederick  Thomas.     Witwatersrand  Deep,  Ltd.,  P.  O.  Box  5,  Knights.     Assayer. 
1904     Chew,  Beverley.    Moodies  Fortuna  G.  M.  Co.,  Ltd.,  P.  O.  Box  124,  Farberton.    Tributor. 

1904  Chew,  Robert  Withers,      c/o  African  Banking  Corporation,  Ltd.,  London,  E.C.     Mill  Manager. 

1909     Chilton,  James.     Village  Main  Reef  G.  M.  Co.,  Ltd.,  P.  O.  Box  1091,  Johannesburg.     Miner. 
(Assoc.  1905) 

1905  Christopherson,  Douglas.    Consolidated  Goldfields  of  South  Africa,  Ltd.,  P.O.  Box  07,  Johannes- 

burg.    Assistant  Joint  Manager. 

1902  Christopherson,  Evelyn  Herbert.     West  Rand  Consolidated  Mines,  Ltd.,  P.  O.  Box   38,    Krugers- 

dorp.     Mining  Engineer. 

1903  Cindel,  Frederick  Walter.     Crown  Mines,  Ltd.,   P.  O.  Box    1124,  Johannesburg.     Mill  Foreman. 

1903  Clarkson,  Ralph,  New  Rietfontein  Estate  G.  M.  Ltd.,  P.  O.  Rietfontein  Mines.     Mine  Manager. 

1902  Claudet,   Arthur  Crozier,  A.RSM,  F.I.C.,   M.I.M.M.    6  and   7,  Coleman  Street,  London,  E.C. 

Assayer. 

1907  Coaton,  Arthur  Allen.     Crown  Mines,  Ltd.,  P.  O.  Box  102,  Fordsburg.     Sampler. 

1908  Coats,  Joseph.     Witwatersrand  G.  M.  Co.,  Ltd.,  P.  O.  Box  1,  Knights.     Chief  Sampler. 

1904  Cobbett,  William  Geoffrey  Pitt.     Rand  Mines,  Ltd.,  P.  O.  Box  1056,  Johannesburg.     Surveyor. 

1908  Cockburn,  Paul  Alexander.     Gaika  Mine,  Queque,  Rhodesia.     Mine  Manager. 

1904  Cohen,  Lionel,  F.B.G.S.     P.  O.  Box  2945,  Johannesburg.     Stockbroker  and  Director  of  Mining 

Companies. 

1909  Coll,  Daniel.     Jumpers  G.  M.  Co.,  Ltd.,  Cleveland.     Cyanider. 

1903  Collings,    Burton    Ireland,    A.I.M.M.       15    Harvard   Court,   West    Hampstead,    London,    N.W., 

England.     Mining  Engineer. 

1902  Colquhoun,  Ludovic.     B.S.A.  Explosives. Co.,  Ltd.,  Dynamite  Factory,  Modderfontein.     Chemist. 

1908  Colvile,  Cecil  Augustus  Bradshaw.     P.  O.  Box  158,  Salisbury,  Rhodesia.     Mining  Engineer. 

1905  Cooke,  Reginald  Cyril  Herbert,  A.I.M.M.      17,   St.  Edmund's   Terrace,    Regent's  Park,   London, 

N.W.     Metallurgical  Chemist. 
1905     Coombe,  Martin  Henry.     Consolidated  Langlaagte  Mines,  Ltd.,  P.  O.  Box  15,  Langlaagte.      Mine 
Manager. 

1909  Corder,  Cecil  Arthur.      East  Rand  Proprietary  Mines,  Ltd,  P.   O.   Box  152,  East  Hand.      Mining 

Engineer. 

1903  Corstorphine,    George    Steuart,  Ph.D.,  F.G.S.     National  Bank  Buildings,  Shnmonds  Street,  P.  ( ). 

Box  1758,  Johannesburg.     Consulting  Ccologist. 

1904  Cotter,  Arthur  John.    General  Mining  and  Finance  Corporation,  Ltd.,  P.  O.  Box  1242,  Johannes- 

burg.    Mine  Auditor. 

1908     Coulter,  William  McCarrison.     Geldenhuis  Deep,  Ltd.,  P.  O.  Box  54,  Cleveland.     Cyanide  Fore- 
man. 

1904     Crank,  Albert  Filmore,   M.E.     334  Pacific   Electric   Building,   Los  Angeles,  California,   U.S.A. 
Mechanical  Engineer. 

1908  Creed,   John  Percy.     Village  Main  Reef  (!.    M.   Co.,  Ltd.,    157a,   Church  Street,    Turffontein. 

Cyanider. 

1898     Creswell,  F.  H.  1'.,  A.K.X.M.,  A.I.M.M.     P.  O.  Bos  6499,  Johannesburg.     Mining  Engineer. 

1904     Croghan,   Edward  Henry  (Member  <;/'  Council),  The  Laboratory,  Simmonds  Street.  1'.  O.  Box 
(Assoc.  1903)          2187,  Johannesburg.     Analytical  Chemist. 

1909  Cropper,  Cecil  Howe,  B.E.  (Sydney),  A.I.M.M.     Village  Deep,  Ltd.,  P.  O.  Box  L145,  Johannes- 

burg.    Mining  Engineer. 

1894     Ciiosse,  Andrew  Frederick,  M.I.M.M.  (Pas/President).     P.  O.  Box   598,   Johannesburg.     Con- 
sulting Chemist  and  Metallurgist. 
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1908     Cullen,    Matthew    M.I.M.E     (Membtr    of  Council).    Clydesdale     Colliery,    Springs.       Colliery 

Manager. 
1902     Cullen,    William    (Past-President),    British    Smith     African     Explosives    Co.,    Ltd.,    Dynamite 

Factory,  Modderfontein.     Chemist  and  General  Works  Manager. 

1908     Cumings,  Charles  Ernest  George.     P.  0.  Box  305,  Bulawayo.     Engineer. 
1907     Cunnack,  James  T.     (Address  wanted.)     Assayer. 

1907  Cunningham,  William,    c/o   Bechuanaland  Trading  Co.,   Salisbury,   Rhodesia.     Representative, 

Nobel's  Explosives  Co.,  Ltd. 

1908  Curnow,  Robert.     Nigel  G.  M.  Co.,  Ltd.,  P.  O.  Box  20,  Nigel.     General  Manager. 

1891     Curtis,    J.   S.     Natal    Buildings,    Commissioner  Street,    P.   O.   Box   73,    Johannesburg.     Mining 
Engineer. 

1909  Cusworth,  William  Henry.     New  Lisbon  Berlyn,  Ltd.,  Pilgrims  Rest.     Construction  Works  Fore- 

man. 


L904      Dalrymple,    Hon.  William,    M.L.C.       Anglo-French    Exploration    Co.,    Ltd,    P.    O.    Box    2927, 

Johannesburg.      Director  of  Companies. 
1909     Daniel,  James.     Consolidated  Langlaagte  Mines,  Ltd.,  P.  O.  Box  15,  Langlaagte.     Surveyor. 
189-1     Darling,  George  A.,  M.T.M.M.     P.  O.  Box  3720,  Johannesburg.     Chemist  and  Cyanide  Manager. 

1908  Darrow,  Wilton  Elmore.     Sutter  Creek,  Amador  County,  California,  U.S.A.      Gold  Metallurgist. 

1906     Davies,  Edward.     Yankee  Doodle  G.  M.  Co.,  Selukwe,  Rhodesia.     Surveyor  and  Assayer. 

1906     Davis,  Carl  Raymond,  E.M.,  A.I.M.E.      Lancaster  G.  M.  Co.,  Ltd.,  P.  O.  Box  317,  Krugersdorp. 
General  Manager. 

L906      Dawbarn,  Oscar  S.,   A.l.M.M.      Sungei    Besi    Mines,  Kuala  Lumpur,  Federal  Malay  States.     Ex- 
perimental Chemist. 

1904     Dawe,  William  Henry.     Messrs.  S.  Neumann  &  Co.,  P.  O.  Box  485,  Johannesburg.     Manager. 

1904  Dinwoodie,  James  Herbert,  F.C.S.      71,  Bree  Street,    P.   O.   Box   466,   Johannesburg.     Pharma- 

ceutical Chemist. 

1902  Dixon,  Clement,   M.I.M.M.,    M.Aus.I  M.E.     General  Manager,  Anglo-French  Matabeleland  Co., 

Ltd.,  I'.  ( ).  Box  305,  I'.ulaw.yo,  Rhodesia.     Consulting  Mining   Engineer,  and   Represen 
tative,  Messrs.  Farrar  Bros. 

1909  Dodd,    Herbert.      City    and    Suburban    G.    M.  Co ,    Ltd.,  P.  ().  Box  1026,  Johannesburg.      Mine 

( laptain. 

1903  Dodds,  .lames  Bowmaker  Kerr,   M.l  M.M.      P.  < '.  Box  922,  Johannesburg.     Mill  Manager. 

1909     Donaldson,  Thomas.     B.S.A.  Explosives  Co.,  Ltd.,  Dynamite  Factory,  Modderfontein.     Technical 
( Ihemist. 

1898     Douglas,  Roberl  Stuart.     Consolidated  Main  Beef  Mines  and  Estates,  Ltd.,   P.  <).  Box   2,  Marais- 
burg.     Assayer. 

1905  Douglass,  Ross    Earle,  A  i.M.M.     2330    La   Mirada  Avenue,  Los  Angeles,  Cal.,  U.S.A.     Mining 

Engineer. 

L908     Dowdle,  Phillip  John.      East  Hand  Proprietary  Mines,  Ltd.,  P.  O.  Box  80,  East  Band.     Cyanide 
Foreman. 

1894     Dowling,    Walford    Robert   (Vice-Pren^nt).     Knights   Deep,  Ltd.,    P.   O.  Box  143,  Germiston. 
Reduction  Works  .Manager. 

1909     Dowsett,  Rowland  Bertram.     New   Goch  G.  M.,  Ltd.,  P.  O.  Box   1096,  Johannesburg.     Cyanide 
Manager. 

1909     Doyle,  Michael  Joseph.     Ferreira  Deep,  Ltd.,  P.  < ).  Box  5977,  Johannesburg.     Cyanider. 

1897      Drake,  Francis,  M.I.M.M..  M  Am.  1.  M.L.     310.  Kohl  Buildings,  San  Francisco,  California.  1\S  A. 
Consulting  Mining  Engineer 


List  of  Members. 


Year  of 
Klertion. 

1897     Drought,  James  J.,  F.C.S  ,  A.I.M.M.,  F.R.C.I.    Mt.  Landiani  Estate,  Molo,  via  Mombassa,  British 
East  Africa. 

1907  Dunning,  Frank  George.     Knights  Deep,  Ltd.,  P.  O.  Box  143,  Gerrniston.      Mining  Engineer. 

1896  Durant,  Henry  Thomas,   F.C.S,    M.I.M.M.,    M.Am.I.M.E.      Consulting  Metallurgist.     {Address 

wanted?) 

1897  Dures,  Robert.     Wanderer  G.  M.  Co..  Ltd.,  Selukwe,   Rhodesia.     Assayer. 

1908  Dyer,  Sidney  Charles,  A.l.M.M.     P.  O.  Box  19,  Bulawayo,  Rhodesia.     Mining  Engineer. 
1896     Dykes,  James,  Jr.      11  Royal  Exchange  Square,  Glasgow.     Mine  Surveyor  and  Assayer. 

1903  Eaton,  James  Murdoch,  A.I.M.M.,  M.Aust.T.M.E.     Etna  G.  M.  Co.,  Hartley,  Rhodesia.     Manager. 

1908  Edwards,  Albert  Llewellyn.     P.  O.  Box  727,  Johannesburg.     Assayer  and  Cyanide  Manager. 
(Assoc.  1903) 

1904  Edwards,  Peter  Livingstone.     Rose  Deep,  Ltd.,  P.  O.  Box  6,  Gerrniston.     Mine  Secretary. 

1903     Eisenstaedter,  John  Ernest.      New  Transvaal  Chemical  Co.,  Ltd.,  Delmore.     Metallurgist. 

1903     Elmore,  Frank  Edward,  M.I.M.M.,  A.M.I.E.E.     72,  Gloucester  Terrace,  Hyde  Park,  London,  W. 
Electro-Metallurgist. 

1905  Elphinstone,   Edmund.      Transvaal   Gold   Mining  Estates,   Ltd.,  P.  O.    Box   42,    Pilgrims   Rest. 

Assayer. 

1898  Erskine,  James  Kerr,  F.C.S.      New  Kleinfontein   Co.,  Ltd.,  P.    O.    Box  88,  Benoni.       Analytical 

Chemist  and  Assayer. 

1906  Evans,  Alan  Davies,  M.I.M.M.      Highmead,  Llanybyther,  South  Wales.      Mining  Engineer. 

1907  Evans,  A.  Winter.     City  Deep,  Ltd.,  P.  ().  Box  5492,  Johannesburg.     Assistant  Surveyor. 

1905     Evans,  George  Stephen,  A.l  M.M.    c/o  J.  Harris,  Alma  Cottage,  West  Horsley,  near  Leatherhead 
Surrey.      Mine  Manager. 

1898     Evans,  Lewis,  A.l.M.M.     Rand  Club,  P.  ( ).  Box  1032,  Johannesburg.     Mining  Engineer. 

1907  Evans,  Thomas.      Knights  Deep,  Ltd,  P.  O.  Box  143,  Gerrniston.      Assayer. 
(Assoc.  1004) 

1905     Evans,  William  M.     Clonlara,  Harrietville,  Victoria,  Australia.      Mining  Contractor. 

1894  Feli.tmanx,   W.    lb,    M.I.M.M.,    M.Am  I.M.E.   {Past-President).    132,  Salisbury  House,  London 

Wall,  London,  E.C.     Consulting  Mining  Engineer  and  Metallurgist. 

1909  Ferguson,  James  Frederick.      P.  O.  Box  2309,  Johannesburg.      Metallurgist. 

1903     Fergusson,  James.      "The  Cedars,"  High  Wycombe,  Bucks,  England.      Director  of  Companies. 

1903     Fergusson,  Malcolm.      P.  O.  Box  164,  Gerrniston.     Deputy  Inspector  of  Mines. 

1909     Ferris,  Guy  Grindley.     Ferreira  Deep,  Ltd.,  P.  O   Box  1056,  Johannesburg.     Smelter. 

1902     Ferris,  Vivian  Grindley.    Consolidated  Gold  Fields  of  S.A  ,  Ltd.,  P.  O.  Box  1167,  Johannesburg. 
Surveyor. 

1908  Filet,  Gerrit.     Redjang  Lebong,  Benkoelen,  Sumatra,  Dutch  East  Indies.     Amalgamator. 

1907  Fitch,  Frank,    c/o  Ironton  School,  Denver,  Colorado,  U.S.A.     Cyanide  Superintendent. 

1902     Fisher,  Joseph  Simpson.     Office  of   Inspector  of  Mines,  P.  O.  Box  164,  Gerrniston.      [nspector  of 
Mines. 

1898     Fleischer,  Spencer  Charles  William.     Van  Ryn  G.  M.   Estate,    Ltd.,  P.  O.  Box  22,  Benoni.     Mill 
Manager. 

1895  Fleming,  John,  M.  A.     Norman  House,  Florida.     Consulting  Mining  Engineer. 

1908  Foran,  John  Henry.      M.M.  Redjang  Lebong,  Lebong  Donok,  Benkoelen,   Sumatra,    Dutch    Easl 
(Assoc.  1907)        Indies.     Assayer. 

1909  Ford,  F.  C.     P.  O.,  Langlaagte.     Cyanider. 

1907     Ford,  Milverton,  Aurora  West  United  Q.  M.  Co.,  P.  O.  Box  26,  Maraisburg.     MiniDg  Engineer, 
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1904     Fonl,    Stanley    H.,    A.R.S.M.,  M.I.M.M.,    M.I.M.E.      5   Osborne  Terrace,   Ashley   Down  Road, 

Bristol,  England.     Mining  Engineer. 
L909     Fox,  George  C.    Messrs.  Lewis  &  Marks,  P.  O.  Box  2567,  Johannesburg.     Consulting  Mechanical 

Engineer. 
1898     Fraser,  Archibald.     French  Rand  G.  M.  Co.,  Ltd.,  P.  O.  Box  25,  Luipaardsvlei.     Assiiyer. 
1906     Frerichs,  Jacob  A.     Messrs.   H.   Eckstein  &  Co.,   P.   O.  Box  149,  Johannesburg.     Mechanical 

Engineer. 
1903     Frey,  Frederick  Charles,  B.Sc.     Simmer  Deep,  Ltd.,  P.  O.  Box  178,  Germiston      Mine  Manager. 

1908  Furner,  Edward  Arthur.      Crown  Mines  Ltd.,  P.  O.  Box   1145,   Johannesburg.      Mill  Manager. 

1903     Galbreath,   Neil    Macphail,   A.I.M.M.      20,    Union    Street,    Greenock,    Scotland.       Metallurgical 

Chemist  and  Cyanider. 
1903     Gardiner,  Cecil  Trevor.    Cinderella  Deep,  Ltd,  P.  O.  Box  75,  Boksburg.     Assayer. 

1894  Gamy,  Fritz,  Ph.D.    Lancaster  West  G.  M.  Co.,  P.  O.  Box  360,  Krugersdorp.     Cyanide  Manager 

and  Assayer. 

1906  Garthwaite,  Edwin  Hatfield,  M.l.M.M  ,  M.Am.I.M.E.  Oakland  Bank  of  Savings,  Oakland,  Cali- 
fornia, U.S.A.     Consulting  Mining  Engineer. 

L894      Caze,  James.     P.  O.  Box  3788,  Johannesburg.      Cyanide  Manager. 

L902  Gazzam,  Joseph  P.,  M.l.M.M.  {Life  Member).  5027,  Westminster  Place,  St.  Louis,  Mo.,  U.S.A. 
Mining  Engineer. 

I '.»<)!     Gerlings,  H.     60,  Derby  Road,  Bertrams,  Johannesburg.     Technical  Chemist  and  Assayer. 

1906     Giblin,  Norman  Ernest,     c/o  L.  K.  Ward,  Geological  Survey,  Launceston,  Tasmania.     Assayer. 

1909  Gibson,  Arthur.    Knights  Deep,  Ltd.,  P.  O.  Box  143,  Germiston.     Smelter, 

1903  Gibson,  James  Richard.      Standard    Bank  of  South  Africa,    Ltd.,   P.   O.   Box    222,   Bulawayo, 

Rhodesia.      Chemist  and  Assayer. 

L903  Gillies,  Albert  Sydney,  Messrs.  Lennon,  Limited,  P.  O.  Box  2187,  Johannesburg.  Chemist 
and  Assayer. 

M>i>7  Gilmore,  Arthur  David.  Robinson  Deep  G.  M.  Co.,  Ltd.,  P.  O.  Box  2581,  Johannesburg. 
Cyanider. 

L908      (  Myn,  C      Glen  Deep,  Ltd  ,  P.  O.  Box  184,  Germiston.       Mine  Manager. 

L905  Goodwin,  Grantham.  West  Kind  Central  G.  M.  Co.,  Ltd.,  P.O.  Box  1,  Krugersdorp.  Mine 
Secretary. 

1906  Goodwin,  Hairy.  West  Band  Central  G.  M.  Co.,  Ltd.,  P.  O.  Box  1,  Krugersdorp.  Cyanide 
Manager. 

1904  Gordon,  William  Shirvinton.     Village  Main  Beef  G.  M.  Co.,  Ltd.,  P.  O.  Box  1091,  Johannesburg. 

Assayer. 

1906     Gosney,  Percy.     Crocodile  Reef,  Essexvale,  Bhodesia.     Mill  Manager. 

1895  Graham,  Kenneth   Lancaster,    M.l.M.M.   (Member  of  Gouncit),  Geldenhuis  Deep,   Ltd.,  P.   O. 

Box  5  I,  Cleveland.     Metallurgist  and  Cyanide  Manager. 
1909     Grammel,    Paul.      W.  Sumatra  Mijnen  Syndikat,  Fort  de  Kock,  W.  Sumatra,  Dutch  East  Indies. 
Mining  Engin 

1906  Grant,  James.     Simmer  &  Jack  Proprietary  Mines,  Limited,  P.   O.  Pox  192,  Germiston. 
[904     Gray,  James,  F.I.C.     P.O.  Box  3427,  Johannesburg.     Analytical  Chemist  and  Assayer. 

1907  Greene,  Francis  Mackenzie.      East  Gwanda  Mines,  Limited.  West  Nicholson,  Rhodesia.     General 

Manager. 

1907  Greer,  James  ( lourtm  y,  Jr.  c/o  W.  and  G.  Elliott,  Bank  of  New  Zealand  Buildings,  Auckland,  New 
Zealand.      Chemist. 

1903  Griffiths,  Andre  Pierre,  Wh.Sch.,  A. P. S.M.,  A.M. I.C.E.,  M.l.M.M.,  M.Am.I.M.E.  781/2,  Salis- 
bury House,  London,  E.G.     Mining  Engineer. 
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1903  Griffiths,  Harry  Denis,  Wh.Sch  ,  A.R.S.M.,   A.M.I.C  E.,  M.I.Mech.E.,  M.I.M.M.,   M.Am.I.M.R, 

c/o  Standard  Bank  of   S.A.,    10   Clements   Lane,  London,  E.C. '    Consulting  Mining  and 
Mechanical  Engineer. 

1905  Griffiths,  William  Price.     Transvaal  G.  M.  Estates,  Ltd.,  P.  O.  Box  12,  Pilgrims  Rest.     Sampler. 

1S99     Grix,  Harry  Richard.     Roodepoort  U.  M.  R.  Gold  Mining  Co.,  P.  O.  Box  115,  Roodepoort.      Mill 
Manager. 

1906  Guthrie,   Frederick   Gysbert.     Consolidated   Gold  Fields  Laboratory,  P.  O.  Box  108,  Germiston. 

Assayer. 

1906     Haddon,  Theodore.      Globe  and  Phoanix  G.  M.  Co.,  Ltd.,  Que  Que,  Rhodesia.     General  Manager. 

1905  Halm,   Werner  Arnold   Aneck,   B.Sc.       South  West  Africa  Company,  Grootfontein.  via  Swakop- 

mund,  German  South  West  Africa.     Mining  Engineer. 

1909     Hailey,  Rupert  Clode,  A.I.M.M.       Poleleh,  North  Celebes,  Netherlands  India.     Mining  Engineer. 

1894     Hall,   Robert  E.     Ferreira  G.    M.   Co.,   Ltd.,   P.  O.  Box  1021,  Johannesburg      Metallurgist  and 
Cyanide  Manager. 

1904  Hallimond,  William  Tasker,  M.I.M.E.     Geldenhuis  Deep,  Ltd.,  P.  O.  Box  54,  Cleveland.     Mining 

Engineer. 

1897     Hambly,     Frank    N.       355     Commissioner    Street,     Fairview,    Johannesburg.     Mine    Manager. 
Metallurgist  and  Chemist. 

1906  Hamill,  Joseph  Holmes.     Xkandhla,  Zululand.     Mine  Sampler. 

1903  Hamilton,  William.     Glen  Deep,  Ltd.,  P.  O.  Box  184,  Germiston.     Assayer. 

1897  Hamilton,  William  Laurie.     P.  O.  Box  678,  Johannesburg.     Civil  and  Mining  Engineer. 

1904  Hanau,  Carl.  Coronation  Syndicate,  Ltd.,  P.  O.  Box  4602,  Johannesburg.  Director  of  Companies. 
1903     Hanlon,  Claude,  A.I.M.M.     P.  O.  Box  113,  Klerksdorp.     Cyanide  Manager. 

1903     Hardach,  Edward  Emery,  B  S.  Knight  Central,  Ltd.,  P.  O.  Box  91,  Germiston.       Mine  Manager. 

1898  Hardwick.  William.      Village  Deep,  Ltd.,  P.  O.  Box  1145,  Johannesburg.     Mill  Manager. 

1903     Harland,  Henry  Lumley.     Robinson  G.  M.  Co.,  Ltd.,  P.  O.  Box  1024,  Johannesburg.    Mechanical 
Engineer  and  Battery  Manager. 

1905  Harris,  James  Vaughan.     Blanket  Mine,  via  G  wan  da,  Rhodesia.     Cyanide  Manager. 

1908  Harris,  Julian  Herbert.    Jumpers  Deep,  Ltd.,  P.  O.  Box  30,  Cleveland.     Amalgamator. 
(Assoc.  1906) 

1896     Hartley,  Alexander  Holmes.     New  Goch  G.  M.,  Ltd.,  P.  O.  Box  1096,  Johannesburg.     Assayer. 

1903  Hastings,  Bernard  John.    P.  O.  Box  5337,  Johannesburg.     Assayer. 

1904  Haugh,  Henry.     Pipeclay  Creek,  via  Pambula,  New  South  Wales.     Metallurgist. 

1903     Hay,  Errol.     Johannesburg  Consolidated  Investment  Co.,  Ltd.,  P.O.  Box  331,  Johannesburg. 
Assistant  Consulting  Engineer. 

1909  Healey,   John  Edward.      Vogelstruis  Consol    Deep,  1'.  O.  Box   3,  Florida.      Mini'  Manager. 

1903     Hebbard,   Austin.      Block   B  Langlaagte  Estate  and  (i.  M    Co.,  Ltd.,  P.  O.  Box   58,   Langlaagte. 

Assayer. 

1903      Heim,  Felix.      Messrs.  Wernher,  Beit  &  Co.,  1,  London  Wall  Buildings,  London,  E.C. 

1898     Hellmann,  Frederick,  M.I.M.M.    530  Mills  Buildings,  15  Broad  Street,  New  York,  C.S.A.    Con- 
sulting Mining  Engineer. 

1903     Henderson,    Henry.     Geldenhuis    Estate   and   Q.    M.   Co.,    Ltd.,    1'.  ( ).  Box  •"".,  Cleveland.      Mine 
Secretary. 

1908  Henderson,     John    McClelland,    PhD.,    F.G.S.,    MI.M.M.     1'.    O.    Box     UK-,,    Johannesburg. 

Consulting  Mining  Engineer  and  Geologist. 

1909  Herald,  Andrew  James.   Knights  Deep,  Ltd.,  1'.  O.  Box  143,  Germiston.  Mill  ami  Tube  Foreman, 
(Assoc,  1908) 
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1903     Herbert,  Sydney  A.     Simmer  Deep,  Ltd.,  P.  O.  Box  178,  Germiston.     Cyanide  Foreman. 
1909     Herring,  Frank.     Crown  Mines,  L*d.,  P.  O.  Box  5,  Ford-lung.     Cyanide  Foreman. 
1909     Hesom,  William  Wade.     Sheba  G.  M.  Co.,  Ltd.,  Eureka.     Amalgamator. 

1903  Hevmann,   Alexander.    M.Ch.,    M.Ph.,    M.A.     The   Laboratories,    Fox   Street,    P.   O.   Box  3427, 

Johannesburg.     Consulting  Analytical  Chemist. 
1898     Higham,   James.      City   &  Suburban   G.   M.    &   E.   Co.,   Ltd.,    P.  O.  Box   1026,    Johannesburg. 
Cyanide  Manager. 

1905  Hilditeh.  Charles  Henry.     82  Fourth  Street,  Boksburg  Xorth.     Cyanider. 
1S97     Hill,  Howard.     Sheba  G.  M.  Co.,  Ltd.,  Eureka.     General  Manager. 

1908  Hilliard,  Cecil  Brewitt.     Crown  Mines,  Ltd.  (C.  Section)  Reduction  Works,  Fordsburg.     Cyanide 
(Assoc.  1898)  Manager. 

1904  Hilner,  Ernest  George.     P.  O.  Box  1145,  Johannesburg.     Mine  Surveyor. 

1898     Holford,  William  George,  A.M.I.C.E.     Apex  Mines,  Ltd.  (Gold  Section),  Benoni.     Man 

1902  Hollis,  Ernest.     Bank  of  Africa.  Ltd.,  P.  O.  Box  1123,  Johannesburg.     Assayer. 

1907  Holloway,   George   Thomas,    M  I.M.M.    (Corresponding  Member  of  Council).     57-58  Chancery 

Lane,  London.  A\  .  C. 

1903  Honnold,    William    Lincoln.   M.I.M.M.     Consolidated   Mines  Selection,   Ltd.,   P.   O.   Box    2269, 

Johannesburg.     Mining  Engineer. 

1905  Houghton,  John  Henry.      P.  O.  Box  5237,  Johannesburg.     Manufacturers  Agent. 

1909  Hovig   Peter.     Benkoelen,  Sumatra.  Dutch  East  Indies.     Government  Mining  Engineer. 

1909     Howard,    Harold    Arthur   Liddon.      Simmer   cV   Jack    Proprietary    Mines.    Ltd.,    P.  O.  Box    192, 
Germiston.      Cyanider. 

1906  Hover,  Anton   Godfrey.      Durban   Roodepoort    Deep,   Ltd.,  P.   O.   Box   110,  Roodepoort.     Mine 

Surveyor. 

1902  Hughes,    Hugh,    M.Am.I.M.E.     Ventanas   Mining  and  Exploration  Co.,   Ltd.,  Villa  Corona,  via 

Chavarria,  Durango,  Mexico.     Mining  Engineer. 

1898  Bulsteyn,  Sir  Willem  van,  Kt.     P.  O.  Box  46,  Johannesburg.     Solicitor. 

1904  Hunter.  Archibald  Moses.      Langlaagte   Estate   &   G.    M.   Co.,  Ltd.,   P.   O.  Box   98,    Langlaagte. 

Storekeeper. 

1899  Hunter.  Charles,  A. I.M.M.     New  Lisbon  Berlyn,  Ltd.,  Pilgrims  Rest.     Metallurgical  Chemist. 
1904     Hunter,  George  James.     Geldenhuis  Deep,  Ltd.,  P.  O.  Box  54,  Cleveland.     Assayer. 

1909     Hurlbatt.  Charles.     Eldorado  Mine,  Lomagundi,  S.  Rhodesia.     Mill  Manager. 
1898     Hutton,  Charles  Edward,  M.I.M.M.     Van  Ryn  Gold  Mines,  Ltd..  P.  O.  Box  22,  Benoni.     Mine 
Manager. 

1906  Hyland,  Lawrence,     Gatooma  Station,  Rhodesia.     Assayer  and  Cyanide  Chemist. 

1904  Hynd,  John.    Consolidated  Gold  Fields  of  South  Africa,  Ltd..  P.  O.  Box  67,  Bulawayo,  Rhodesia. 

Mechanical  Engineer. 

1909     Inglis,  Alexander  Brownlee.    Thornton  Little  G.  M.  Co.,  P.  O.  Box  77,  Barberton     Mill  Manager. 
(Assoc.  L897) 

1908  Inglis,  Malcolm  Canmore.      New  Club,  P.  O.  Box  1078,  Johannesburg.     Mine  Manager. 

1903  I'Ons,  John.     Witwatersrand  G.  M.  Co.,  Ltd..  P.  O.  Box  1.   Knights.     Battery  Manager. 

1905  Irvine.  Louis  G.,  M.A..  M.D.     P.  <  >.  Box  320,  Johannesburg.     Medical  Practitioner. 

1906  Isaacs,  Robert  Mcintosh,  B.E.  (Sydney).      63  Charlton  Road,  Blackheath,  London,  S.E.     Miniug 

Engineer. 

1904  Jarman,  Edwin  Arthur.     Crown  Mines.  Ltd.,  P.  O.  Box  102,  Fordsburg.     Mill  Foreman. 
1906     James,  Christopher  Gordon.  A. I.M.M.      Metallurgist.     (Address  wanted.) 
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1905     James,  William   Henry  Trewartha,   M.I.M.M.,    M.I.M.E.      Finsbury    House,    Blomfield   Street, 
London,  E.C.     Consulting  Engineer.  < 

1907  Jansen,   Petrus  Johannes.     Moeara  Aman,    Benkoelen,   Sumatra,    Dutch    East    Indies.      Mining 

Engineer. 

1897     Jennings,     Sidney    Johnston,   M.Am. OLE.,    M.I  M.M.      c/o    Messrs.    Smith  t  Perkins,   Mills 
Building,  Broad  Street,  New  York,  U.S.A.     Mining  Engineer. 

1905     Johns,  James.     Ginsberg  G.  M.  Co.,  P.  O.  Box  16,  Knights.      Mine  Foreman. 

1897     Johns,   J    Harry,   M.I.M.M.,   A.M.I  C.E.     Consolidated  Investment  Co.,   Ltd.,    P.  O.  Box  231, 

Johannesburg.       Consulting  Engineer. 

1904     Johnson,  Alex.  Downing.     Jessie  Mine,  per  private  bag,  Bulawayo,  Rhodesia.     Sampler. 

1908  Johnson,  Arthur  John.  Robinson  Deep  G.  M.  Co.,  Ltd.,  P.  O.  Box  1488,  Johannesburg.  Foreman 

Amalgamator. 

1894  Johnson,  Edward  H.  (Past  President).  East  Hand  Proprietary  Mines,  Ltd.,  P.  O.  Box  134,  East 
Rand.     Consulting  Metallurgist. 

1904  Johnson,    Henry    Howard,    A.M.I.Mech.E.       c/o    R.    R.    Hollins,     Standard    Bank    Buildings, 

Johannesburg.     Mining  Engineer. 

1908  Johnson,  Hugh  Michell  Luttman  .  Rand  Club,  P.  O.  Box  1032,  Johannesburg.  Mining 
Engineer. 

1897  Johnson,    J.    H.     Princess  Estate  &  G.   M.    Co.,    Ltd.,  P.  O.  Box   112,  Roodepoort.      Cyanide 

Manager. 

1899     Johnson,  Thomas,  P.  O.  Box  370,  Johannesburg.     Mine  Manager. 

L898  Johnston,  A.  McArthur  M.A.,  M.I.M.M.,  F.C.S.  (President).  P.  O.  Box  108,  Germiston. 
Reduction  Works  Manager.  {Temporary  address  to  January,  1910:  Woodside,  Johnston, 
Scotland.) 

1908  Johnston,  Herbert.  Simmer  &  Jack  Proprietary  Mines,  Ltd.,  P.  ().  Box  192,  Germiston.  Shift 
Boss. 

1907  Jolly,  Harold  R.     Robinson  Deep  G.   M.   Co.,   Ltd.,   P.  O.   Box   1488,   Johannesburg.     Chief 

Assayer. 

1898  Jolly,    Thomas    S.     Jubilee  Gold  Mining  Co.,  Ltd.,   P.  O.  Box  1122,  Johannesburg.     Analytical 

Chemist  and  Assayer. 

1905  Jones,  Charles  Kenelm  Digby,  F.G.S.,  A.I.M.M.     Jumbo  G.   M.   Co.,    Ltd.,  Salisbury,  Rhodesia. 

Mining  Engineer. 

1903  Jones,  Henry  Ewer,  A.R.S.M.,   M.I.M.M.   The  Lodge,   Culinington  Road,   Ealing,   London,   W. 

Mining  Engineer. 

1904  Jones,  John  Acheson.     Cinderella   Deep   G.   M.   Co.,    Ltd.,    P.  O.  Box  75,  Boksburg.       Cyanide 
(Assoc.  1902)  .Manager. 

1908  Jones,  William  Harry  Richardson.      Public  Works  Department,  Standerton.     Civil  Engineer. 

1906  Jongh,  J.  N.  de.     P.  O.  Box  1030,  Johannesburg.     Director  of  Companies. 

1903  Jordan,  Trevor  William.     7,  Sillier  Street,  Troyeville,  Johannesburg.     Mining  Engineer. 

1897  Jory,  James  Vine.  East  Band  Proprietary  Mines,  Ltd.,  P.  O.  Box  109,  East  Rand.  Cyanide 
Manager. 

1906  Kennedy,  .1.  Robinson  Deep  G.  M.  Co.,  Ltd.,  P.O.  Box  1488,  Johannesburg.  Tube  Mill 
Foreman. 

1904  Kern,  Percival  Ernest.     Ferreira  Deep,  Ltd.,  I'.  O.  Box  1056,  Johannesburg.     Assayer. 

1899  Kerr,  James.     New  Mcdderfontein  <;    M.  ('"..  Ltd.,  1'.  O.  Bos  25,  Benoni.      Analytical   Chemist 

and  Cyanide  Manager. 

1908     Kerr,  Thomas.     Benoni  Consolidated  G.  M.,  Ltd.,  Benoni.     Mine  Manager. 

1908     Kewley,  Robert  Rigby.     Witwatersrand  Q.  M.  Co.,  Ltd.,  P.  O.  Box  1,  Knights.     Sampler. 
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1905  King,  Andrew  Clark.     Robinson  Deep  G.  M.  Co.,  Ltd.,  P.  O.  Box  1488,  Johannesburg.     Battery 

Manager. 

1906  Kingston,  Charles  Jiurrard,  B.A.,  B.A.Sc ,  M.I.M.M.       Messrs.  Lewis  &  Marks,  P.  O.  Box  1030, 

Johannesburg.     Consulting  Engineer. 
1903      Kixli,    Charles    Herbert  Moses,    F.M.Cliart.Inst.P.A.,    (London).      Messrs.    D.    M.    Kisch  &  Co., 
P.   O.    Box    668,   Johannesburg.     Patent  Agent. 

1908  Klein,  Max  Marcus,  M.D.,  Ph.D.     P.O.  Box  16,  Biakpan.     Medical  Practitioner. 

1902  Kotze,   Robert  Nelson,    B.A.,   M.E.     Mines  Department,   Winchester  House,  P.   O.   Box   2807, 

Johannesburg.     Government  Mining  Engineer. 

1905  Kriekhaus,  Karl.    Ketahoen  Mining  Co.,  Ltd.,  Post  Ketaun,  West  Coast  Sumatra,  Dutch  East 

Indies.      Mine  Manager. 
L903     Krige,  William  Adolph,   B.A.,   B.Sc,  M.E.     Van   Ryn    Deep,    Ltd.,    P.    O.    Box  225,    Benoni, 
Johannesburg.     Mine  Manager. 

1903  Lace,  John  Dale.     P.  O.  Box  855,  Johannesburg.     Director  of  Mines. 

1903  Lacy,  Edward  D.  de.     P..  O.  Box  206,  Roodepoort.     Mine  Manager. 
(Assoc.  1897) 

1904  Lamont,  Cyril  Howard.     A'illage  Main  Reef  G.   M.   Co.,  Ltd.,   P.    O.  Box    1091,   Johannesburg. 

Amalgamator. 
1904     Langermann,  Hon.  Max.,  M.L.C.     P.  O.  Box  1365   Johannesburg. 

1904  Laschinger,  Edgar  Jacob,  B.A.Sc,  M.E.,  M.I.M.M.   (Member  of  Council).      Messrs.  H.  Eckstein 
(Assoc.  1904)  a-  Co.,   P.  O.   Box    149,    Johannesburg.      Mechanical  Engineer. 

1906  Laurie,  Everatt  (Life  Member),     Siamese  Tin  Syndicate,  c/o  Messrs.   Adamson,   Gilfillan   k,   Co., 

Penang,  Straits  Settlements.     Mining  Engineer. 

1906     Lawson,   George  Alexander.     East  Rand   Proprietary  Mines,    Ltd.,   P.    O.   Box  66,  East  Rand. 
(Assoc.  1898)         Cyanide  Foreman. 

1903     Lea,  Henry.     Simmer  &  Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  2036,  Johannesburg.    Cyanider. 

1903     Lea,  James.     Robinson  Deep  G.  M.  Co.,  Ltd.,  P.  O.  Box  1488,  Johannesburg.     Cyanide  Manager. 
(Assoc.  1898) 

1902     Lee,  Clifford  Walker.     Jumpers  Deep,  Ltd.,  P.  O.  Box  1,  Cleveland.     Assayer. 

1902  Lee,  Howard  John.      North  Randfontein  G.  M.  Co.,  Randfontein.      Battery  Manager. 

1898     Leitch,  Quinton  James.     Village  Main  Reef   G.    M.   Co.,   Ltd.,   P.   O.   Box   1091,  Johannesburg. 
( lyanide  Manager. 

1905  Lenz,  Otto.     Messrs.  Reunert  &  Lenz,  P.  O-  Box  92,  Johannesburg.     Engineer. 

1903  Leslie,  Charles  Duff.     Robinson  Deep  G.  M   Co.,  Ltd.,  P.  O.  Box  1488,    Johannesburg.     Mining 

Engineer. 

1909  Leslie,  Hugh  Mackenzie,  A.I.M.M.,  M.Am.I.M  E.     (Corresponding  Member  of  Council),  Eolar 
(Assoc.  1898)         Gold  Field  Central   Metallurgical   Establishment,   Marikuppam,   Mysore   State,    S.   India. 

Consulting  Metallurgical  Engineer. 

1906  Lewis,  Henry  Haselden.      Namaqua  Copper   Co.,   Ltd.,    Concordia,   Little    Namaqualand,   Cape 

Colony.     Metallurgist. 

1903     Lewis,  Francis  Blount.     New  Unified  (Main  Reef)  G.  M.  Co.,   Ltd.,   P.   O.    Box   5,   Maraisburg. 
Mining  Engineer. 

1897     Leyson,  William,  A.P.S.M.,  M.K.A.C,  M.R.A.S.E.     P.  O.  Box  3,  Florida.     Mine  Manager. 

1903     Lichtenstein,  Alfred,  M.E.  (Freiberg).     Van  Ryn  G.  M.  E.,  Ltd.,  P.  O.  Box  22,  Benoni.     Mining 

Engineer. 
1908     Lightbody,  Thomas.     Luipaardsvlei   Estate  &  G.    M.    Co.,    Ltd.,    P.   O.   Box   268,    Krugersdorp. 

Tube-miller. 

1907  Lindsay,  Robert.     Geldenhuis  Deep,  Ltd.,  P.  O.  Box  54,   Cleveland.     Cyanider. 
(Assoc.  1904; 
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1897     Little,  James  Berkeley.     The  Wanderer  G.  M.  Co.,  Selukwe,  Rhodesia.     Mine  Manager. 

1894     Littlejohn,  James   (Hon.    Treasurer).       Chemical    and   Metallurgical    Laboratories,    Simmonds 
Street,  P.  O.  Box  849,  Johannesburg.     Chemist  and  Assayer. 

1905     Lloyd,  William  D'Arcy.     East  Band  Proprietary  Mines,  Ltd.,  P.  O.  Box 94,  East  Rand.  Cyanider. 

1909     Locker,  James  Thomas.      Warrington,  England.     Screening  Manufacturer. 

1902     Lockhart.  Thomas  Lamb,  F.C.S.     Glencairn  Main  Beef  G.  M.  Co.,  Ltd.,  P.  O.  Box  191,  Germiston. 
Cyanide  Manager. 

1894  Loevy,  J.,  Ph.D.,  M. A-  (Past  President).     21  Luisenstrasse,  Berlin,  N.W.  6,  Germany.     Analytical 

and  Metallurgical  Chemist. 

1909     Lomas,  Albert  Arthur.     Luipaardsvlei  Estate  &.  G.   M.   Co.,    Ltd.,  P.  0   Box  53,   Krugersdorp. 
Cyanide  Manager. 

L909     Lowdon,  George  Webster.     Moodie's  G.  M.  &  Exploration  Co.,  Ltd.,  P.O.Box   117,  Barberton. 
Joint  Manager. 

1908     Lothrop,  Percy  Dunbar.     Crown  Mines,  Ltd.,  P.  O.  Box  5,  Fordsburg.     Surveyor. 

1895  Ludlow,  L.     Standard  Bank  of  S.  A.,  Ltd.,  Bulawayo,  Bhodesia.     Assayer. 


1903     Macaulay,  Donald,  M.A.,  M.B.,  CM.  (Edin.),  M.L.A.     Cleveland.     Physician. 
(Assoc.  1898) 

1898     MacCarthy,  George  Desmond  Richard.     Band  Klipfontein  Co,  P.  O,  Box  88,  Benoni.     Electrical 
Engineer. 

1908     MacDonald,  Bernard.     Apartado  33,  Guanajuato,  Mexico.     Mining  Engineer. 

1896  Macdonald,  F.  G.,  F.C.S.     Durban  Roodepoort  G.   M.   Co.,  Ltd.,  P.  O.   Box   111,   Roodepoort. 

Analytical  Chemist,  Assayer  and  Cyanide  Manager. 

1908  Macdonald,  Peter  Archibald.     Etna  Development  Co..  Ltd.,  Gatooma,  Bhodesia.     Mill  and  Cyanide 

Manager. 

1897  Macfarlane,  Thomas  John  M.      P.  O.  Box  1032,  Johannesburg.     Mining  Engineer. 

1909  MacGregor,  Robert  Duncan.     Robinson  Deep  G.    M.  Co.,  Ltd.,  P.  O.   Box   1488,   Johannesburg. 

Electrical  Engineer. 

1905  Mack,  John.      Rouge  Mine,  Gatooma,  Bhodesia.     Mine  Manager. 

1906  Mackintosh,  Harry  George.     Dunraven  Hotel,  Selukwe,  Rhodesia.     Cyanide  .Manager. 

1909     Maclatchy,    Allan    Gilmour.     South    Rand    Exploration    Co.,    Ltd.,   Balfour,    Transvaal.       Mine 
Manager. 

1903     Macleod,  Donald  McKay.     New  Primrose  G.  M.  Co.,  Ltd.,   P.  O.  Box  193,  Germiston.     Battery 

Manager. 

1906     Macqueen,  William  Pirrie  Otto,  A.R.S.M.,  S.I.M.M.     c/o  Gillanders,  Arbuthnot  &  Co.,  P.  O.  Box 

174,  Calcutta,  India. 

1905     Mahaut,  Henry.     Le  Champ  d'Or  (French)  G.  M.  Co.,  Ltd.,  P.  O.  Box  2,  Luipaardsvlei.     Mining 
Engineer  and  General  Manager. 

1905  Main,  Alfred  F.,  M.I.M.M.     El  Oro  Mining  and  Railway  Co.,  Ltd.,  El  Oro,   Estado  de    Mexico, 

Mexico.     A 3sistan1  <  General  Mana 

L907     Mance,  John  Courtenay,  A.I.M.M.     c/o  Messrs.  Guthrie  &  Co.,  Ltd.,  Singapore.      Mining  Engineer. 

1906  Manners,  Charles  Edward.     Wesi    Rand   Consolidated    Mines,    Ltd.,    P.  O.  Box  38,  Krugersdorp. 

Battery  Manager. 

1898  Marks,  Samuel.     P.  O.  Box  379,  Pretoria.     Capitalist. 

1902     Marquard,  Johann  David.     Glen  Deep,  Ltd..  P.  O,  Box  L 84,  Germiston.     Mine  Captain. 

L898     Marriott,    Bugh    Frederick,    A.R.S.M.,  A.R.C.S.,  F.G.S.,  M.I.M.M.     c/o  Messrs.  Wernher,  Beit 

&  Co.,  London  Wall  Buildings,  London,  E.C.      Consulting  Mining  Engineer. 
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1903     Martin,  Ernest  Holroyd.     Langlaagte  Estate  and  G.   M.   Co.,   Ltd.,   P.O.   Box  98,  Langlaagte. 

Battery  Manager. 
1908     Martin,  Henry  Stuart,  MI. MM.      Messrs.  H.   Eckstein   &   Co.,   P.    O.    Box   149,   Johannesburg. 

Consulting  Mining  Engineer. 

1908  Mather,  Thomas  W.      Crown  Mines  Ltd.,  P.  O.  Box  102,  Fordsburg.     Mining  Engineer. 

L897     Matthews,  Ernest  Lindley.     Nourse  Mines,    Ltd.,   P    O.   Box  32,   Denver.     Assayer,  Analytical 

Chemist  and  Cyanide  Manager. 
L899     McCracken,    John.     Sandycroft   Foundry  Co.,   Corner   House,    P.   O.   Box    1976,   Johannesburg. 

Merchant. 

1906  McCrae,  John,  Ph.D.     Government  Lai  oratories,  P.  O.   Box   1080,  Johannesburg.     Government 

Analyst. 
190G     McEwen,  Moses  Thomas.     Bonsor  Mine,  Selukwe,  Bhodesia.     Mine  Manager. 

1909  McGuire,  .(aims  Edward,  B.Sc.  Messrs.  S.  Neumann  &  Co.,  P.  O.  Box  485,  Johannesburg.  Mining 

Engineer. 
L907     McKellow,  William  Henry.     Robinson  Deep  G.    M.   Co.,  Ltd.,   P.  O.  Box  5168,   Johannesburg. 
( !yar  ider. 

1907  McKerrell,  David.     Galston  Boad,  Hurlford,  Ayrshire,  Scotland.     Amalgamator. 

1902  McLennan,  John.     Roodepoort  United  Main  Reef  G.  M.  Co.,  Ltd.,  P.  O.   Box  115,   Roodepoort. 

Assayer. 

1903  McMillan,  Quinton  Clark.     P.  O.  Box  3663,  Johannesburg.     Battery  Manager. 

1894  McNaughtan,  A.     Luipaardsvlei.     Cyanide  Manager. 

1909     Mehliss,     Max,     M.D.     Rietfontein    Lazaretto,      P.     O.     Box     1076,     Johannesburg.       Medical 
Superintendent. 

1895  Melvill,  George.     French  Band  G.  M.  Co.,  Ltd.,  P.  O.  Box  25,  Luipaardsvlei.     Cyanide  Manager. 

1907     Metcalf,  Joseph  Ernest.       Consolidated    Cold    Fields   Laboratory,    P.    O.    Box   108,  Germiston. 

Analytical    Chemist. 

L904     Meyer,  ('harks  Edward,     c/o  L.  C.  Meyer,  P.  O.  Box  199,  East  Band.     Analytical  Chemist  and 

Assayer. 

1899     Meyer,  Hans.  A.R.S.M.     Rand  Mines,  Ltd.,  P.  O.  Box  1056,  Johannesburg.     Mining  Engineer. 

1907  Michaux,  Dighton.     Simmer  &  Jack  Proprietary  Mines,  Ltd.,    P.   O.  Box  192,  Germiston.     Shift 

Boss. 

1904  Michelmore,  P.  J.     Robinson  G.  M.  Co.,  Ltd.,  P.  O.  Box  1024,  Johannesburg. 

'1897     Milligan,    John    Thomas,    M.I.M.M.      New   West  Bonanza  G.    M.    Co.,    Ltd.,   P.    O.    Box    137, 
Klerksdorp.     Consulting  Engineer. 

1905  Mills,  Arthur  L.      University  of  Melbourne,  Carlton,  Victoria,  Australia.     Metallurgist. 

1906  Mills,  Frank.     North  Randfontein  G.  M.  Co.,  Randfontein.     Cyanide  Manager. 
(Assoc.  L898) 

1908  Minards,  William  I  vey  Kennedy.     Bennallack;  Gram  pound  Road,  Cornwall.     Cyanider. 
1908      Mitchell,  Andrew.      Dunraven  Mine,  Selukwe,  Rhodesia.      Mine  Owner. 

1903     Mitchell,  John  Thomas.     East  Rand  Proprietary  Mines,  Ltd.,  East  Band.     Engineer. 

1898  Mitchell,     William    Edward    Clifton,     D.S.O.,    M.I.M.M.,   M.Am.I.M.E.,   Ferreira  Deep,   Ltd., 

P.   O.  Box  1056,  Johannesburg.     .Mine  Manager. 

1902     Mora,   .lames.    M.A,   D.Sc.(Aber.),    F.C.S.,    F.RS.S.Af.   (Vice-President).      Mines   Department, 
Johannesburg.      Chemist   to  Department. 

1899  Morison,  Stephen.     Crown  Mines,  Ltd.,  P.  O.  Box  1145,  Johannesburg.     Smelter. 

1908     Morkel,   Arthur   Loreht  Rubidge.      P.  O.   Joker  Mine,   Salisbury,  Rhodesia.     Mine   Owner  and 
Tributor. 
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1897  Morrell,  Henry  H.     Rose  Deep,  Ltd.,  P.  O.  Box  6,  Germiston.     Cyanide  Manager. 

1903  Morris,  James,  A.R.S.M.,  A.I.M.M    East  Rand  P    |  Ltd.,  P.  O   Bo 

Joint  General  Manager. 

1909     Morris,  James  William  Henderson.     East  Rand  Proprietary   Mines,    P.    O.    Boa    37,    East   Rand. 

Assayer. 

1906     Morris,  Thomas  Walters.     Nigel  Deep,  Ltd.,  P.  O.  Bos  50,  Nigel.     Assayer. 
(Assoc.  1904) 

1898  Morrisby,    Arthur   Clayton.     Hamburg  Mine,    Golden   Valley,   Rhodesia.      Mine  Owner. 

1896     Morrisby,  Percy  Tasman  B.      Witwatersrand  G.  M.  Co.,  Ltd.,  P.   O.   Box   1,   Knights.     Cyanide 
Manager. 

1904  Morse,    Willard    S.,    M.I.M.M.,     M.Am.I.M.E.,    F.S.A.,    M.I.M.E.     Seaford,  Delaware,   U.S.A. 

Mining  Engineer. 

1906  Morton,  W.  D.      P.  O.  Box  1331,  Johannesburg.     Accountant  and  Auditor. 

1908     Mosenthal,  Berthold  Philip.     Simmer  &  Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston. 
Assayer. 

1908  Mossop,  William  Clement.     Treasury  Gold  Mines,  Ltd.,  Cleveland.     Mining  Engineer. 

1905  Mumford,  Frank  Townsend,  A.I.M.M.     Athenaeum  Club,  Johannesburg.     Metallurgist. 

1909  Murdoch,  David.     Simmer  &  Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston.   Cyanider. 

1909     Murning,  John.     Luipaardsvlei  Estate  and  G.  M.  Co.,  Ltd.,  P.  O.  Box  53,    Krngersdorp.      Tube- 
miller. 

1909     Murray.  Myles  Thornton,  M.Sc,  Transvaal  University  College,   P.   O.   Box   1176,    Johannesburg. 
Lecturer  and  Demonstrator  in  Metallurgy  and  Assaying. 

1905     Xahnsen,  Dr.  George,  7  Heinrich  Hertzstr,  Hamburg,  German}-. 

1909     Napier,    William    Florance.      Simmer   Deep,    Ltd.,   P.    O.    Box   4397,   Johannesburg.     Assistant 
Smelter.  . 

1909     Nbal,  Walter  (Corresponding  Member  of  Council).     Las    Dos  Estrellas,    Apartado  34,  El    Oro, 
(Assoc.  1909)  Mexico.     Superintendent,  Cyanide  Department. 

1908  Xeale,  Arthur  Leggett.     Transvaal  Gold  Mining  Estates,  Ltd.,  Pilgrims  Best.     General  Mai 

1905     Xel,   Pieter  Otto,     Robinson   Deep  G.    M.    Co.,   Ltd.,   P.   O.   Box    1488,   Johannesburg.     Mine 
Captain. 

1903     Newball,    Percy    Melrose,   B.Sc.     Messrs.  S.   Neumann  k   Co.,   P.   O.    Box    185,  Johannesburg. 
Mining  Engineer. 

1905     Newman,  Arthur  Dudley.     Messrs.  Fraser  A:  Chalmers,  P.  O.  Box  619,  Johannesburg.     Engineer. 

1907  Xewson,  .  Fames  Aldrovandi.     P.O.  Box  250,  Potchefstroom.     Assayer. 

1902  Newton,  Samuel.     Ferreira  Deep,  Ltd.,  1'.  ().  Box  1056,  Johannesburg.     Cyanide  Manager. 
1907      Xiehol,  Thomas  T.      Springs  Mines,  Ltd.,   P.  < ).  Box  54,  Springs.      Sampler. 

1901  Xicholls,    Charles    Bereslonl.      Le    Champ    d*()r   G.    M.    Co.,  Ltd.,  P.  O.    Box  2,  Luipaanb 

Mining  Engineer}, 

1903  Nicholls,  Reginald.     Queen's  Mine,  P.  O.  Box  220,  Bulawayo,  Rhodesia!     Metallurgist. 

1909  Nicholson,  Arthur  Steele.     Simmer  Deep,  Ltfl.,  P.'O.  l'>o.\  17s.  Germiston.     Mill  Foreman. 

(A -see.    L907) 

1903     Xicklin,  William.      P.  0.  Box  1908,  Johannesburg.      Assayer. 

1909     Xicol,  Gilbert.     Simmer  Deep,  Ltd.,  P.  O.  Box  II,  Germiston.     Cyanider. 

1905     Nicolaus,    Richard   Clement,   M.I.M.M.      P.   ( ).    Box   3443,  Johannesburg.      Consulting   Mining 
Engineer. 

1902  Xiven,  Robert,      P,  O.  Box  1022,  Johannesburg.     Merchant, 
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1904  Normand,  James  Normand.     Surprise  Mine,  Surprise  Siding,  Gwelo,  Rhodesia.     Mine  Manager. 
1899     North,  Walter  Joseph   Richard.     Roodepoort   Central   Deep,    Ltd.,   P.    ().    Box  114,  Roodepoort, 

Mill  Manager 

1907  Ogle,  Frank  Bray.     Simmer  Deep,  Ltd.,  P.  O.  Box  178,  Germiston.     Smelter. 

(As-or,   1898) 

L897     ( >'Hara,  John  Dennis.     Nigel  G.  M.  Co.,  Ltd.,  P.  O.  Box  20,  Nigel.     Cyanide  Manager. 

1903     Olds,     Eenry    Francis    (Life    Member),    M.I.M.M.,  Chapel    Road,    St.    Just,   R.S.O.,    Cornwall, 

England.      Mining  Engineer. 
1903     Oliver    William  Henry,  A.I.M.M.      10,  Avondale  Road,  Truro,  Cornwall,  England.       Metallurgist. 

1908  Orr,    John,    B.Sc.,    M.I.Mech.E.,   A.M.I.C.E.     Transvaal  University   College,  P.   O.    Box    1176, 

Johannesburg.     Professor  of  Mechanical  Engineering. 
1898     Osbom,  Sidney  S.      Glen  Deep,  Ltd.,  P.  O.  Box  184,  Germiston.      Cyanide  Manager. 

1909  Osterloh,  Ernest  Albert.      Simmer  Deep,  Ltd.,  P.  O.  Box  178,  Germiston.     Slimes  Foreman. 
(Assoc.  1903) 

1906     Packard,  Harold  Turner.     Nourse  Mines,  Ltd.,  P.  O.  Box  32,  Denver.     Shift  Boss. 

1905  Pam,  Edgar.     Village  Deep,  Ltd.,  P.  O.  Box  1145,  Johannesburg.     Mining  Engineer. 

1905  Parker,  William  Frank.     Village  Deep,  Ltd.,  P.  O.  Box   1145,  Johannesburg.     Surveyor. 

1906  Parry,  Charles  Frank.     Simmer  &  Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston.      Mine 

Captain. 

1906  Parsons,  Cyril  Edward,  M.I.M.M.,  M.Am.I.M.E.    Chevender,  Chislehurst,  Kent,  England.    Mining 

Engineer. 

1907  Patterson,    Philip     Francis,    A.R.S.M.,  A.I.M.M.       c/o    Messrs.    Turrell    &     Patterson,     Mining 

Engineers,  Penhalonga,  Rhodesia.     Mining  Engineer. 

1903  Payne,  Albeit  Edward,  A.R.S  M.,  M.I.M.M.    New  Primrose  G.  M.  Co.,  P.  O.  Box  193,  Germiston. 

Mine  Manager. 

|s(.i|      Pead,  ('lenient  11.      P.  ( ).  Box  252,  Bulawayo.     Metallurgist  and  Cyanide  Manager. 

1895      Pearce,  John,  F.R.C.I.     Higher  Knowle,  Kingsbridge,  Devon,  England.      Gentleman. 

IS!)  I      Peakce,  Sidney  Herbert,  M  I.M.M.  (Past  President ;   Life  Member).      Messrs.   Eckstein   &  Co., 
P.  O.  Pox  149,  Johannesburg.     Consulting  Chemist  and  Metallurgist. 

1908  Pearson,  Thomas.     Clovei  field  Mines,  Ltd.,  P.  O.  Geduld.     Mine  Manager. 

1 90  I      Pedrini,  Joseph.  Luipaardsvlei  Estate  &  G.  M.  Co.,  Ltd..  P.  O.  Box  53,  Krugersdorp.  Mine  Captain. 
190:5      Pencier,  Henry  Percy  de,  M.Sc.      145  Bayle  Street,  Montreal,  Canada.     Mining  Engineer. 

1898  Penman,    William,      Luipaardsvlei  Estate    &    G.     M.    Co.,   Ltd,   P.   O.  Box   53,    Krugersdorp. 

Assayer. 

1899  Pepler,  Daniel  Joseph.     Ferreira  Deep,  Ltd.,  P.  O.  Box  1056,  Johannesburg.     Mill  Manager. 

1908  Perkin,  Dan  Ward.     Witwatersrand  G.  M.  Co.,  Ltd.,  P.  O.  Box  1,  Knights.     Assistant  Surveyor. 
1897      Petersen,  Hans  Theodor.     Geldenhuis  Estate  &.  G.  M.  Co.,  Ltd.,  P.  O.  Box  5,  Cleveland.      General 

Manager. 

1909  Phillips,  Frederick  David.      Knights  Deep,  Ltd,  P.  O.  Box  143,  Germiston.      Cyanider. 

1907  Phillips,  John  Moyle.     Transvaal  ( ).  M.  Estates,  Ltd.,  P.  < ).  Box  10,  Pilgrim's  Rest,     Mine  Captain. 

1908  Phillips,  Josiah  Charles.      Witwatersrand  G.  M.  Co.,  Ltd.,  P.  O.  Box  1,  Knights.      Cyanider. 

1909  Philp,  Henry.      Lebong  Donok,  Benkoelen,  Sumatra,  Dutch  East  Indies.     Underground  Manager. 
1905  Philpott,  John  William.      Glen  Deep,  Ltd.,  P.  O.  Box  184,  Germiston.       Cyanide  Foreman. 

1904  Pidsley,  Harry  William.      Geldenhuis  Estate  &  G.  M.  Co.,  Ltd.,  P.  O.  Box  5,  Cleveland.      Battery 

Manager. 
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L909     Piele,  William.       East    Rand    Proprietary   Mines,   Ltd.,   P.   ().   Box    138,    East    Rand.      Mining 

Engineer. 

1898     Pill,  Robert.    West  Rand  Consolidated  .Mines,  Ltd.  P.  O.  Box  38,  Krugersdorp.    Mining  Engineer. 

1904  Pinkvos,  Ernst  A.  Th.  K.,  M.E.  Ketahoen  G.  M.  &  Exploration  Co.,  Ltd.,  Lebong  Siman, 
Benkoelen,  Sumatra,  Dutch  East  Indies.     Mining  Engineer. 

1897     Pope,  William  Toll,  M.I.M.M.     P.  ( ).  Box  2448,  Johannesburg.     Mining  Engineer. 

1909     Price,  Walter  Samuel  Vincent.      Cinderella  Deep,  Ltd.,  P.  O.  Box  75,  Boksburg       Miner. 
(Assoc.  1908) 

1904  Pollitt,    Robert    Barnabas,  A.M.I.C.E.,  F.I.C.  (Corresponding  Member,  of  Council).      Compania 

Nacional    Mexicana   de  Dinamita  y    Explosivos    (S.A.),   Dinamita  (via   Nbe),    Durango, 

Mexico,      General  Manager. 

1908  Popham,  John  Leyborne,  A.I.M.M.     P.  O.  Box  6G9,  Bulawayo,  Rhodesia.     Mining  Engineer. 

1909  Potter,  Henry  Samuel.    32  Plein  Street,  Johannesburg.     Mechanical  Engineer  and  Works  Manager. 
1902     Powell,  Owen  Price.     Knights  Deep,  Ltd.,  P.  O.  Box  143,  Germiston.     Mining  Engineer. 

1897     Price,  Henry  B.     Crown  Mines,  Ltd.,  I'.  O.  Box  901,  Johannesburg.     Mining  Engineer. 
1895     Prister,  Professor  August.      13  Via  Poste  Nuove,  Trieste,  Austria.     Chemist. 

1897  Prout,  William  Morris,  A.M.I  C  Iv,  M.Am.I.M  E.      Witwatersrand  G.  M.  Co.,  Ltd  ,  P.  O.  Box  1, 

Knights.      Mining  Engineer  and  General   Manager. 

1909  Pryce,  Leslie.  Simmer  &  Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston.  Resident 
Engineer. 

1902  Pyles,  Jay  F.     Village  Deep,  Ltd,  P.  O.  Box  1145,  Johannesburg.      Cyanide  Manager. 

1906  Quin,   Stanley  Cleveland      Aurora  West   United  G.   M.   Co.,   Ltd.,    P.   O.  Box  26,  Maraisburg. 

Cyanider. 

1905  Quinn,  Jno.  W.,  J.P.,  M.L.A.      P.O.  Box  145  4,  Johannesburg.      Merchant. 

1898  Raine,   Robert,     Village   Main    l!r,4  (J.    M.   Co.,    Ltd.,    1'.  O.   Box  L091,  Johannesburg.     Mine 

Manager. 
is!)  I     Rand,  Ernest  T.     P.  O,  Box  9,  Boksburg  North.     Cyanide  Manager  and  Engineer. 
1909     Rascher,  Louis   Hugo,   M.E      Witwatersrand   Deep,  Ltd.,  P.  O.  Box  5,  Knights.     Assistant  Mine 

Surveyor. 

1903  Reading,  Richard  Washington,     c/o  R.  S.    Reading,   Redding,   Shasta  County,  California,  U.S.A. 

Assayer  and  Mining  Engineer. 

L903  Reyersbach,  Louis  J.  Messrs.  II.  Eckstein  &  Co.,  P.  O.  Box  149,  Johannesburg.  Director  of 
( lompanies. 

1909  Reynolds,  James.  Consolidated  Langlaagte  Mines,  Ltd,  I'.  ().  Box  13,  Langlaagte.  Mill  Fore- 
man. 

1907  Reynolds,  James  Percival.     Milky  Way  Gold  Mine,  Golden  Valley    Gatooma,  Rhodesia.     Assayer. 
1907     Richards,   Fred.,   M.I.M.E.     "  Blaenau,"    13  Compton  Road,  Canonbury,    London,  N.  (temporary 

address,  P.  O.  Box  67,  Middelburg,  Transvaal).     Director  of  Mining  Companies. 

1902  Richardson,  Alexander,  M.I.M.M.  (Member  of  Council).  Treasury  O.  M.  Ltd.,  Cleve- 
land.    Mining  Engineer. and  Surveyor. 

1S9S  Roberts,  Frederick  ( 'harles,  M.I.M.M.  2.".  17  Piedmont  Avenue,  Berkeley,  California,  U.S.A. 
(Assoc.  1897)  Mining  Engineer. 

11)04     Roberts,  Stephen,  M.I.M.E.     Midas  Deep,  Ltd,  I'.  O.  Box  8,  Randfontein.     Surveyor. 

1909     Robertson,  David.    Treasury  Gold  Mines,  Ltd.,  Cleveland.     Mill  Manager. 

1902  Robeson,  Antony  Maurice,  M.I.M.M.  Messr  .  II.  Eckstein  &  Co.,  P.  <  >.  Box  149,  Johannesburg. 
Consulting  Mechanical  Engineer, 
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1904     Robinson,   Leonard  Joseph.     Consolidated   Gold  Fields   Laboratory,  P.    O.  Box  10b,  Gernnston. 

(Assoc.  L903)  Assayer. 

1904     Robinson,    Reginald    William,  A.R.S.M,  A.I.M.M.       Penhalonga,     Umtali,     Rhodesia.     Mining 

Engineer. 
1907     Robinson,  Rupert  Frere.    New  Modderfontein  G.  M.  Co.,   Ltd,    P.  0.  Pox   25,   Benoni.       Mining 

Engineer. 
1909     Robson,  John  Newton.     Nigel  G.  M.  Co.,  Ltd,  P.  O.  Box  20,  Nigel.     Mill  Foreman. 
1903      Roche,  H.  Fraser.     Village  Deep,  Ltd,  P.  O.  Box  1 145,  Johannesburg.      Surveyor. 

1903  Roe,  Wilfred  Henry.     Jumpers  G.  M.  Co,  Cleveland.     Cyanide  Manager. 

1904  Rogers,  Arthur.     Ginsberg  G.  M.  Co,  Ltd,  P.  O.  Box  16,  Knights.     Assayer. 
L908     Rogers,  Nelson.     Geldenhuis  Deep,  Ltd,  P.  O.  Box  54,  Cleveland.     Surveyor. 

1904     Rose,  Arthur  Francis.     Fanti  Consolidated   Mines,   Tarkwa,    West  Africa.       Mining   Engineer. 
1906     Rosendorff,  Hans.    General  Mining  &  Finance  Corporation,  Ltd,   P.  O.  Box  1118,   Johannesburg. 

Buyer. 
1909     Ross,  David  George  Fraser.    Simmer  &  Jack  Proprietary  Mines,  Ltd,  P.  O.   Box  192,  Germiston. 

Cyanider. 

1906  Ross,  Oswin  Douglas.    Robinson  Deep  G.  M.  Co,  Ltd,  P.  O.  Box  1488,  Johannesburg.     Smelter. 

1907  Rouillard,  R.  A.      Klipval  Mine,  P.  O.  Louwsburg,  via  Vryheid,  Natal.     Mining  Engineer. 

1903  Royse,  George  Herbert,  Assoc. M.A:M.O.S.M.(N.Z.)     Mine  Surveyor.     (Address  wanted.) 

1904  Rusden,  Charles  Edgar.      {Address  Wanted.)     Assayer. 

1903  Russell,  Samuel.     New  Kleinfontein  Co,  Ltd,  P.  O.  Box  2,  Benoni.     Battery  Manager. 

1904  Sale,  George  Geoffrey.     P.  O.  Box  3308,  Johannesburg.     Engineer. 

1S98     Salkinson,  A.     Witwatersrand  Deep,   Ltd,   P.   O.   Box   5,   Knights.     Chemist,    Metallurgist  and 

Cyanide  Manager. 
1902     Saner,   Charles   B,   M.I.M.M,  A.I.M.E.,    F.R.C.I ,     ( Vice-President).        Village    Deep,    Ltd, 

P.  O.  Box  1145,  Johannesburg.     Mining  Engineer. 

1906  Sartorius,  Kurt  K.  Hohnbaum,  M.E.     Geduld  Proprietary  Mines,    Ltd,  P.  ().    Box   41,    Springs. 

Mining  Engineer. 

1907  Scarf,   Henry   A.     Robinson   Deep   G.    M.    Co,    Ltd ,  P.  O.  Box  1488,  Johannesburg.      Cyanide 

Foreman. 
l^'.il      Sehlesinger,  Jacques,  Ph.D.     New  Transvaal  Chemical  Co,  Ltd..  P.  O.  Box    1455,  Johannesburg. 
Industrial  Chemist  and  Managing  Director. 

1906  Schmitt,  Charles  Oscar.     Consolidated  Gold  Fields  of  S  A,  Ltd,  P.  O.  Box  6404,  Johannesburg. 

Mechanical  Engineer. 
1899     Schumacher,  Raymond  W.     Messrs.  H.  Eckstein  &  Co,  P.  O.  Box  149,  Johannesburg.      Director 
(Assoc.  1807)  of  Companies. 

1907  Schwabe,  Septimus  Burdett.     West  Rand  Consolidated  Mines.  Ltd,  P.   O.    Box   38,   Krugersdorp. 

Tube  Mill  Amalgamator. 
1909     Scotland,    Robert    Duncan.      East    Rand    Proprietary   Mines,    Ltd,    P.    O.    Box    37,    East    Rand. 

Assayer. 
1909     Scott,  Lawrence  E.     East  Rand  Proprietary  Mines.  Ltd,  P.  O.  Box    56,    East   Rand.      .Mechanical 

Engineer. 

1905  Sellers,    John    Howard.      Western   Rand   Estates,   Ltd,    P.    O.   Box   32,  Eandfontein.      General 

Manager. 

1908  Semple,  William  Boyd.      Luipaardsvlei  Estate   &  G.  M.  Co,    Ltd,   P.    O.    Box   53,    Krugersdorp. 
Assoc.  1905)  Chemist  and  Assayer. 
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1895     Shallcross,   Vincent   Fairfield,  M  I. M.M.   (Lift    Member).     Stock   Exchange   Buildings,   113  Pitt 

Street,  Sydney,  New  South  Wales,  Australia.     Metallurgist. 

1904     Sharp,  Edward  Miles.     Warren  Hill  Syndicate,  P.  O.  Aristou,  Klerksdorp.      Mine  Foreman. 

1906     Sharp,  William  Park  Fulton.    Simmer  &,  Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston. 
Cyanide  Foreman. 

1904     Sharwood,  Walter  Sydney,  A.I.M.M.,  M  Am.I.M.E.     Macdonal  Street,  Jeppes  Ext  msion.    Mining 
Engineer. 

1904  Shlom,  Solomon.     P.  O.  Box  1989,  Johannesburg.     Analytical  and  Manufacturing  Chemist. 

1905  Sim,  Anthony  C.  B.   Malcolm.     City  &  Suburban  G.  M.  Co.,  Ltd.,  P.  O.  Box  1026,  Johannesburg. 

Assistant  Assayer. 

1904     Simmons,  Frederick  Lance.     Geldenhuis  Deep,  Ltd.,  P.  O.  Box  17,  Geldenhuis.     Amalgamator. 

1903     Simmons,    Thomas   William.      Consolidated   Lmglaagte   Mines,   Ltd.,  P.  O.  Box  15,  Langlaagte. 
Battery  Manager. 

1909     Simpson,  Charles  Butement.     Geldenhuis  Deep,  Ltd.,  P.  O.  Box  54,  Cleveland.    Cyanide  Foreman. 
(Assoc.  1904) 

1908  Simpson,    Ffreebairn   Liddon.      Knight    Central    G.    M.    Co.,    Ltd.,    P.    O.    Box  91,   Germiston. 

Amalgamator. 

1903     Simson,  Leslie,  M.I.M.M.     Consolidated  Gold  Fields  of  S.  A.,  Ltd.,   P.  O.  Box  67,  Johannesburg. 
Mining  Engineer. 

1909  Sly,  Alfred  William.     Cinderella  Deep,  Ltd.,  P.  O.  Box  75,  Boksburg.     Surveyor. 

1903  Smart,  George  Osier,  A.I.M.M.,  M. Am.I.M.E.  (Member  of  Council).     Simmer  &   Jack    Proprie- 

tary Mines,  Ltd.,  P.  O.  Box  192,  Germiston.     Reduction  Works  Manager. 

1908  Smith,  Edward.     French  Rand  G.  M.  Co.,  Ltd.,  P.  O.  Box  125,  Luipaardsvlei.     Amalgamator. 

1909  Smith,  John  Arthur.     Ferreira  Deep,  Ltd.,  P.  O.  Box  5977,  Johannesburg.     Cyanider. 

1904  Smith,    Mather.     Worcester   Exploration  it  G.  M.  Co.,  Ltd.,  P.  O.  Box  85,  Barberton.     Cyanide 

Manager. 

1905  Smith,  William  Henry.     Simmer  &   Jack    Proprietary   Mines,   Ltd.,    P.  O.  Box    192,    Germiston. 

Mine  Foreman. 

1905     Smythe,  John  James  Robert.    Warren  Hill  Syndicate,  P.  O.  Ariston,  via  Klerksdorp.     Mechanical 

Engineer. 

1903     Solly,  Bertram  Campbell  Travers.    May  Consolidated  G  M.  Co.,  Ltd.,  P.  ().  Box   50,  Germiston. 
Assistant  Surveyor. 

1909     Solomon,  Lionel.     P.  O    Box  503,  Johannesburg.     Surveyor. 

1898     Sorensen,  Stanley  Sevei  in,  M.I.E.E.,  M.C.M.I.     Steptoe  Valley  Smelting  &    Mining  Co.,    McGilL 
White  Pine  County,  Nevada,  U.S.A.      General  Manager  and  Consulting  Engineer. 

1896  Spengel,  Hermann   Georg,  M.I.E  E.     P.  O.   Box   3498,  Johannesburg.      Consulting   Electrical 

Engineer. 

1903     Spoor,  Alfred  Leonard.     Messrs.  D.  M.   Kisch  &  Co.,   P.   O.   Box  668,  Johannesburg.     Patent 
Agent. 

1897  Stacpoole,    Adam    Richard    W.,   M. Am.I.M.E.      Metallurgist  and  Cyanide   Manager.     (Address 

wanted.) 

1905     Stanley,    George   Hardy,    A.b'.S.M..    M.I.M.M.,    M.I.M.E.    (Member   of  Council).     Transvaal 
University  College,   P.O.  Box  LI  76,  Johannesburg.     Professor  of  Metallurgy. 

1909     Steel,  Walter  Scott.     Vogelstruis  Estate  &  G.  M.  Co.,  Ltd.,  1'.  <  >.  Box  L16,  R lepoort.     Cyanide 

Manager. 

1903     Steels,  Sidney  Harold.    Durban  Boodepoort  Deep,  Ltd.,    V.  O.   Box   110,  Roodepoort.     Cyanide 
Manager. 

1898  Stephan,  Henri.     Eldorado  Banket  G.  M.  Co.,  Ltd.,  Eldorado,  Rhodesia.      Mining  Engineer. 
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1901  Stevens,  James  Howard.     Village  Main  Reef  G.  M.  Co.,  Ltd.,   P.   O.   Box   1091,  Johannesburg. 

Storekeeper. 
L894     Stewart,    Alexander    Forson.      East    Kami  Proprietary   Mines,    Ltd.,  P.    (J.  Box   37,   East  Rand. 

Chemist  and  Assayer. 

L90S     Stiell,  William,     Jumbo  Mine,  Mazoe,  Rhodesia.     Mill  Manager. 

1904     Stokes,    Ralph   Shelton   Griffin.     .Missis.   H.  Eckstein  &  Co/s  Central  Administration,  P.  O.  Box 
111"),  Johannesburg.     Mining  Engineer. 

L908     Stokoe,  John  Calvert,     Pigg's  Peak  Development  Co.,  Pigg's  Peak,  Swaziland.     Metallurgist. 

L906     Stout, .William     Henley.      Robinson   Deep    G.    M.    Co.,    Ltd.,    P.    O.    Box    1488,   Johannesburg. 
Mill  Foreman. 

1906"    Strout,  Ernest  Allen.     Guanajuato    Development   Co.,  Apartado   25,    Guanajuato,  Mexico.     Mine 
Foreman. 

1906  St.  Quintin,  Erroll  Tracey.     Cyanider.     (Address  wanted.) 

L908      Strang,  John.      East  Rand  Proprietary   Mines,  Ltd,  1'.  ( ).  Box  66,  East  Band.     Cyanider. 

[898     Strange,  Harold  F.    Johannesburg  Consolidated  Investment  Co.,  Ltd.,  P.  O.  Box  2527.  Johannes- 
burg.    Joint  General  Manager. 

l'.lii!)     Streeter,  John  Radford.     Village   Main   Reef   G.  M.  Co.,  Ltd.,    P.   O.    Box   1091,   Johannesburg. 
Mine  Captain. 

1908  Suart,   Arthur  B.,  M.l.M.M.      Messrs.  Johnson  &  Sons  Smelting  Works,    Ltd.,    23   Cross   Street, 

Finsbury,    London,  E.G.      Bullion  Refiner. 

190G     Swinney,  Leslie  Alfred,  A.R.S.M.,  A.I.M.M.     Lome  Villa,  Sidcup,  Kent.     Metallurgical  Chemist. 

1907  Sydenham,  Charles  Theodore.     Knights  Deep,  Ltd.,  P.  O.  Box  143,  Germiston.     Assayer. 

1904  Taggart,  John.     Crown  Mines,  Ltd.,  P.  O.  Box  102,   Fordsburg.     Amalgamator. 

1909  Taggart,  Thomas.     Porges  Randfontein  G.  M.  Co.,  Ltd.,  Randfontein.     Mill  Manager. 

1909     Tayler,   Walker   Alfred    Charles.      Simmer    &    Jack    Proprietary   Mines,    Ltd,    P.    O.    Box    192, 
(Ass)C.  1908)  Germiston.      Cyanide  Foreman. 

1908  Taylor,    George  M.    (Corresponding   Member  of  Council).      Portland  Mill,   Colorado  Springs, 

Colorado,  U.S.A.     Mill  Superintendent. 

1905  Taylor,  Henry.      Raleigh  &  Hockey  Agency,  Ltd.,  P.  O.  Box  790,  Johannesburg.     Accountant. 
L902  Taylor,  John  Augustine.     Knights  Deep,  Ltd.,  P.  O.  Box  143,  Germiston.     Cyanide  Manager. 

1909  Taylor,  Robert  McGeown.     Cinderella  Deep,  Ltd.,  P.  U.  Box  75,  Boksburg.     Mill  Manager. 

1902  Taylor,  Wilfrid.      Three  Sisters  Mine,  via  Barberton.     Metallurgist  and  Assayer. 

1906  Tennant,  Aubrey,  M.E.     Lancaster  G.  M.  Co.,  Ltd.,  P.  O.  Box  347,  Krugersdorp.     Surveyor. 
1905     Tennant,  Vincent.    Glencairn  G.  M.  Co.,  Ltd.,  P.  O.  Box  191,  Germiston.     Amalgamator. 

1903  Tennent,    Bruce   Edward,    M.AusJ.M.E.      Witwatersrand   Deep,   Ltd.,   P.   O.   Box    5,   Knights. 

Metallurgical  Chemist. 

1907  Terry,  Charles  Warwick,  New  Found  Gut  Mine,  Gadzema,  Rhodesia.     Mining  Engineer. 

1908  Thomas,  Abram.     Simmer  k  Jack  Proprietary  Mines,  Ltd.,  P.  G.  Box  192,  Germiston.     Smelter 
(Assoc.  1902) 

1904  Thomas,    Frederic   J.     Surprise   G.    M.   Co.,   Ltd.,   Selukwe,    Rhodesia.       Chemist   and    Cyanide 
(Assoc.  L898)  Manager. 

1907     Thomas,  Harry   Musson.     City   A-   Suburban   G.   M.   Co.,   Ltd.,   P.   O.   Box  1026,  Johannesburg. 
Mining  Engineer. 

1902     Thomas,  James.     Mines  Department,  P.O.Box  1132,  Johannesburg,      inspector  of  Explosives. 

1898     Thomas,  James   Edward,   A.I.M.M.,    M.Am.I.M.E.    (Member   of   Council).     Simmer  Deep,  Ltd., 
Vssoc.  1898)         p.  O.  Box  178,  Germiston.     Reduction  Works  Manager. 


Li.-:/   of  Mi ■■iiiln  rs. 


Year  of 
Election. 


1899     Thomas,  James  Frederick,  A.I.M.M.     Ginsberg  G.  M.  Co.,  P.  O.  Box  16,  Knights.     Mine  Manager. 

1908  Thomas,  John.     Cyanide  Manager.     (Address  wanted.) 
(Assoc.  1905) 

1904     Thompson,  George  de  Roos.     Consolidated  Langlaagte  Mines   Ltd.,   P.    O.   Box    15,   Langlaagte. 

Cyanide  Manager. 
1899     Thomson,  Samuel  Clifton,  M.I.M.M.       Messrs.  S.  Neumann  k  Co.,  P.  O.  Box  485,  Johannesburg. 
-    Mining  Engineer. 

1909  Thorburn,  John  Mackay.      Heymann's  Laboratories,  Fox  Street,  P.  O.    Box   3427,   Johannesburg. 
(Assoc.  1908)  Analytical  Chemist. 

1  903     Thurlow,  John  Robert,  A.I.M.M.     Village  Deep,  Ltd.,  P.  ( ).  Box  1 145.  Johannesburg.   Metallurgist, 

1903  Thurston,   George  H.,    A.S.M.E.      Consolidated   Gold    Fields   of   S.   A.,    Ltd.,    P.    O.    Box  1167, 

Johannesburg.     Assistant  Consulting  Mechanical  Engineer. 

1906  Tippett,  John  M.       Portland   G.   M.   Co.,    Colorado  Springs,    Colorado,    U.S.A.     Chief   Chemist 

and  Assay er. 
1909     Tonnesen,  Karl  Oscar,  C.E.      Knight  Central,  Ltd.,  P.  O.  Box  6647,  Johannesburg.     Construction 
Engineer. 

1908  Tonnesen,  Otto  Stuhaug.     East  Rand  Proprietary  Mines,  Ltd.,  4  London  Wall  Buildings,  London, 

E.C.     Mine  Surveyor. 

1909  Toombs,     Christopher.        East     Rand    Proprietary    Mines,    Ltd.,    P.    O.    Box    159,    East    Band. 
Assoc.  I 906)  Metallurgical  Chemist. 

1907  Torin,  Richard  M.,  A.I.M.M.     P.  O.  Box  28,  Benoni.     Mining  Engineer. 

1902     Torrente,  Miguel.     P.   O.  Box  1891,  Johannesburg.     Consulting  Metallurgist. 
(Assoc.  1897) 

1899     Townsend,  Edward  Charles,  A.I.M.M.     Cyanide  Manager.     (Address  wanted.) 

1902      Trevor,  Tudor  G.      Mines  Department,  P.  O    Box  401,  Pretoria.      Inspector  of  Mines,  Transvaal. 

1904  Truscott,    Samuel    John,    A.R.S.M.,   M.I.M.M.,   F.G.S.   (Life  Member).     65   Aberdare   Gardens, 

(Assoc.  1902)  South  Hampstead,  London,  N.W.     Mining  Engineer. 

1906     Turner,  Arthur  Harold.      Luipaardsvlei  Estate  &   G.    M>  Co.,    Ltd.,    P.  O.  Box  53,    Krugersdorp. 
Cyanider. 

1905  Turvey,  William  Edward.     P.  O.  Box  192,  Germiston.      Mining  Engineer. 

1909     4" wining,  David  Hopkins.     Rosetta  Sheba  G.  M.  Co.,  P.  O.  Box  136,  Barberton.      Mine  Captain. 

1902  Upton,  Prescott,   A.I.M.C.E.,   M.I.M.E.,    F.S.A.,    F.I.S.     Mining  Engineer.      (Address   Wanted.) 

1903  Vaughan,  James  Evelyn,  A.R.S.M.,  A.I.M.M.      P.  O.  Box  204,  Boksburg.      Deputy  Inspector  of 

Mines. 
1901     Veasey,  John  Herbert,  A.I.M.M.     Gaika  Mine,  Que  Que,  Rhodesia.     Manager. 

1904  Viney,  Arthur  Donald,  B.Sc.     P.  O.  Box  3233,  Johannesburg.     Assayer. 
(Assoc.  L903) 

1903     Visser,  Wilhelmus  Hendrikus.      Johannesburg  Consolidated  Investment  Co.,   Ltd.,  P.  < ).  Box  231, 
Johannesburg.     Mining  Engineer  ;md  <  lovernment  Land  Surveyor. 

1905  Wade,  Richard  Armytage.     P.  O.,  Bulawayo.  Rhodesia.      Surveyor. 
1907     Walker,  John  Fairfax.      P.  O.  Pox  30,  East  Hand.     Tube   Mill    Foreman. 

1907     Wallace,  Alexander.    Robinson  Deep  G.  M.  Co.,  Ltd.,  1'.  <  >.  Pox  1488,  Johannesburg.      Bug 

1909     Walsh,  Peter  Arthur.     Ferreira  Deep,  Ltd.,  P.O.  Box  2473,  Johannesburg.     Engineer. 

1901     Ward,  Joseph  Philip.      Aurora   West  G.    M.    Co.,    Ltd.,    P.    <  >.    Box    26,    Maraisburg.      Mine 
Manager, 
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L899     Warren,  Howard.     Village  Main    Reef  G.  M.  Co.,  Ltd.,  P.  O.  Box  1091,  Johannesburg.     Mining 
Engineer. 

1908  Warwick,   John   Abraham,    D.S.O.      Bush   Tick   Mines,   Ltd.,    Private  Bag,  Bushtick  Siding,  via 

Bulawayo,  Rhodesia.      Mining  Engineer  and  Mine  Owner. 
1903     Wason,  Hugh,  A.G.T.C.     East  Bind  Proprietary  Mines,  Ltd.,  P.  O.  Box  37,  East  Rand.     Assayer. 
1903     Watson,  Edward  South.     Simmer  &  .lack  East,  Ltd.,  P.  O.  Box  47,  Germiston.     Mine  Sampler. 
1903     Watson,  Frederick   William,    B.ScT,    F.I.C.     Consolidated  Goldfields  Laboratory,  P.  O.  Box  108, 

Germiston.     Analytical  Chemist. 

1909  Watson,  James  Henry  Arnand.     Robinson  Deep  G.  M.  Co.,  Ltd.,  P.  O.  Box  1488,  Johannesburg. 

Electrician. 
1897     Watson,  John,  F.I.C.  (by  Exam.).     City  &  Suburban  Estate  &  G.  M.  Co.,  Ltd.,  P.   O.  Box  1026, 
Johannesburg.     Chief  Assayer  and  Chemist, 

1908  Wav,  Edward  John,  M.I.M.M.,  A.M.I.C.E.     Kleinfontein  Group,  Benoni.      Consulting  Engineer. 

1901  Wayne,  Thomas  Henry  Babington.     Claremont  Mine,  Insiza,  Claremont   private  bag,   Bulawayo. 

Metallurgist, 
1899      Webb,  Harry  Howard,  M.l.M.M.      <  Jonsolidated  Gold  Fields  of  S.  A.,  Ltd.,  8,  Old  Jewrj^,  London. 
Mining  Engineer. 

1909  Webb,  Herbert  Douglas.      Simmer  Deep,  Ltd.,  P.  O.  Box  178,  Germiston.      Cyanider. 

1895     Webber,  George  Edward.  M.l.M.M.     Band  Mines,  Ltd.,  P.  O.  Box  1056,  Johannesburg.     General 

Manager. 
1909     Webster,  David.      Bobinson  Deep  G.  M.  Co.,  Ltd.,  P.  O.  Box  6316,  Johannesburg.     Electrician. 

1902  Weiskopf,  Erich,  Ph.  1).     Dynamite  Factory,  Modderfontein.     Chief  Laboratory  Chemist. 

1907  Welch,  J.  O.     P.  O.  Box  1935,  Johannesburg.     Foreman  Timberman. 

1909     Wells,  Frank.      Bobinson  Deep  G    M.  Co,  Ltd.,  P.  O.  Box  1488,  Johannesburg.     Amalgamator. 
1909     Wernher,  Sir  Julius  C,  Bart.      1,  London  Wall  Buildings,  London,  E.C.     Financier. 
1909     Wessels,  Johannes  Jacobus.     Nigel  Deep,  Ltd.,  P.  O.  Box  50,  Nigel.     Mining  Engineer. 

1908  Weston,  Eustace  Moriarty.     McCreedj  Tin  Mines,  Ltd.,  Mbabane,  Swaziland.     Mine  Manager. 
(  ^ssoc.  1904) 

1905     Weston,  Robert  Ogilvy,  M.l.M.M.     Globe  &  Phoenix  G.   M.   Co.,   Ltd.,   Que  Que,   Rhodesia. 

Engineer  and  Mill  Manager. 
L897     Whitby,  Arthur  (Member  of  Cowkcil),     Assay  Offices,   10,  Simmonds  Street,   P.   O.  Box  849, 

Johannesburg.     Chemist  and  Assayer. 

L895     White,  Franklin,  M.l.M.M.     P.  O.  Box  669,  Bulawayo,  Rhodesia.     Consulting  Mining  Engineer. 

1897     White,  Henry  Arthur  (Member  of  Cowmil).     May  Consolidated  G.  M.  Co.,  Ltd.,  P.  O.  Box  50, 
Germiston.     Reduction  Works  Manager. 

1903  Whyte,  Percy  II.  M.     P.  O.  Box  679,  Johannesburg.     Cyanide  Foreman. 

1904  Wiley,  Harry.     Selukwe  G.  M.  Co.,  Ltd  ,  Selukwe,  Rhodesia.     Shift  Boss. 
1907     Wight,  A.     Randfontein  Estates  &  G.  M.  Co  ,  Ltd.,  P.  O.  Box  2,  Randfontein. 

1904  Wilkinson,   Arthur.      Village   Main   Beef   G.  M.  Co.,  Ltd.,  P.  O.  Box  1091,  Johannesburg.     Mill 

Foreman. 

1903     Wilkinson,  David,   M.l.M.M.     Messrs.   S.  Neumann   &   Co.,   241,  Salisbury  House,  London,  E.C. 
Mining  Engineer. 

1902     Wilkinson,  James  Alfred,  M. A.  (Cantab.),  E.C.S.   (Member  oj    Gowmcil).     Transvaal  University 
College,  P.  O.  Box  1 176,  Johannesburg.     Professor  of  Chemistry. 

1897     Wilkinson,  W.  Fischer,  M.l.M.M.      I .">,  Threadneedle  Street,  London,  E.C.     Mining  Engineer. 

1905  Williams,  Alphens  Euller,  B.Sc,  A. S.M.E.,  A. I.M.M.,    A.l.M.E.      De   Beers   Consolidated  Mines, 

Ltd.,  Kimberley.     General  Manager. 


List  of  M<  mhers. 


Bear  of 
Election. 


1902  Williams,  Gerard  W.,   A.I.M.M.,    F.C.S.    (Corresponding  Member   of  Council),     c/o   London 

Times,  Falmouth  Chambers,  Pitt  Street,  .Sydney,  New  South  Wales,  Australia.  Analytical 
Chemist  and  Metallurgist. 
1894     Williams,  John  Eichard,  M.I.M.M.,  M.I.M.E.,  M.Am.I.M.E.  (Past  Presklmt  «,„1  Life  M<  ,„',■,■,. 
c/o  Standard  Bank  of  S.  A.,  10  Clements  Lane,  EC.     Consulting  Metallurgist. 

1908  Williams,  Richard   St.   John   Barnard.     Hauser  Tribute  Co.,    P.    O.    Box    160,    Johannesburg. 

Manager. 

1909  Williams,  Walter  Owen.      Meyer  k  Charlton  G.  M.  Co.,  Ltd.,   P.   O.   Box   1127,  Johannesburg. 
(Assoc.  1902)  Cyanide  Manager. 

1908     Williamson,  Robert.     Ylei  Street,  Luipaardsvlei  Township,  Krugersdorp.     Tube-miller. 

1906     Williamson,   William  Duncan,   M.I.M.M.,  M.Am.I.M.E.      Mount  Boppy  G.  M.  Co.,  Ltd.,  Boppy 

Mountain,  New  South  Wales,  Australia.     Metallurgical  Engineer 
1908     Willis,  Harry  Thomas,  A.I.M.M.     Champaign,  111.,  U.S.A.     Mining  and  Metallurgical  Engineer. 
1908     Wilmoth,  Leslie  James,  A.I.M.M.     Simmer  &  Jack   Proprietary,    Mines,   Ltd.,   P.    O.   Box   192, 
(Assoc.  1905)  Germiston.     Assayer. 

1906     Wilson,  Lyell  Newton.     Nigel  Deep,  Ltd.,  P.  O.  Box  50,  Nigel.     Cyanider. 

1898  Wilson,  Nathaniel,  D.S.O.,  M.I.M.E.,  M.Am.I.M.E.      2,    East  India   Avenue,   Leadenhall  Street, 

London,  E.C.     Consulting  Mechanical  Engineer. 

1903  Winckworth,  AVilliam  Henry,  Treasury  G.  M.,  Ltd.,  Cleveland.     Cyanider. 

1903  Winslow  Gilbert,  B.A.  (Cantab.),  A.I.M.M.,  A.M.I.CE.,  (Life  Member).     Messrs.  Golden  Read, 

Forde  &  Co.,  75,  Aldermanbury,  London,  E.C.     Mining  Engineer. 
1905     Wisdom,  George  Edward.     Yankee  Doodle  Mine,  Selukwe,  Rhodesia.     Metallurgist. 

1899  Wormald,  Robert,  M.I.M.E.     Worcester  Exploration  &  G.  M.  Co.,  Ltd.,  P.  O.  Box  85,  Barberton. 

Mining  Engineer  and  Manager. 
1908     Wyndham,   Herbert  Henry.     Aurora  West  United  G.  M.  Co.,   Ltd.,   P.  O.  Box  26,  Maraisburg. 
Cyanide  Manager. 

1899     Yates,  Arthur,   M.I.M.M.    (Correspond mg  Member  of  Council).       Lebong  Donok,   Benkoelen, 

Sumatra,  Dutch  East  Indies.     Metallurgist. 
1896     Yates,    John,   A.R.S.M.,   M.I  M.M.,    F.G.S.   (Past  President).      Transvaal    University  College, 

P.  O.  Box  1176,  Johannesburg.     Mining  Engineer. 

1904  Yeatman,  Pope,  M.E.,  M.I.M.M.,  M.Am.S.C.E.,  M.Am.I.M.E.       Room  1714,  No.  165,  Broadway, 

New  York,  U.S.A.     Mining  Engineer. 
1904     Yule,    James    Alexander,     Langlaagte   Estate  &  G.    M.   Co.,    Ltd.,   P.    O.   Box    98,  Langlaagte. 
Mechanical  Engineer. 
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1909     Adams,  Angus  Robert.     Lancaster  West  (J.  M.  Co.,  Ltd.,  P.  O.  Box '560,  Kxugersdorp.     Assistant 

Assayer. 
1899     Alderson,  George.     Globe  and  Phoenix  G.  M.  Co.,  Que  Que,  Rhodesia.      Mine  Secretary. 
1908     Allan,  John  Richard.     Village  Dee[>,  Ltd.,  Barnes  Road,  Brixton,  Johannesburg.      Miner. 

1903  Allingham,  John,  A.I.M.M.     San  Pedro  Guanacevi,  Durango,  Mexico.     Cyanide  Manager. 

1897  Ancarani,  Henri.      78,  Rue  d' Amsterdam,  Paris,  France.     Managing  Director. 

1902     Anderson,  Alexander  Gillies,  A.I.M.M.    Witwatersrand  Deep,  Ltd.,  P.  O.  Box  5,  Knights.     Metal- 
lurgical Chemist. 

1908     Anderson,  James  Stuart,      c/o  A.  J.  Barlow,  Sainox,  Victoria  Road,  Eccles,  Manchester,  England. 
Reduction  Officer  and  Cyanide  Chemist. 

1908  Anderson,  Robert.      East  Rand  Proprietary  Mines,  Ltd.,  P.  ().  Box  30,  East  Rand.     Tube-miller. 

1908  Anderson,  William.     Antelope  Mine,  Matopos,  Rhodesia.      Surveyor. 

1906  Andrews,  Alan  A.     Forbes  Reef,  Swaziland.     Cyanider. 

1898  Andrews,  Thomas  William.     Louws  Creek,  per  private  bag,  Barberton.      Mine  Owner. 

1898  Angus,  Thomas.      Civil  and  Mining  Engineer.      (Address  wanted). 

1905  Arderne,  Ralph  Alexander  Sandilands.      Bon  Accord  Mine,  Greylingstad.     Cyanider. 

1908  Aspland,  Christopher  Hatton.     Simmer  Deep,  Ltd.,  P.  O.  Box  178,  Germiston.      Mine  Surveyor. 

1906  Atkinson,  John.     (Address  wanted.)     Cyanider. 

1907  Ayers,  Gilbert  Frederick.      B.S.A,  Explosives  Co.,  Dynamite  Factory,  Modderfontein.       Chemist. 

1906  Baker,  Harold  Edward,  A.R.S.M.      Veracity  Mine,  Lower  Gwelo,  Rhodesia.     Cyanider. 

1909  Barrett,  Sidney  Stephen.     Sheba  G.  M.  Co.,  Ltd.,  Eureka.     Amalgamator. 

1904  Barry,    Ernest    Albert.       Knights    Central,  Ltd.,    P.  O.  Box    91,    Germiston.       Mine     Captain's 

Assistant. 

1905  Bawden,    Livingstone  Booth  Lawry.     Witwatersrand   G.   M.   Co.,    Ltd.,  V.   O.    Box  1,  Knights. 

Assayer. 

1907  Bayly,  Charlton  F.     Knight's  Deep,  Ltd.,  P.  O.  Box  143,  Germiston.      Mill  Foreman. 
1909     Bell,  Guy  Folkard.     Ferreira  Deep,  Ltd.,  P.  O.  Box  5977,  Johannesburg.     Cyanider. 

1904  Bell,  Septimus  Walter,   B.Sc,  A.I.M.M.     Ashanti  Goldrields    Corporation,    Ltd.,    Obuassi,    via 

Sekondi,  Gold  Coast  Colony.     Assayer. 

1909     Bell,  Trevor  Griffith.     Knights  Deep,  Ltd.,  P.  O.  Box  143,  Germiston.     Cyanider. 

1908  Bell,   Willoughby  George,   B  Sc.       Croesus  South   G.  M.  Co.,   Ltd.,   Kalgoorlie,   West  Australia. 

Metallurgist  and  Mine  Manager. 

1909  Berry,  William  James.    East  Rand  Proprietary  Mines,  Ltd.,  P.  O.  Box  66,  East  Rand.   Carpenter. 

1899  Bettel,  Arthur  Percy,     corner  Hay  and  Kennedy  Streets,  Turffontein.     Cyanider. 
1909     Bird,  Frank  Arthur.    Ancona  Cottage,  Ivy  Mine,  Barberton.     Cyanide  Manager. 

1905  Blomfield,  Alfred  Leslie,  B.C.E.  (Melb.),  M.Aus.I.M.E.,  M.Am.I.M.E.,  Golden  Cycle  Mining  Co., 

Colorado  Springs,  Colorado,  I'.S.A.      Mining  Engineer  and  Metallurgist. 

1906  Blyth,  William  Birch.     Great  Fmgall  G.  M.,  Ltd.,  Day  Dawn,  West  Australia.      Assayer. 

1905     Bolitho,  E.  J.     Nigel  G.  M.  Co.,  Ltd.,  1'.  ( ).  Box  20,  Nigel. 

1904     Bosanquet,  Florian  Gustavus,   Li.Sc.     c/o  Rev.  G.  Bosanquet,  Lyde  Vicarage,  Hereford,  England. 
Assayer. 


List  oj  Associates. 


Year  of 
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1908     Bowyer,  James.     Ea.st  Hand  Proprietary  Mines,  Ltd.,  P.  O.  Box  131,  East  Hand.     Mill  Foreman. 

1908  Blading,  Thomas.     Veetis  Reef,  P.  O.  Colleen  Bawn,  Gvvanda,  Rhodesia.     Miner. 
1897     Brangham,  A.  F.     193,  Mackintosh  Place,  Roath  Park,  Cardiff. 

1907  Brazier,  Henry.      Crown  Mines,  Ltd.,  P.  O.  Box  102,  Fordsburg.     Cyanider. 

1905  Brickhill,  Hector  Gordon.     Nigel  Deep,  Ltd.,  P.  O.  Box  50,  Nigel.     Mining  Engineer. 

1909  Bridgers,  Marcus  Milton.     Sheba  G.  M.  Co.,  Ltd.,  Eureka.     Ore  Roaster. 

1899      Brodigan,  Charles  Bernard.     Brakpan  Mines,  Ltd.,  P.  O.  Pox  2,  Brakpan.     Mine  Manager. 
1901     Brown,  Arthur  Henry,  M.E.,  M.Am.I.M.E.    133,  Kent  Street,  London,  Ont ,  Canada.   Metallurgist. 

1908  Brown,  William  Sinclair,  M.I.M.M.     Lebong  Soelit,  Ketaun,  via  Benkoelen,  Sumatra,  Dutch  East 

Indies.     Metallurgist. 

1907  Brown,   William   Waugh.     Mysore  G.  M.  Co.,   Ltd.,   Marikuppam,   Mysore  State,   India.     Chief 

Reduction  Officer. 

1909  Browne,  Claude  Melville,  Cinderella  Deep,  Ltd.,  P.  O.  Box  75,  Boksburg.     Cyanider. 
(Stod.  1908) 

1908  Brunton,  Charles.     Theta  G.  M.  Co  ,  Ltd  ,  Que  Que,  Rhodesia.     Cyanider. 

1908  Bullock,  Laurence  N.B.     Butters  Copala  Mines,  Copala,  Estado  de  Sinaloa,  Mexico.   Metallurgist. 

1906  Burmester,    Gustav.     B  S. A.  Explosives    Co.,  Ltd.,    Dynamite    Factory,    Modderfontein.       Chief 

Engineer. 

1907  Burrows,  William  Edmund.      Crown  Mines,  Ltd.,  P.  O.  Box  53,  Fordsburg.     Amalgamator. 

1905  Burt,  Edwin.     El  Oro  Mining  and  Railway  Co.,  Ltd.,  El  Oro,  Estado  de  Mexico,  Mexico. 
1907     Burt,  Wilfrid.      Wanderer  Mine,  Selukwe,  Rhodesia.     Sampler. 

1907     Cameron,  Lindsay  Duncan.     Greenmount  Mines,  Southern  Cross,  West  Australia.     Metallurgist. 
1907     Cameron,    Sidney   James.      Robinson   Deep  G.  M.  Co.,  Ltd.,    P.    O.    Box   2772,  Johannesburg. 
Assistant  Assay er. 

1906  Campbell,    Hugh.       Luipaardsvlei    Estate    and    G.  M.  Co.,    Ltd.,   P.    O.    Box   53,    Krugersdorp. 

Amalgamator. 

1*98  Carbis,  William.     Sheba  G.  M.  Co,  Ltd.,  Eureka.     Battery  Manager. 

190  1  Cardwell,  Robert  Holgate.     Lizant  Rectory,  Launceston,  Cornwall.     Mine  Sampler. 

1903  Carter,  James  Wilton,      (Address  wanted.)     Assistant  Assayer. 

1909  Cawthorne,  John  Russell.     Cinderella  Deep,  Ltd.,  P.  O.  Box  82,  Boksburg.     Amalgamator. 

1906  Chappie,  Albert  John  Morphett,   A.I  M.M  ,   M.Aus.I.M.E.      Occidental   G.  M.  Co.,   Cobar,   New 

South  Wales.     Metallurgist. 

1909     Chomley,  William  Burgh.     Day  Dawn,  West  Australia.     Cyanider. 

1909     Clarence,  John  Vaughan  Gerald.     Meyer  and  Charlton  G.  M.  Co.,  Ltd.,  P.  O.  Box  1127,  Johan- 
(Stud.  1906)  nesburg.      Mining  Engineer. 

1904  Clark,  Allan  Jay,  P.M.,  M.I.M.M.,  M.Am.I.M.E.     Eomestake  Mining  Co.,  Ltd.,  P.  O.  Pox    IS1, 

Lead,  South  Dakota,  U.S.A.     Chief  Assayer  and  Reduction  Officer. 

1903     Clayton,    Robert    Henry,    B.Sc.       Manchester    Oxide    Co.,    Ltd.,  Canal    Street,    Miles    Platting, 
Manchester,  England.     Chemist. 

1901     Clennell,  John    Edward,  B.Sc.  (Lond.),  A.l  M.M.     6,  Great  James  Street,  Bedford  How,  London, 
W.C.      Metallurgical  Chemist. 

1909     Coalbank,  Vincent  Richards.     Cinderella  Deep,  Ltd.,  1'.  0.  Box  75,  Boksburg.     Cyanider. 

1907  Cochran.'.  A.  ( '.      Block  "A,"  I'.  I  >.  Box  l'">.  Randfontein.    Sampler. 

1906  Coe,    Walter    Charles.      The    Rowdy    Boys    Mine,    near     Eldorado,    South     Rhodesia.       Mine 

Manager. 

1907  Cogle,  Charles  Thomas.      New  kleinfontein  Cu.,  Ltd.,  P.  O.  Pox  2,  Benoni.      Mining  Engineer. 
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1898     Comrie,  Alexander.      Rosalind  Mine,  Essexvale,  South  Rhodesia.     Cyanide  Manager. 
1909     Cook,  Basil.     Vogelstruis  Consolidated  Dee}),  Ltd.,  P.  O.  Bix  3,  Florida.     Assayer. 

1897  Cook,  Junius  F.    Messrs.  S.  Neumann  &  Co.,  P.  O.  Box  485,  Johannesburg.   Mechanical  Engineer. 

1898  Coppin,  Joseph Tuman.    South  Ran dfontein  G.'  M..  Co.,  Ltd.,  P.  O.  Box  18,  Randfontein.  Cyanide 

.Manager. 

1907     Cox,  Charles  Thomas.    East  Rand  Proprietary  Mines,  Ltd.,  P.  O.  Box  66,  East  Rand.     Cyanider. 

1909     Crea,  John  M.     Simmer  and  Jack   Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston.     Tube- 
miller. 
1898     Cribbes,  George  C.     Robinson  Randfontein  G.  M.  Co.,  Ltd.,  Randfontein.     Cyanider. 
1906     Crocker,  Cecil  John.      Knights  Deep,  Ltd.,  P.  O.  Box  143,  Germiston.     Cyanider. 
1905     Cronin,  John.     P.  O.  Box  4800,  Johannesburg.     Cyanider. 


1905  Daniels,  Ivor  Charles.     Rose  of  Sharon  and  Shamrock  G.  M.,  Ltd.,  Gwelo,  Rhodesia.     Assayer. 
1899  Davidson,  John.    New  Unified  G.  M.  Co.,  Ltd  ,  P.  O.  Box  5,  Maraisburg.     Cyanider. 

1906  Davidson,  John  Lindsay.     The  Eiffel  Blue  Mine,  Gatooina  Siding,  Rhodesia.     Cyanide  Manager. 
1904  Davis,  Robert.      Waterfall  Syndicate  Mill,  Penhalonga,  Rhodesia.      Mill  Manager. 

1897  Day,  Alfred  Moggridge.     Roodepoort  United  Main  Reef  G.  M.  Co.,  Ltd.,  P.  O.  Box  115,  Roode- 

poort.     Cyanide  Manager. 

1904  Deakin,  Charles  Edward.     Messrs.  Deakin  &  Furnival,  Orchard  Chambers,  Church  Street,  Sheffield, 

England.     Amalgamator. 

1906  Dennehy,  Michael  John,     corner  Alexander  Road  and  Biccard  Streets,  Turffontein.     Cyanider. 

1903  Devenish,  Charles  William.    Roodepoort  Central  Deep,  Ltd.,  P.  O.  Box  114,  Roodepoort.  Assayer. 

1905  Dewar,   Charles   Lachlan.     Ferreira  G.  M.  Co.,  Ltd.,  P.  O   Box  3554,  Johannesburg.     Mill  Fore- 

man. 
1909     Dick,  Otto  Emile.    Geldenhuis  Deep,  Ltd.,  P.  O.  Box  54,  Cleveland.     Mill  Foreman. 
1909     Dickson,  Victor  Richard.     Cinderella  Deep,  Ltd.,  P.  O.  Box  75,  Boksburg.     Cyanider. 

1909      Dixon,    John   McKay.      Simmer  and   Jack    Proprietary   Mines,   Ltd.,  P.  O.  Box  192,   Germiston. 
Assistant  Mill  Foreman. 

1909     Donald,   Henry   Stone  Hutcheon.     Princess  Estate  and  G  M.  Co.,  Ltd.,  P.  O.  Box  112,  Roode- 
poort.    Mining  Engineer. 

1905     Dorr,  John   van  Nostrand,   B.Sc,   A.I.M.M.,  M.Am.I.M.E.     204,  Bank  Block  Buildings,  Denver, 
Colorado,  U.S.A.     Metallurgical  Engineer. 

1908     Dowling,  Arthur  Edward.     East  Rand  Proprietary  Mines,  Ltd.,  P.  O.  Box  66,  East  Rand.     Mill- 
wright. 
1908     Dowling,  Douglas.      Robinson  Deep  G.  M.  Co.,  Ltd.,  P.  O.  Box  1488,  Johannesburg.     Cyanider. 

1908  Dowsett,  Charles  William.     Knights  Central  G.  M.  Co.,  Ltd.,  P.  O.  Box  91,  Germiston.   Cyanide 

Foreman. 

1904  Dudgeon,  William  Francis  Henley.     Consolidated  Gold  Fields  of  South  Africa,  Ltd.,  P.  O.  Box  67, 

Bulawayo.      Mining  Engineer. 

1909  Duncan,  William  Scott.      East  Rand  Proprietary  Mines,  Ltd.,  1'.  O.  Box  66,  East  Rand.      Fitter. 

1907  Dunnachie,   William  James  Ninnno.     Consolidated   Langlaagte  Mines,  Ltd.,  P.  O.  Box  15,  Lang- 

laagte.      Sampler. 

1909     Durell,  Harold  Lancelot  Vavasour.    East  Rand  Proprietary  Mines,  Ltd.,  P.  O.  Box  65,  East  Band 
Surveyor. 

1898  Durham,  Benjamin  Walter.     Bushtick  Mines,  Ltd.,  via  Bulawayo.     Metallurgist. 
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1908     Easten,  Gordon   Travers.     East  Rand  Proprietary  Mines,  Ltd.,  P.  O.  Box  94,  East  Rand.     Tube 
Mill  Foreman. 

1906     Edginton,  David,  Simmer  and  Jack  Proprietary  Mines  Ltd.,  P.  O.  Box  192,  Germiston.     Amalga- 
mator. 

1905  Ellis,  Bernard.       New  Rietfontein  Estate  G.  M.  Co.,  Ltd.,  P.  O.  Rietfontein  Mines.     Sampler. 

1906  Evans,  Albert  Charles.     Tbeta  Mine,  Que  Que,  Rhodesia.     Secretary. 

1898     Evans,  Samuel.     Messrs.  H.  Eckstein  it  Co.,  P.  0.  Box  1067,  Johannesburg.     Director  of  Com- 
panies. 

1898     Evans,   Walter   Bowen,    M.I.M.M.     Victorian   Cornish   Gold   Mines,    Ltd.,   Daylesford,  Victoria, 
Australia.     Metallurgical  Chemist. 


1904     Ferguson,  Archibald  McAulay.     20a,  Johannes  Street,  Troyeville,  Johannesburg.      Civil  Engineer 
and  Surveyor. 

1903  Fiander,  Robert.      Geldenhuis  Estate  and  G.  M.  Co.,  Ltd.,  P.  O.  Box  5,  Cleveland.     Cyanider. 
1906     Finlay,  Norman  Walker.     Geldenhuis  Deep,  Ltd.,  P.  O.  Box  54,  Cleveland.     Cyanider. 

1906  Fletcher,  Harold  Clarkson.      P.  O.  Box  224,  Bulawayo,  Rhodesia.     Mechanical  Engineer. 

1908  Foote,  Arthur  B.,  Jr.      North  Star  Mine,  Grass  Valley,  California,  U.S.A.      Mining  Engineer  and 

Superintendent. 

1909  Fox,    George   William.     Simmer   and  Jack   Proprietary  Mines,   Ltd.,  P.  O.  Box  192,  Germiston. 

Cyanider. 

1907  Fox,  Herbert  W.    United  States  Reduction  and  Refining  Co.,  Colorado  Springs,  Colorado,  U.S.A., 

Superintendent. 

1904  Francis,  William.     South  Arab  Mine,  Penhalonga,  Rhodesia.     Manager. 

1908  Freusberg,   Adolph.       Mynbouw   Maatschappij    "Siman,"  Lebong  Tandai  (Ketaun),  West  * 

Sumatra,  Dutch  East  Indies.     Assayer. 

1897     Fricker,    Robert    George.     Consolidated    Gold    Fields  -  of   S.A.,  P.    O.   P>ox  498,  Johannesburg. 
I  >irectoi  of  ( Jompanies. 


1905  Gemmell,  David.     Transvaal  G.  M.  Estates,  Ltd.,  Pilgrims  Rest.     Cyanider. 

1908  Gepp,  Herbert  William,  A.I.M.M.    de  Bavay  Treatment  Co.,  Ltd.,  Broken  Hill,  NewSouth  Wales. 

Chemist. 

1907  Gerardy,  Baron  George.     Simmer  and  Jack  Proprietary  Mines,  Ltd.,  P.  ( ).  Box  192,  Germiston. 

1906  Gibb,  John  Alexander  Philip,  A.I.M.M.      Anglo-French  Exploration  Co.,  Ltd..    P.O.Box  2927, 

Johannesburg.     Mine  Surveyor. 

1897     Glbbings,  George  William,    F.C.S.      Standard    Bank  of  S.A.,  Ltd.,  P.  O.  Box  190,  Salisbury, 
Rhodesia.     Bank's  Assayer. 

L898     Gibson,  James,  M.I. M.E.,  A. S.M.  (Ballarat).     Geldenhuis  Deep,  Ltd.,   P.   O.    Box  5  I.  Cleveland. 
Engineer  and  Surveyor. 

1904  Graham,  William  Hastie.     Gaika  Mine,  Queque,  Rhodesia.     Cyanide  Manager. 

1902     Gray,  .lames  Wensley.     Wailii  G.  M.  Co.,  Ltd.,  Waihi,  New  Zealand.     Metallurgical  Chemist. 

Greathead,  Cyril  Harding.    Simmer  and  Jack  Proprietary  Minis,  Ltd.,  P.  ( >.  Box  192,  Germiston. 
Shift  I! oss. 

1909  Greig,     Douglas    William.       B.S.A.    Explosives  Co.,  Ltd.,    Dynamite     Factory,     Modderfontein. 

Technical  Chemist. 

1908  Grierson,  Norman  Victor.      Higginsville,  Western  Australia.     Metallurgist  ami  Mining  Engineer. 

1905  Gross,  John,    P.M.,    M.Am.l.M.E.     417,   Jackson    Building,  Denver,  Colorado,  U.S  A.     Mining 

and  Metallurgical  Engineer, 
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1903     Grumitt,  P.  H.     J'.  O.  Box  1677,  Johannesburg.     Cyanider. 


1908     Halford,  James  Edward.      Midas  Deep  G.  M.  Co.,  Randfontein.     Amalgamator. 

1898     Hall,  William  Frederic.     Wanderer  Gold  Mines,  Ltd.,  Selukwe,    Rhodesia.      Assayer  and  Cyanide 

.Manager. 
1902     Hamill,  James  Clark.     New  Primrose  G.  M.  Co.,  Ltd.,  P.  O.  Box  193,  Germiston.     Cyanider. 

1897  Hamilton,    Edward   Montague,    B.A.    (Oxon.),    M.I.M.M.       Messrs.    Charles    Butters  A:  Co.,  333, 

Kearney  Street,  San  Francisco,  Cal.,  C.S.A..     Consulting  Metallurgist. 

1906  Hamilton,  William.     45,  Scarsdale  Villas,  Kensington,  London,  W.     Mining  Engineer. 
1908     Hanna,  Joseph.     Treasury  G.  M.,  Ltd,  Cleveland.     Cyanider. 

1902  Hardy,  James  Gordon,  F.C.S.,  M.Am.I.M.E  ,  A.I.M.M.      Dolores  Mining  Co.,  Dto.  Guerrero,  San 

Isidro,  Chihuahua,  Mexico.      Manager,  and  Mining  and  Metallurgical  Engineer. 

19()G      Harrison,  Oliver.      East  Rand  Proprietary  Mines,  Ltd.,  P.  O.  Box  94,  East  Band.      Cyanider. 
1904     Hart,  James  Arthur.     London  «fc  S.  A.  Agency,  Ltd  ,  P.   O.  Box  765,  Johannesburg.     Mechanical 
Engineer. 

1908  Hauton,  George.     Union  Club,  Eloff  Street,  Johannesburg.     Mill  Manager. 

1907  Hawthorne,  James  Winchester.     Kerang,  Victoria,  Australia.     Chief  Sampler. 
190<i     Hay,  Alexander,     c/o  Bank  of  Africa,  Johannesburg.     Cyanider. 

L904      Heeley,  Alec  William.     Crocodile  Reef,  Essexvale,  Rhodesia.      Mine  Surveyor. 

1903  Hiddleston,  John.     Langlaagte  Estate  &  G.  M.  Co.,  Ltd.,  P.  O.  Box  140,  Fordsburg.     Cyanider. 

1903     Hill,  John  Whitelaw.    26  Newark  Drive,  Pollockshields,  Glasgow,  Scotland.      Analytical  Chemist 
and  Metallurgist. 

1907     Hogenraad,    Gerard    Bernard.       Gold    Exploration    Co.,    Lebong    Kandis,    via     Tost    Ketahoen, 

Benkoelen,  Sumatra,  Dutch  East  Indies.      Mining  Engineer. 

1898  Homersham,  Edwin  Collet,  M.I.M.M.     Randfontein  Estates,  Ltd.,  Randfontein.      Mining  Engineer. 

1898  Hopkins,  Herbert  William.     Waihi  G.  M.  Co.,  Auckland,  New  Zealand.     Metallurgist. 

190!)     Hopkins,  Joseph  Huxley.     Consolidated  Rand  Brick,  Pottery  &  Lime   Co.,   Ltd.,    P.  O.  Box  609, 
Johannesburg.      Business  Manager  and  Secretary. 

1899  Hunt,  Bertram,  FT. G,  M.Am.I.M.E.,  M.I.M.M.      709    Mills  Buildings,  San  Francisco,  California, 

U.S.A.     Analytical  Chemist  and  Metallurgist. 

1909  Hunter,    William    John    Russell.      Simmer  and   .lack    Proprietary    Mines,    Ltd.',    P.    O.  Box    192. 

Germiston.      Cyanider. 


1907  Ingle,  Frederick  Charles  William.     Cyanider.     (Address  wanted.) 

1908  Ingram,  John.     Durban  Etoodepoort  G.  M.  Co.,  Ltd.,  Roodepoort,   P.   O.   Box    111,   Roodepoort. 

Assayer. 

1905  Irwin,  Harold  Beresford.   Niwri,  Armstrong  Street,  N.,  Ballarat,  Victoria.  Australia.   Amalgamator. 

1904  Jackson,  George  Thomas.     Alaska  Perseverance  Mine,  Juneau,  Alaska,  U.S.A.    Assistant  Manager. 

1898     James,  Alfred,  M.I.M.M.,  F.G  S.      2,  Broad  Street   Place,  Loudon,  EC.       Consulting  Mining  and 
Metallurgical  Engineer. 

1903     Jameson,  Charles  Godfrey.     Jumpers  Deep,  Ltd.,  P.  0.  Box  1,    Cleveland.      Mining   Engineer. 

1906  Jane,  Walter  Hooper.     Simmer  Deep,  Ltd.,  P.  O.  Box  178,  Germiston.     Amalgamator. 
1898     Jansen,  Henry.     Robinson  Randfontein  G.  M.  Co.,  Ltd.,  Randfontein.     Cyanide  Manager. 

1905  Jarvis,  William.     East  Rand  Proprietary  Mines,  Ltd.,  P.  0.  Box  66,  East  Rand.     Cyanider. 
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1906  Jenkins,   Charles  Warren    Bowen,    B.E.,   M.I.M.E.       Hill  view,    Turramurra,    New   South    Wales, 

Australia.      Mining  Engineer  and  Metallurgist. 

1904  Jennings,  T.  Bryant.      P.  O.  Box  1565,  Johannesburg.     Mining  Engineer. 

1909     Johnson,  Cecil  Bobert.     Simmer  and  Jack  Proprietary  Mines,  Ltd.,  P.    O.    Box   192,   Germiston. 
Cyanider. 

1898     Johnston,  James.     Butters'  Cupola  Mines,  30  Church  Street,  New  York,  U.S.A.     Engineer. 

1907  Jones,  George  Francis.     Beresford  Buildings,  Johannesburg.     Chemist. 
1909     Jones,  William  Thomas.     P.  O.  Box  28,  Pilgrims  Best.     Mine  Overseer. 

1907  Jones,  Wyndham  Arthur.     Gaika  Mine,  Que  Que,  Rhodesia.     Cyanider. 

1909     Jupp,  Herbert  Lauder.     French  Band  G.  M.  Co.,  Ltd.,  P.  O.  Box  30,  Luipaardsvlei.     Cyanider. 

1909     Kay,  Herbert  George,  Premier  Diamond  Mining  Co.,  P.O.  Box  182,  Premier  Mine.     Surveyor. 
1909     King,  Andrew.     Knights  Deep,  Ltd.,  P.  O.  Box  143,  Germiston.     Cyanider. 

1908  Kirkland,  Henry  George.     Geldenhuis  Deep.  Ltd.,  P.  O.  Box  54,  Cleveland.     Clerk. 

1902  Krause,  Herbert  Louis.  A  S.M.  (Ballarat).     Aurora  West  United  G,  M.  Co.,   Ltd.,    P.  O.  Box  26, 

Maraisburg.     Mining  Engineer. 

1898      Kyle,  John  'lullis.    Simmer  &  Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston.     Assayer. 

1906     Ladds,  Lawrence  Henry.     Bell  Mine,  Que  Que,  Bhodesia.     Cyanider. 

1905  Lakeland,  William  John.     Burma  Mines,   Ltd.,   Bawdwin.    via    Hsipaw,    X.   Shan  States,  Burma. 

Mining  Engineer. 

1905  Laret,  Harry.     Zeerust  Lead  Proprietary  Mine,  Ltd.,  P.  O.  Box  44,  Zeerust.     Mining  Engineer. 

1906  Lathbury,  Frank  Herbert.      P.  O.    Box   213    Bulawayo,   Bhodesia.     Mining  Engineer. 

1909  Lean,   Thomas   Frank  Bodgers.     Occidental   G.   M.    Co.,    Ltd.,   Lewis  Street,  Cobar,  New  South 

Wales.     Assayer. 
1 S97      Lee,  Ernest.      Crown  Mines,  Ltd.,  P.  O.  Box  1145,  Johannesburg.      Cyanider. 

1903  Leng,  Bobert  William.     30  Primrose  Hill,  Skinningrove,  Carlin  How,  B.S.O.,  England.      Miner. 
1909     Lewis,  Arthur.     Simmer  and  Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston.     Millman. 
1908     Lindberg,  Birger.      Mutual  Life  Office,  Helsingfors,  Finland.     Mining  Engineer. 

1908      Linton,  Bobert.      616  Bixel  Street,  Los  Angeles,  California,  U.S.A.      Metallurgist. 

1898     Locke,  Arthur  Nutter.     New  Modderfontein  G.  M.   Co.,   Ltd.,    P.  O.  Box  25,  Benoni.     Cyanider. 

1908  Lofts,  Horace  F.     [nglenook,  Bradford  Road,  Trowbridge,  Wilts,  England.     Metallurgist. 

1909  Loniberg,    Henry.     Simmer   and    Jack    Proprietary    Mines,    Ltd.,    1'.   ( ).    Box    192,    Germiston. 

Assistant  Smelter. 

1898     Lucke,  Percy  Kent,  A.I.M.M.     Apartado  320,  Monterrey,  Mexico.     Surveyor  and  Assayer, 

190'J     Macaulay,  Murdo.      Mount  Morgan  Mine,  P.  O.  Box  95,  Barberton.     Miner  and  Tributor. 

1906     Macfarlane,   Thomas    Murdoch   Marshall,  A.  I. M.M.     c/o   Messrs.  H.  S.  King  &  Co.,  65,  Cornhill, 

London.      Miner,  Ac. 

1908  Macfarlane,  Walter  Graeme.     Jumbo  Mine,  Mazoe,  Rhodesia.     Assayer  and  Surveyor. 

1897     Macin tyre,  James,  B  Sc,  C.E.     Tati  Concessions,  Ltd.,  Francistown,    Bechuanaland   Protectorate. 
Mining  Engineer  and  General  Manager. 

1904  Mackay,  Alexander  Neil,  A.B.S.M.,  A.I  M.M.     Cherokee  G<  Id  fields,  Ltd.    San  Julian,  via  Parral, 

Chihuahua,  Mexico.     Assayer,  Chemist  and  Assistant  Manager. 

1909  Mackilligan,  Hector  llannie.      Smith  Kalgurlie  Q,  M.  Co,   Finiiston,  W.  Australia.      Assayer. 
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1905     Mann,  William  Seward,  B.Sc,  Met.  K,  M.I.M.M.,    M.Am.I.M.E.      El   Conde   Mining  Company, 
S.  A.,  Tepehuanes,  Durango,  Mexico.     General   Manager. 

1898     Mannheim,  Hermann,  Charles.      P.  O.  Box  585,  Bulawayo,  Rhodesia.      Metallurgist. 

1905  Marriott,  Frederick  Armidale,  A.S.M.  (Ball.),  M.Aus.I.M.E.,  M.Am.I.M.E.     Lancefield  G.  M.  Co., 

Laverton,  W.  Australia.      Metallurgist. 

1898     Marshall,  Charles  C,  M.I.M.E      Geduld  Proprietary  Mines,  Ltd.,  P.  O.  Box  41,  Springs.     Mining 

Engineer  and  Surveyor. 
1909     Martin,  William  Alexander.     Robinson  Deep  G.  M.  Co.,   Ltd  ,    P.   O.    Box   1488,   Johannesburg. 

Cyanider. 

1902  Massey,  Frank  Byrne.     P.  O.  Box  41,  Jeppestown.     Cyanider. 

1909     Masterson,  Charles  William.     Subeni  Copper  Mine,  Vryheid,  Natal.     Assayer  and  Surveyor. 
1898     Maxwell,    F.   A.    G.,  M.I.M.M.     Randfontein  Estates  G.  M.  Co.,  Ltd.,  P.  O.  Box  2,  Bandfontein. 

Cyanide  Manager. 
1907     Maxwell,  Robert  Kerr.     Chemist.     (Address  wanted.) 

1907  Maxwell,  Robert  William.    The  Walls,  Hampton  Court,  Middlesex,  England.     Mechanical  Engineer. 
1909     McAlister,  Alister  Gordon.     Jumpers  Deep,  Ltd.,  P.  O.  Box  1.     Cleveland.     Assistant  Surveyor. 

1897  McConnell,  Thomas,  Sheba  G.  M.  Co.,  Ltd.,  Eureka.     Cyanide  Foreman. 

1898  McCormick,  A.  B.     Pilgrims  Best.     Cyanider. 

1908  McCrindle  James.     Knights  Deep,  Ltd.,  15  Long  Street,  Germiston  West.     Amalgamator. 

1903  McDonnell,  Henry  Ernest.     Elands  Drift,  P.  O.  Sabie.     Assayer. 

1904  Meeser,  J.  X.     Village  Main  Beef  G.  M.  Co.,  Ltd.,  P.  O.  Box  1091,  Johannesburg.     Contractor. 

1898     Mein     William    Wallace,    B.Sc,    M.Am.I.M.E.,    M.I.M.M.      Messrs.  H.  Eckstein  &  Co.,   Central 
Administration,  P.  O.  Box  1145,  Johannesburg.     Consulting  Engineer. 

1909  Meredith,  Yaughan  Wilson.      Princess  Estate  &  G.    M.   Co.,    Ltd.,  P.   O.    Box   112,   Boodepoort. 

Mill    Manager. 

1897  Merrill,  Charles  W.,  B.Sc,  M.I.M.M.,  M.Am.I.M.E.    143,  Second  Street,  San  Francisco,  California, 

U.S.A.      Metallurgical  Engineer. 

L897     Michell,  Richard  T.     Standard  Bank  of  S.A.,  Ltd.,  Bulawayo,  Bhodesia.     Assistant  Assayer. 

1898  Michie,  James.     Cyanider.     (Address  Wanted.) 

L898     Miller,  Joseph,  M.Am.I.M.E.      Mangana,  Tasmania.     Mining  Engineer. 

1906  Millroy,  Alfred  Taggart,    F .11. Met. S.      c/o  Lyman,  Sons  &  Co.,  St.  Paul  Street,  Montreal,  Canada. 

Chemical  and  Metallurgical  Analyst. 

1905  Mills,    Edwin  Walter,  S.B. (Harvard),  A.I.M.M.,  M.Am.I.M.E.,  Korean  Exploration,  Co.,  Chiksan 

Mines,  Chiksan.  Korea.      Mining  Engineer  and  Superintendent. 

1903     Mills,  Louis  David,  M.E.,  M.Am.I.M.E.    502,  Rincon  Buildings,  143,  Second  Street,  San  Franc'.sco, 

LT.S.A.     Mining  Engineer  and  Metallurgist. 
1908     Moncrieff,  Roger  .Murray.      i'l,  Kensington  Park  Gardens,  London,  W.     Mining  Engineer. 

1905     Moore,    Charles    George   James.      Ferreira  G.   M.   Co.,  Ltd.,    P.    O.    Box    3551,  Johannesburg, 
( Jyanider 

1903      Moore,  Karl  Byron.      121  Collins  Street,  Melbourne,  Australia.      Mill   Foreman. 

1907  Moore,  William  Robert,  P.  O.  Box  2586,  Johannesburg.     Foreman  Mason. 
1898     Murdoch,  Robert.       Kimberley  Reefs,  Mazoe,  Rhodesia.     Cyanide  Manager. 

1908  Murphy,  Thomas  Daniel,    c/o  The  Aguacate   Mines,    San   Mateo,  Costa  Rica,   Central   America. 

.Mining  Engineer. 

1907     Murray,  George  Daly.     Ivanhoe  Gold  Corporation,  Fimiston,  Western  Australia.     Metallurgist. 

1909  Xakamoto,  Hidehiko.     Sado  Gold  Mine,  Aikawa,  Sado,  Japan.     Sub-Manager, 
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1909     Nalty,  Frederick  John.     P.  O.  Box  253,  Bulawayo,  Rhodesia.     Cyanider. 

1908  Nellmapius,  Arthur  Philip.     Messrs.  Eckstein   &  Co.,   P.    O.    Box   149,   Johannesburg.     Mining 

Engineer. 

1909  New,   William   Stanley.     Simmer  and   Jack    Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston. 

Underground  Learner. 

1905     Newcomb,    Clive    Seymour.       c/o    Messrs.    White    &    Newcomb,    32   Avenida    Cinco   de   Mayo, 
Mexico  City,  D.  F.      Mining  Engineer. 

1907  Newland,   Noel    Nelson.      Kobinson    Deep    G.    M.   Co.,  Ltd.,    P.  O.    Box    1488,   Johannesburg. 

Cyanider. 

1908  Nicholas,  Dan.     Robinson  G.  M.  Co.,  Ltd.,  P.  O.  Box  1024,  Johannesburg.     Assayer. 

1907  Nicholls,  John  Carroll.     New  Modderfontein  G.  M.  Co.,  Ltd.,  P.  O.  Box   25,  Benoni.     Assistant 

Mine  Captain. 

1909  Nixon,  George  Henry.     P.  O.  Box  11,  Pilgrim's  Rest.     Mine  Overseer. 

1908  O'Connor,  Bernard.      P.  O.  Box  6510,  Johannesburg.     Cyanider. 

1905     Odgers,  William  Hearn.     Village  Deep,  Ltd.,  P.  O.  Box  1145,  Johannesburg.     Cyanider. 

1898     Ogilvie,  Duncan  F.     Glencairn  G   M.  Co.,  Ltd.,  P.  O.  Box  191,  Germiston.     Mill  Manager. 

1905     Olsen,  Arnold  Carl  Louis,  M.Inst.M.E.     Ferreira  Deep,  Ltd.,  P.  O.  Box  1056,  Johannesburg. 
Engineer. 

1898     Ovendale,  Charles.     Steytler's  Buildings,   P.  O.  Box  3146,  Johannesburg.     Patent  Agent. 

1904     Owen,  Harold  Alfred.      Village  Main  Reef  G.   M.   Co.,   Ltd.,  P.   O.  Box   1091,  Johannesburg. 
Cyanider. 

1898     Packard,    George    Arthur,    B.S.,    M.Am.I.M.E.      18   Lafayette   Street,    Wakefield,  Mass.,  U.S.A. 
Mining  Engineer  and  Metallurgist. 

1909  Packman,   Augustus   Frederick.     Princess   Estate    and   G.    M.   Co.,  Ltd.,  P.  O.  Box  112,  Roode- 

poort.     Cyanider. 

1  908     Parfitt,  Walter.      Cinderella  Deep  G.  M.  Co.,  P.  O.  Box  75,  Boksburg.     Cyanider. 

1897     Park,  Walter  E.     Messrs.  Fraser  &  Chalmers,  Ltd.,  P.  O.  Box  619,  Johannesburg.      Mechanical 
Engineer. 

1897  Parry,    Charles   Stuart.      Robinson  Randfontein   G.   M.    Co.,   Ltd.,  P.  O.  Box   46,   Randfontein. 

Assayer. 

1909  Parsea,  Arthur  Edward.  Sheba  G.  M.  Co.,  Ltd.,  Eureka.  Vanner  Foreman. 
1904  Patrick,  William.  Elandsdrift,  P.  O.  Sabie.  Mining  Engineer  and  Surveyor. 
1903      Peebles,  James  Gibb.     Geldenhuis  Estate  &  G.  M..Co.,  Ltd.,  P.  O.  Box  32,  Cleveland.     Cyanider. 

1898  Peele,   Robert,  E.M.,   M.I.M.M.     36   Wall  Street,    New   York  City,   U.S.A.     Mining  Engineer 

and  Adjunct  Professor  of  Mining,  Columbia  University  School  of  Mines. 

1903     Perry,  Mulford  Prank,    c/o  Messrs.  Chas.  Butters,  Ltd.,  Minas  Prietas  Works,  Torres,  Sonora,   via 
Nogales,  Mexico.      Cyanide  Manager. 

1907     Pinto,     Michele.      Komarovo    Mining     Co.,    Avzianopetrovsk,    Government  Orenbourg,    Russia. 
Manager. 

1909     Plinke,  August  Adolph  Phillip.     P.  O.  Box  27.">,  Johannesburg.     Director  of  Mining  Companies. 

1909     Pooler,  Frederick  John,  B.Sc,  F.C.S.      Jeppe    High   Selmol,    .">oS   Commissioner  Street,  Johannes 
burg.     Science  Teacher. 

1907  Pope,  John.     Brakpan  Mines,  Ltd.,  P.  O.  Box  •">,  Brakpan.     Surveyor  and  Assayer. 

1908  Powrie,  Donald  E.     Rose  Deep,  Ltd.,  P.  O.  Box  6,  Germiston.     Cyanider. 

1907     Powter,  Harold  Bowen.      Knights  Deep,  Ltd.,  P.  O.  Box  143,  Germiston.     Engineer. 


xlii  The  Journal  of  Tin  Chemical,  Metallurgical  and  Minimi  Society  of  South  Africa, 

Year  of 
Admittance. 

1908  Pryce,  Wynn  St.  Lawrance.      Treasury  G.  M.  Ltd.,  Cleveland.     Assayer. 

1909  Ramsden,  Ernest"     Sheba  G.  M.  Co.,  Ltd.,  Eureka.     Cyanider. 
1905     Ranson,  William  l!o\vell.     Transvaal  Hotel,  Krugersdorp.     Cyanider. 

1909     Read,  Frederick  George.     Transvaal  Gold  Mining  Estates,  Ltd.,  Pilgrims  Rest.      Mill  Manager. 

1908  Reece,  Frederick  Bennett,  A.I.M.M      P.  O.  Box  955,  Lead,  S.  Dakota,  U.S.A.     Assistant,  Refinery 

Department. 

1909  Richardson,  John  Stephen.     Meyer  and  Charlton  G.  M.  Co.,  Ltd.,  P.  O.  Box  1127,  Johannesburg. 

Mining  Engineer. 

1903  Richardson,  Robert,     c/o  Thos.  Andrews,  private  bag,  Barberton.     Mining  Engineer. 

1908  Richardson,  Willie  Park.      Forbes  Reef,  near  Mbabane,  Swaziland.     Amalgamator. 

1907     Rhodes,  Clarence  Edgar.     Guanajuato,  Estado   de   Guanajuato,   Apartado    25,  Mexico.     Cyanide 
Manager. 

1899     Roberts,  Frank  G.  A.      Knights  Central,  Ltd.,  P.  O.  Box  91,  Germiston.     Mine  Manager. 

1907     Robertson,  John  Rankin  Hastie,  A.I.M.M.     Rezende,   Ltd.,  and   Penhalonga  Proprietary   Mines, 
Ltd.,  Penhalonga,  Umtali,  Rhodesia.     Metallurgist. 

1905  Robertson,  Thomas.     Glencairn  Main  Reef  G.  M.  Co.,  Ltd.,  P.  O.  Box  191,  Germiston.     Miner. 

1902  Robinson,  Clifford  A.      Meyer  &  Charlton  G.  M.  Co.,  P.  O.    Box    1127,   Johannesburg.      Assayer 

and  Metallurgist. 

1907  Robinson,    Sydney    Greenwood.       c/o    F.    L.   Smidth  &  Co.,  112  Palace  Chambers,  Westminster, 

London,  S.W.     Engineer. 

1898     Roessler,    Dr.    Friedrich   Johann.     Deutsche   Gold  and  Silver   Scheider  Austalt,   Frankfort  a/m 
Chemist.     Germany. 

1909  Ross,  Arthur  William.     P.  O.  Box  9,  Day  Dawn,  Western  Australia.     Mining  Engineer. 

1906  Rossiter,  David  William.    Consolidated  Gold  Fields  of  S.A.,  Ltd.,  P.  O.  Box  1167,  Johannesburg. 

Head  of  Intelligence  Dept. 

1908  Rov,  James.     Nigel  G.  M.  Co.,  Ltd.,  P.  O.  Box  20,  Nigel.     Cyanider. 

1904  Rusden,  Armine  Grose.     Ferreira   G.   M.  Co.,  Ltd.,  P.    O.   Box   1021,   Johannesburg.     Assistant 

Surveyor. 

1897  Rusden,  Harry.     Ferreira  G.  M.  Co.,  Ltd.,  P.  O.  Box  1021,  Johannesburg.     Chief  Assayer. 
1906     Russell,  William.     Assistant  Assayer.     (Address  wanta/.) 

1906     Ryan,  William.     Lonely  Reef,  Inyati,  via  Bulawayo,  Rhodesia.     Mine  Manager. 

1898  Saunders,  Frederick  William.     Witwatersrand  Deep,  Ltd.,  P.  O.  Box  5,  Knights.     Mill  Manager. 

1909  Sawyer,  Ronald  Ernest.    East  Rand  Proprietary  Mines,  Ltd.,  P.  O.  Box  80,  East  Rand.     Mining 

Engineer. 

1903  Sayers,  Joseph.     Ardeer  Factory,  Stevenston,  Ayrshire,  Scotland.     Technical  Chemist. 

1899  Scaer,  Valentine  Edmund,  M.E.,  M.I.M.M.    P.  O.  Box  69,  Bulawayo,  Rhodesia.  Mining  Engineer 

and  Mine  Manager. 

1908  Scatterty,  Peter.     Roodepoort  Central  Deep,  Ltd.,  P.  O.  Box  114,  Roodepoort.  Cyanide  Manager. 

1909  Schaefer,    Benjamin.     Simmer   and   Jack   Proprietary  Mines,    Ltd.,   P.    O.   Box  192,  Germiston. 

Cyanider. 

1909     Scholtz,  Ewald  Vos.     P.  O.  Box  28,  Pilgrims  Rest.     Mining  Student, 

1908     Scott,  Andrew.     P.  O.  Box  2361,  Johannesburg.     Assayer. 

1897     Searle,    Barry.     36    Lake    Avenue,    Montrose,    Susy    Co.,    Penna.,    U.S.A.     Consulting   Mining 
Engineer. 

1904  Seear,  Herbert  Charles.     Chicago  Mine,  Umswezwe,  Rhodesia.     Assayer  and  Surveyor. 
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1906     Sharpley,  Harold.      Broken  Hill  South  Blocks,  Ltd.,  Broken  Hill,   New  South  Wales,  Australia. 

Mining  Engineer. 
1899     Sharwood,   William   John,    Ph.D  ,   A.R.S.M.,    M.I.M.M.,  M.Am.I.M.E.,  M.Am.C.S.      Homestake 

Mining  Co.,  Lead,  S.  Dakota,  U.S.A.      Metallurgical  Chemist. 

1906  Shaw,  John  Frederick.     Cassilis  G.  M.  Co  ,  Tongio  West,  Victoria,  Australia.     Assayer. 

1907  Shed,  William  Burns.     Geldenhuis  Deep,  Ltd.,  P.  O.  Box  54,  Cleveland.     Cyanider. 

1908  Short,  Arthur  Reginald.     Crown  Mines,  Ltd.,  P.  O.  Box  36,  Fordsburg.     Cyanider. 

1907  Simpson,  Charles  Edward,  Concession  Hill  Mine,  Hartley,  Rhodesia.     Mine  Tributor. 

1904  Smith,  Ewing.     4  Queen  Street,  Craigie,  Perth,  Scotland.     Chemist. 

1897  Smith,  Rowland.     The  Big  Blow,  Umswezwe,  Rhodesia.     Cyanide  Manager. 

1908  Smith,  Sidney  A.     Modderfontein  "B"  G.  M.  Co.,  Ltd.,  P.  O.  Box  14,  Brakpan.      Miner. 

1905  Smith,  William  James  Wright.     Wanderer  Mine,  Selukwe.  Rhodesia.     Cyanider. 

1907  Soeterik,    Hendrik    Willem    Cornelis,    M.I.M.M.       Mijnbouw    Maatschappij,    Redjang    Lebong, 

Benkoelen,  Sumatra,  Dutch  East  Indies.     Mining  Engineer. 

1906  Southwell,  Bailey.     York  Mine,  P.  O.  Box  54,  Krugersdorp.     Sampler. 

1903  Spicer,  Harold  Norman,  M.I.M.M.,  M  Am.I.M.E.     434  Symes  Building,  Denver,  Colorado,  U.S.A. 

Consulting  Mining  Engineer. 

1908  Stacey,  Douglas  William.      P.  O.  Box  188,  Bulawayo,  Rhodesia.     Amalgamator. 
1905     Stadler,  Herman.     P.  O.  Box  4240,  Johannesburg.     Architect-Engineer. 

1905  Staver,  William  H.     M.Am.I.M.E..  Freeport,  Ills,  U.S.A.     Mining  Engineer. 

1904  Steele,  William  H,  Cyanider  and  Smelter.     (Address  wanted.) 

1906  Stevens,    Thomas   Barnbrook.       Bewick,    Moreing  &   Co.,   P.    O.    Box  57,    Kalgoorlie,   Western 

Australia.     Metallurgist. 

1909  Stidolph,  Neville  Harold.     Yankee  Doodle  Mine,  Selukwe,  South  Rhodesia.     Amalgamator. 

1898  Stockett,  A.  W.,  M.Am.I.M.E.,  A.M.Am.S.C.E.      Simmer  &  Jack  Proprietary  Mines,  Ltd.,  P.  O. 

Box  192,  Germiston.     Civil  and  Mining  Engineer. 

1905  Summers,  Edward.     P.  O.  Box  94,  Klerksdorp.     Assayer  and  Cyanider. 

1906  Surmon,  Cecd  Barber.     (Address  wanted.)     Sampler. 

1905  Sutherland,  Robert.      Transvaal  G.  M.  Estates,  Ltd.,  Pilgrims  Rest.      Mining  Engineer. 

1909     Symonds,    Melville  Carter.     East   Rand   Proprietary   Mines,  Ltd.,    P.    O.   Box    66,  East    Rand. 
Cyanider. 

1904     Tait,  William  Raitt.   Simmer  k  Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston.  Mining 

Engineer. 
1909     Taylor,  Hamish  Ernest  Oliff-.     Princess  Estate  and  G.  M.  Co.,  Ltd.,  P.  O.  Box  112,  Roodepoort. 

Cyanider. 
1908     Thayer,  Harry  Stanley.     U.S.   Reduction   and  Refining  Co.,   Ltd.,   Colorado   Springs,   Colorado, 

U.S.A.     Assistant  Superintendent. 

1907  Thomas,  Alfred  Messer.     Simmer  &  Jack   Proprietary   Mines,   Ltd.,  P.  O.  Box   192,   Germiston. 

Assistant  Assayer. 

1908  Thomas,   David  John.     Simmer  &  Jack   Proprietary   Mines,  Ltd..  1'.    O.    Box    192,   Germiston. 

Amalgamator. 

1906  Thomas,  David  Lewis.     P.  O.  Box  108,  Johannesburg.     Cyanider. 

1909  Thomas,  George  Gordon.     Wolhuter  G.  M.,    Ltd.,  P.  O.  Box  1160.  Johannesburg.     Sampler. 
1904     Thomas,  Henry  Trenear,  A.I.M.M.,  M.Am.LM.E.     Champion  Reef  G.  M.  Co.,   Champion  Reefs, 

Mysore  State,  S.  India.     Chemist  and  Metallurgist. 
1898     Thomas,  Joseph.     Ginsberg  G.  M.  Co.,  Ltd.,  P.  O.  Box  16,  Knights.     Cyanide  Manager. 
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1.907      Thomas,  William.      Champion  Reef  G.  M.  Co.,  Champion  Beefs,  Mysore  State,  S.  India.     Assistant 

Cyanide  Chemist". 
1909     Thomas,  Victor  Israel.     Wrigbtville,  Cobar,  New  South  Wales.     Cyanider. 
1907     Thorburn,  Frederick  Harrison,  A.RS.M.     Nigel  G.  M.  Co.,  Ltd.,  P.  O.  Box  20,  Nigel.     Assayer. 

1907  Thorpe,   William    Edward.      East    Rand    Proprietary    Mines,  Ltd.,    P.    O.    Box    159,    East    Band. 

Assistant  .Metallurgical  Chemist. 

1902     Tillard,    Maximilian    Ogilvie..   Ml'..    (Cape).       Jumpers   Deep,    Ltd.,    P.    O.    Box    1,    Cleveland. 
Mining  Engineer  and   Mine  Captain. 

1908  Tipper,  Loton.      Nigel  G.  M.  Co.,  Ltd  ,  P.  O.  Box  20,  Nigel.     Cyanider. 

1907  Tom,   Isadore,  A.B.S.M.,    F.G.S.,    M.Am.I.M.E.,  A.I.M.M.     Associated   Gold  Mines   of   W.    A., 

Kalgoorlie,  Western  Australia. 

1906     Tonkin,  John  Lewis,  A.I.M.M.     Mysore  G.  M.  Co.,  Marikuppam,  S.  India.     Reduction  Officer. 

1909  TowDsend,  Charles  Thomas.     Brilliant  Extended   Cyanide  Works,   Charters  Towers,  Queensland. 

Metallurgist  and  Cyanide  Manager. 

1905  Trapman,  Lewis  Alexander.     Morgan  Crucible  Co.,  Ltd.,  Battersea  Works,  London,  S.W.    Director. 

1908  Turner,  Hubert  Frederick  Sidney.      New  Primrose  G    M.   Co.,    Ltd.,   P.    O.  Box  193,  Germiston. 
(Stud.  1907)  Sampler. 

1906  Urquhart,  William  Graham.     Simmer  Deep,  Ltd.,  P.  O.  Box  178,  Germiston.     Amalgamator. 

1908  Wacher,  Harry.     Jumbo  Mine,  Mazoe,  Rhodesia.     Cyanider. 

1903  Wallace,  Harry  Vincent,  M.Am.I.M.E.      Nogales,  Santa   Cruz   Co.,   Arizona,  U.S.A.     Consulting 

Mining  Engineer  and  Metallurgist. 

1909  Ward,  Harry.     Vogelstruis  Estates  ,1-  G.  M.  Co.,  Ltd.,  P.  O.  Box  116,  Roodepoort,     Amalgamator. 

1904  Warden,  Philip  S.    Ardpatrick  Mine,  Queque,  Rhodesia. 

1905  AVartenweiler,    Fred.,    M.Am.I.M.E.,    A.I.M.M.      Granite-Bimetallic    Consolidated    Mining    Co., 

Philipsburg,  Montana,  U.S.A.     Metallurgist. 

1898     Warriner,  Ruel  Chaffee,  B.Sc,  M.Am.I.M.E.     Crown  Mines,    Ltd.,    P.    O.   Box   1145,   Johannes- 
burg.    General  Manager. 

1904     Waters,    William.     B.S.A.  Explosives   Co.,    Ltd.,    P.   O.    Box   4575,  Johannesburg.       Explosives 
Representative. 

1906  Watkins,  H.  T.     Glynn's  Lydenburg,  Ltd.,  P.  O.  Sabie.     Surveyor. 

1898     Watts,  John  Whidbourne,  J.P.,  M.I.M.E.,  F.R.C.I.     United  Ivy  Reef  G.  M.  Co.,  Ltd.,  P.  O.  Box 
179,  Barberton.     Mining  Engineer. 

1898     Waymark,  Edgar  C.     Messrs.  Fraser  &   Chalmers,  Ltd.,  London   Wall    Buildings,   London  Wall, 
London,  E.G.     Mechanical  Engineer. 

1897     Weldon,  Horace.     Mines  Department,  P.  O.  Box  331,  Johannesburg.     Chief  Inspector  of  Mines. 

1907  Welhaven,  Alf.     Oriental  Consolidated  Mining  Co.,  Tabowie,  Unsan,  Korea.  Mine  Superintendent. 

1906  Wertheim,  Clement  Jean  Marie.     Hilversum,  Holland.     Mining  Engineer. 

1909     Westwood,  William.     Robinson  G.  M.  Co.,  Ltd.,  4,  Central  Road,  Fordsburg.     Cyanider. 

-1908     Wheler,  Aubrey  Stuart,  A.I.M.M.      c  o  S.  W.  Jameson,  52,  Ashley  Gardens,  Westminster,  London, 
S.W.      Mining  Engineer. 

1902     White,  Thomas  Ayrton.      Simmer  &   Jack   Proprietary   Mines,   Ltd,    P.O.Box    192,  Germiston. 
Secretary. 

1907  Whitehouse,  James.     Vryheid,  Natal.      Mining  Engineer. 
1906     Whittinghame,  James.     Cyanider.     (Address  ivanted.) 
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1909     Whittuck,   William   Henry   Giffard.     The   Troitzk  Goldfields,    Ltd.,   Kotchkar,   Orenburg   Govt., 
Russia.     Metallurgist. 

1903     Whytock,  Peter  Robertson,  B.Sc.     P.  O.  Box  19,  Rawhide,  Xevada,  U.S.A.     Mine  Reporter. 

1907     Wilkie,  Donald  Cook.     Straits  Trading  Co.,  Ltd.,  Kuala  Lumpur,  Selangoe,  Federal  Malay  States. 
Mining  and  Electrical  Engineer. 

1909     Willcox,   Alexander.     New  Rietfontein  Estates  G.  M.  Co.,  Ltd.,   P.  O.  Rietfontein  Mines.     Tube- 
mill  Foreman. 

1906  Williamson,    Reginald,    S.M.B.     Great  Boulder  Xo.  1,  Ltd.,    Mount  Magnet,    Western   Australia. 

Assayer. 

1903  Wilson,  John  Hawthorne.     Simmer  Deep,  Ltd.,  P.  O.  Box  ITS,  Germiston.     Engineer. 

1907  Wilson,  Peter.     Knights  Deep,  Ltd.,   P.  O.  Box  143,  Germiston.     Mill  Foreman. 

1897  Wilson,  Robert  Alexander.      Eldorado  G.  M.  Co.,  Ltd.,  Lomagundi,  Rhodesia.     Cyanider. 

1908  Wiseman,  Edward  James.      Village  Main  Reef  G.  M.   Co.,    Ltd.,   P.    O.  Box  1091,  Johannesburg. 

Foreman  Trammer. 

1906     Wisnom,  Robert  James,     c/o  C.  Butters  &  Co.,  Ltd.,  Virginia  City,  Nevada,  U.S.A.     Cyanider. 

1908  Wolvekamp,  Hendrik.     Ketahoen,  Benkoelen,  Sumatra,  Dutch  East  Indies.     Mining  Engineer. 

1904  Womble,.  Lloyd  Alexander,  M.  Am. I. M.E.      Van   Dyk  Mines,    P.   O.   Box   115,   Boksburg.     Mine 

Manager. 

1902  Wood,  Gilbert  Peter.     Assayer.     (Address  >r<t»ted.) 

1909  Wood,  Sydney.      Sheba  G.  M.  Co,  Ltd.,  Eureka.     Amalgamator. 

1906     Wcodard,  Bernard  Nathaniel.     Bonanza  Mine,  Blanket  Junction,  Lomagundi,  Rhodesia.    Surveyor. 

1904     Woodburn,  James  Allan,  M.I.M.M.,  M.I.M.E.      Messina  Development   Co  ,  Ltd.,  Grenfell   Camp, 
via  Pietersburg.      Mine  Manager. 

1904     Woodley,  Reginald  C.     Cyanider.     (Address  ivanted.) 

1908     Woods,  Wallace.      East  Band  Proprietary  Mines,  Ltd.,  P.    O.   Box    185,   East  Rand.     Tube  Mill 
Foreman. 

1898  Wright,  Alexander  Leckie.     Vogelstruis  Consolidated  Deep,  Ltd.,  P.  O.  Box  3,  Florida.     Cyanide 

Manager. 

1903  Young,  Henry  Stow,  A.I. M.M.     Borneo  Co.,  Ltd.,  Bau  Gold   Mines,   Sarawak,   Borneo.     Mining 

and  Metallurgical  Engineer. 


xlvi.  The  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa. 


STUDENTS 


Corrected  to  November  11,  1009. 


Sear  of 
Admittance. 


1903  Ball,  Harry  Standish.      P.  O.  Box  253G,  Johannesburg. 

1909  Bass,  Kenneth  Christian.     Three  Sisters  Mine,  via  Barberton.     Assay  Learner. 

1906  Bell,  Herbert  Charles  Fitzwilliam.      French  Rand  G.  M.  Co.,  Ltd.,  P.  O.  Box  25,  Luipaardsvlei. 

1909  Bolt,  Walter  Carl.     Simmer  &  Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston.     Cyanide 
Learner. 

1909  Botha,   Fritz   Alexander.     Simmer   &  Jack    Proprietary  Mines,  Ltd.,    P.  O.  Box  192,  Germiston. 
Tube  mill  Learner. 

1909  Brennan,  Ernest.     New  Kleinfontein  Co.,  Ltd.,    P.  O.  Box  2,  Benoni.     Cyanide  Learner. 

1909  Chadwick,   Herbert   Hamilton.     Robinson  Deep  G.  M.  Co.,  Ltd.,  P.  O.  Box  1488,  Johannesburg. 
Cyanide  Learner. 

1909  Coombe,  Oswald.      Cinderella  Deep,  Ltd.,  P.  O.  Box  75,  Boksburg.     Assay  Learner. 

1909  Craig,  Arthur  William.     Knights  Deep,  Ltd.,  P.  O.  Box  143,  Germiston.     Mill  Learner. 

1908  Davies,  Cyril  Nutcombe.     Holcoinbe,  Jubilee  Road,  Parktown,  Johannesburg. 

1908  Donovan,  Donough  Bonnet.      103,  De  Korte  Street,  Wanderer's  View,  Johannesburg. 

1908  Gaisford,  Arthur.     Princess  Estate  &  G.  M.  Co.,  Ltd.,  P.  O.  Box  112,  Roodepoort. 

1908  Gilbert,  Thomas  Woodford.      47,  Bok  Street,  Jouberts  Park,  Johannesburg. 

1908  Graham,  Harry  Wondthorpe.     P.  O.  Box  1155,  Johannesburg. 

1909  Greyson,  Robert.     Cinderella  Deep,  Ltd.,  P.  O.  Box  75,  Boksburg.     Cyanide  Learner. 

1909  Hains.  Arthur  Rutherford  Bolt.     Robinson  Deep  G.  M.  Co.,  Ltd.,  P.  O.  Box  1488,  Johannesburg. 

1909  Hasselt,  Carel  Louis  van.     Transvaal  University  College,  College  House,  42,  BereaRoad,  Bertrams, 
Johannesburg. 

1905  Innes,  John.     The  Observatory,  Johannesburg. 

1909  Impey,  Robert  Lancelot,     Simmer  Deep,  Ltd.,  P.  O.  Box  178,  Germiston.     Cyanide  Learner. 

1907  Johnston,  William  Hawthorn.     94,  Sherwell  Street,  Doornfontein,  Johannesburg. 

1908  Lipschitz,  Cecil.     Transvaal  University  College,  P.  O.  Box  1176,  Johannesburg. 

1909  Little,  George  Heard.     Transvaal  University  College,  P.  O.  Box  1176,  Johannesburg. 

1909  Lotter,  Reginald  Godfrey.      Knights  Deep,  Ltd.,  P.  O.  Box  143,  Germiston.     Cyauide  Learner. 

1908  Malherbe,  David  Gabriel.     (Address  wa nttd.) 

1909  McCaffery,  Cecil  J.     Geldenhuis  Deep,  Ltd.,  P.  O.  Box  54,  Cleveland.     Cyanide  Learner. 
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1909  McNeil,  William.     Wolhuter  G.  M.,  Ltd.,  P.  0.  Box  1160,  Johannesburg.     Cyanide  Learner. 

1909  Medlin,  Edward  James  George.     Rose  Deep,  Ltd.,  P.  O.  Box  6,  Germiston.     Tube-mill  Learner. 

1908  Mills,  Thomas  Landall.      Loyal  School  of  Mines,  London,  S.W 

1908  Moon,  Cyril  Leslie.     Transvaal  University  College,  P,  O.  Box  6695,  Johannesburg. 

1909  Mortimer,   Norman.     Robinson   Deep  G.  M.  Co.,  Ltd.,  P.  O.  Box  1488,  Johannesburg.     Cyanide 

Learner. 

1909     Munro,  J<>lin  Strachan.     Transvaal  University  College,  P.  O.  Box  1176,  Johannesburg. 

1909     Musson,  Gordon.     Robinson  Deep  G.  M.  Co.,  Ltd.,   P.  O.  Box   1488,   Johannesburg.     Tube-mill 

Learner. 


1909     O'Brien,   Horace  Vincent.     Simmer   &  Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston. 
Cyanide  Learner. 

1909     Radley,  Andrew.     Simmer  &  Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  192,  Germiston.     Reduction 
^^'orks  Learner. 

1909     Reeler,    William  George.     Simmer   &   Jack   Proprietary   Mines,  Ltd.,  P.  O.  Box  192,  Germiston. 
Extractor  House  Learner. 

1909     Robinson,   John   Martyn.     Robinson    Deep   G.    M.   Co.,   Ltd.,   P.  O.   Box    1488,   Johannesburg. 
Tube-mill  Learner. 

1909     Rowe,  John  Lafflin.     Xigel  Deep,  Ltd.,  P.  0.  Box  50,  Nigel.     Assay  Learner. 

1909     Smith,  Harold  Janus.     Robinson  Deep  G.  M.  Co.,  Ltd.,  P.O.Box  1488,  Johannesburg.     Cyanide 

Learner. 

1909     Stewart,  Victor  Mallet   James.     Robinson  Deep  G.  M.  Co.,  Ltd.,  P.  O.  Box  1488,  Johannesburg. 
Cyanide  Learner. 

1908     Sutton,  Joseph  Bennett.      P.  O.  Box  1 176,  Johannesburg. 

1908  Tapscott,  Sidney.     (Address  wanted.) 

190.S     Wagner,  Percy  Albert,  P.  <).  Box  117<i,  Johannesburg. 

1909  Webb,   Willmer.     Simmer  and  Jack  Proprietary  .Mines,  Ltd.,  P.  <).  Box    192.  Germiston.     Assay 

Learner. 
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rerguson,  M. 

Fisher,  .J.  S. 

Fox,  G.  W. 
Frey,  F.  C. 
Gerardy,  B.  G. 
Gibson,  A. 
Glyn,  C. 
Grant,  J. 
Greathca.l,  C.  H. 
Guthrie,  F.  G. 
Hamill,  J.  C. 
Hardach,  E.  E. 
Herald,  A.  J. 
Herbert,  S.  A. 
Howard,  II.  A.  L. 
Hamilton,  W. 
Hunter,  W.  J.  R. 
Impey,  1!.  L. 
Jane,  W.  H. 
Johnson,  C,  R. 
Johnston    A.  McA. 
Johnston,  11. 
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King,  A. 
Kyle,  J.  T. 

Lewis,  A. 
Lockhart,  T.  L. 
Lomberg,  H. 
Lotter,  R.  G. 

Macleod,  D.  McK. 
Marquard,  J.  D. 
McCrindle,  .1. 
Medlin,  E.  J.  G. 
Metcalf,  J.  E. 
Michaux,  D. 
Morrell,  H.  H. 
Mosenthal,  B.  P. 
Murdoch,  D. 

New,  W.  S. 
Nicholson,  A.  S. 
Nicol,  G. 

O'Brien,  H.  V. 
Ogle,  F.  B. 
Ogilvie,  D.  F. 

Osborn,  S.  S. 
Osterloh,  E.  A. 

Tarry,  C.  F. 
Payne,  A.  E. 
Phillips,  F.  I). 
Philpott,  J.  W. 
Powell,   O.  I'. 
Powrie,  D.  E. 
Powter,  H.  B. 
Pryce,  L. 

Radley,  A. 
Peeler,  W.  G. 
Roberts,  F.  G.  A. 
Robertson,  T. 
Robinson,  L.  J. 
Ross,  D.  G.  F. 

Schaefer,  li. 
Sharp,  W.  I'.  F. 
Simpson,  F.  L. 
Smart,  (i.  O. 
Smith,  W.  II. 
Solly,  B.  C.  T. 
Stock,. u,  .\.  W. 
Sydenham,  ( '.  T. 
Tail,  W.  R. 
Tayler,  W.  A.  C. 
Taylor,   .1.  A. 
Tennant,  V. 
Thomas,  A. 
Thomas,  A.  M. 

Thomas,    |).  .1. 

Thomas,  .1.  E. 
Turner,   II.   F.  S. 
Turvey,  W.  E. 
Urquhart,  W.  G. 


Watson,  E.  JS. 
Watson,  F.  W. 
Webb,  H.  D. 
Webb,  W. 
White,  H.  A. 
White,  T.  A. 
Wilmoth,  L.  J. 
Wilson,  J.  H. 
Wilson,  P. 

Grnjl '/' ih /stml  — 

Arderne,  R.  A.  S. 

Jeppestown  — 

Brown,  J. 
Massey,  F.  B. 
Sharwood,  W.  S. 

Kaapsche  Hoop — 

Acutt,  S. 
Browne,  E. 

Klerksdorp — 

Hanlon,  C. 
Milligan,  J.  T. 
Sharp,  E.  M. 
Smythe,  J.  J.  R. 
Summers,  E. 

Knights — 

Anderson,  A.  G. 
Bawden,  L.  B.  L. 
Chapman,  F.  T. 
Coats,  J. 
['Ons,  J. 

•  I  oh  ns,  ,J. 

Kewley,  R.  R. 

Morrisby,  P.  T.  B. 

Perkin,  J).  \V. 

Phillips,  J.  C. 

Prout,  W.  M. 

Rascher,  L.  II. 

Rogers,  A. 
Salkinson,  A. 
Saunders,  F.  W. 
Tennent,  B.  K. 
Thomas,  J. 
Thomas,  .1.  I'. 

Krugt  rsdorp— 

Adams  -\.   I,'. 
Bartlett,  s.  c. 
Bell,  II.  D. 
( lampbell,  H. 
Christophereon,  E    II 
Davis,  C.  R, 
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Kriigersdorp  (c  ftitinued) 

( tarny,  F. 

<  toodwin,  G. 
Goodwin,  H. 
Lightbody,  T. 
Lomas,  A.  A. 
Manners,  C.  E. 
Murning,  -i. 
Pedrini,  J. 
Penman,  W. 
Pill,  ft. 

Ranson,  W.  R. 
Schwabe,  S.  B. 
Semple,  W.  1!. 
Southwell,  B. 
Tennant,  A. 
Turner,  A.  H. 
Williamson,  K. 

Langlaagte — 

Blackwell,  C. 

<  loombe,  M.  H. 
I  >aniel,  J. 

Dunnachie,  W.  .1.  X. 
Ford,  F.  C. 
Hebbard,  A. 
Hunter,  A.  .M. 
Martin,  E.  H. 
Reynolds,  J. 
Simmons,  T.  W. 
Thompson,  ( !   de  JJ. 
yule,  J.  A. 

Luipaardsvh  i — 
Bell,  H.  C.'F. 
Brown,  J. 
Campbell,  IT. 
Fraser,  A. 
Jupp,  H.  L. 
Mahaut,  11. 
McNaughtan,  A. 
Melvill,  G. 
Nicholls,  C.  B. 
Smith,  E. 

Mnh  lane — 

BagshaAV,  J.  F. 

Maraisburg— 

1  );ividson,  J. 
Douglas,  R.  S. 
Ford,  .M. 
Krause,  If.  L. 

Lewis,   F.   B. 

Quin,  S.  C. 
Ward,  .1.  P. 
Wyndham,  11.  U. 


Moddt  rfonti  in 

Ayers,  G.  F. 
Burmester,  G. 
Colquhoun,  L. 
Cullen,  W. 

Donaldson,  T. 
Greig,  D.  W. 
\^eiskopf,  E. 

Nigel — 

Bolitho,  E.  J. 
Brickhill,  H.  G 
Cellier,  J.  S. 
Curnow,  R, 
Morris,  T.  \V. 
O'Hara,  J.  D. 
Robson,  J.  X. 
Rowe,  J.  L. 
Roy,  J. 

Thorburn,  F.  H. 
Tipper,  L. 
Wessels,  J.  J. 
Wilson,  L.  N. 

Pietersburg 

Woodburn,  J.  A. 

Pilgrims  Rest  — 

Busch,  G.  E. 
Cusworth,  W.  H. 
Elphinstone,  E. 
Geinmell,  D. 
Griffiths,  W.  P. 
Hunter,  G. 
Jones,  W.  T. 
McCormick,  A.  R. 
Neale,  A.  L. 
Nixon,  G.  H. 
Phillips,  J.  M. 
Read,  F.  G. 
Scholtz,  e;  V. 
Sutherland,  II. 

Potchefstroom — 
Newson,  .1.  A. 

/'/'  mtt  i'  Mi  in: — 

Brunton,  W.  G. 

Kay,   II.  G. 

Pretoria — 

Marks,  S. 
Trevor,  T.  G. 

Randfontem  — 

Adendorff,  J.  E. 
Bacon,  A.  1). 


( Jochrane,  A.  ( ' 
Coppin,  J.  T. 
( Iribbes,  ( i.  i '. 
Halford,  .1.  E. 
Homersham,  E.  C. 
Jansen,  H. 
Lee,  H.  J. 
Maxwell,  F.  A.  G. 
Mills,  P. 
Tarry,  C.  S. 
Roberts.  S. 
Sellers,  J.  II. 
Taggart,  T. 
Wight,  A. 

Hit  Cmitein — 

Bennett,  W.  F. 
Clarkson,  R. 
Ellis,  B. 
Willcox,  A. 

Roodepoort — 

Anderson,  P. 
Day,  A.  M. 
Devenish,  0.  W. 
Donald,  H.  S.  II. 
<  lait-ford,  A. 
Grix,  E.  R. 
Hoyer,  A.  (I. 
Ingram,   J. 
Johnson,  .).   11. 
Lacy,  E.  1 ).  de 
Macdonald,  F.  ( .'. 
McLennan,-  J. 
Meredith,  V.  W. 
North,  W.  J.  I;. 
Packman,  A.   F. 
Scatterty,  P. 
Steel,  W.  S. 
Steels,  S.    H. 
Taylor,  II    E    '  >. 
Ward,  H. 

Sabie — 

McDonnell,  II.  E. 
Patrick,  W. 

Watkins,  II.  T. 

Schwt  i.i  r  h'i  neke 

Arkell,    I).  J. 

Springs  — 

Boright,  S.  II. 

lioyd,   A. 

Cullen,  M. 
Marshall,  C.  C. 
Nicholl,  T.  T. 
Sartorius,  K.  K.  II. 
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Stn inln  Inn 

Jones,  W.  H.  R. 

Turffontein 

Bettel,  A.  P. 
Creed,  J.  P. 
Dennehy,  M.  J. 

Laret,  II. 

British   East  Africa. 

Molo  (Mombatsa)— 
Drought,  J.  J. 

Cape  Colony. 
Francistotvn(  l'><  ckuanaland) 
Macintyre,  J. 

Concordia  (tfaniaqualand) — 
Lewis,  H.  H. 

Ki inln  rh  y 

Williams,  A.  F. 

Kokstad  - 

1  ilsii nu,  G.  I!- 

German  South  West  Africa. 
Swakopmund — 

Halm,  W.  A.  A. 

Natal. 

Y  fijhi'id — 

Chambers,  A.  L. 
Masterson,  C.  W. 
Rouillard,  R.  A. 

Whitehouse,  J. 

Zulu  land. 
N'kandhla — 

Han, ill,  .1.    II. 

Rhodesi  \. 
North  Western  Rhodes]  \. 
BrokeaHill  - 

Bentley,  A.  M. 

Ndola 

Blackie,  J. 


Southern  Rhodesia. 
Belingwe — 

Adams,  E.  L 

Bulawayo — 

Barratt,  R.  L. 

Brett,  H.  T. 
Byerley,  B.  ( ! 
Cuiuings,  C.  E.  G. 
Dixon,  C. 

Dudgeon,  W.  I'.   II. 
Dyer,  S.  C. 
Fletcher,  H.  ('. 
Gibson,  J.  Jt. 
Hynd,  J. 
Johnson,  A,  I  >. 
Lathbury,  F.  1 1 . 
Ludlow,  L. 
Mannheim,  II.  C. 
Michell,  R.  T. 
Nalty,  F.  .J. 
Nicholls,  R. 
Pead,  C.  H. 
Popham,  J.  L 
Scaer,  V.  E. 
Stacey,  D.  W. 
Wade,  1!.  A. 
White,   V. 

Bushtick  Siding 

Durham,  B.  W. 
Warwick,  J.  A. 

Col  Ian  Bawn — 

Black,  J. 

J'.rading,  T. 
Boer,  E.  C. 

Eldorado — 

Coe,  W.  C. 
Hurlbatt,  C. 
Stephan,  H. 

Essex  vale — 

Comrie,  A. 
Gosney,  I'. 
Heeley,  A.  W. 

Gudzema 

Terry,  ('.  W. 

Gatoovux 

Brooks,  K. 
I  ),i\  idson,  J.  L, 
Hyland,  I.. 
Macdonald,  I'.  A. 

Mark,  J. 


Colli   II        VllH,'!/ 

Morrisby,  A.  ( '. 
Reynolds,  -J.  V. 

Gwanda 

Adamson,  I!. 

(  'alitor,    I'..  (  '.   M. 
Harris.  J.  V. 

(,'ir,  I,, 

Baker,  II.  E. 
1  )aniel-,  [.'  C. 
Normand,  J.  X. 

Hartley— 

Katun,  J.  .M. 
SimpsoD,  C.  E. 

J  lisi  .<< 

Wayne,  T.   II.    II. 

I  a  ;/iiti — 

Ryan,  W. 

Lomagundi 

Wilson,  R.  A. 
Woodard,  B.  X. 

Matopos 

Anderson,  W. 

Mazoe — 

Macfarlane,  W.  G. 
Murdoch,  II. 

Stiell,  W 
Wacher,   II. 

Penhalonga — 
Davis,  I!. 
Francis,  W. 

Patterson,  P.  F. 
Robertson,  J.  1!.  II. 
Robinson,  1!.  W. 

i  j  a,, I  a,     - 

Alderson,  G. 

Atkinson,  ( '.   K. 
Brunton,  ( '. 
( Joi  kburn,  I'.  A. 
Evans,  A.  t '. 
Graham,  W.  II. 
Haddon,  T. 

Jones   W.   A. 

Ladds,  .1    II. 

Veasev,    J     II. 

Warden,  I'.  S. 
Weston,  li.  O. 
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Salisbury — 

Colville,  C.  A.  B. 
Cunningham,  W. 
Gibbings,  G.  W. 
Jones,  C.  K.  D. 
Morkel,  A.  L.  R. 

Seluhwe — 

Burt,  W. 

Davies,  E. 
Dures,  R. 
Hall,  W.  F. 
Little,  J.  B. 
Mackintosh,  H.  G. 
McEwen,  M.  T. 
Mitchell,  A. 
Smith,  W.  J.  W. 
Stidolph,  N.  H. 
Thomas,  F.  J. 
Wiley,  H. 
Wisdom,  G.  E. 

Shamva — 

Calder,  W.  L. 

Umswezive — 

Seear,  H.  0. 
Smith,  R. 

West  Nicholson — 

Blewett,  E. 
Greene,  F.  M. 

Swaziland. 

Fortes  Beef- — 

Andrews,  A.  A. 
Richardson,  W.  P. 

Mbabane — 

Weston,  E.  M. 

Piggs  Peak — 
Stokoe,  J.  C. 

West  Africa. 

Obuassi — 

Bell,  S.  W. 

Tarkwa — 

Rose,  A.  F. 


AMERICA  (North). 

Canada. 
London — 

Brown,  A.  H. 

Montreal — 

Millroy,  A.  T. 
Pencier,  H.  P.  de 

Alaska. 
Juneau — 

Jackson,  G.  T. 

Mexico. 
Chihuahua — 

Hardy,  J.  G. 
Mackay,  A.  N. 

Copala — 

Bullock,  L.  N.  B. 

Chavarria  {Durango) — 
Hughes,  H. 

Dinamita  ( Durango) — 
Pollitt,  R.  B. 

San  Pedro  Guanacevi 

{Durango) — 

Allingham,  J. 

Tepehuanes  {Durango)  — 
Mann,  W.  S. 

El  Oro— 

Burt,  E. 
Main,  A.  F. 
Neal,  W. 

Guanajuato — 

Macdonald,  B. 
Rhodes,  C.  E. 
Strout,  E.  A. 

Mi  xico  fit// — 

Newcomb,  C.  S. 

Monterrey — 

Lucke,  P.  K. 

Torres  (Sonora) — 
Perry,  M.  F. 


United  States. 
Arizona. 
Nogales — ■ 

Wallace,  H.  V. 

California. 
Berkeley — 

Roberts,  F.  C. 

Grass  Valley — 
Foote,  A.  B. 

Los  Angeles — 

Crank,  A.  F. 
Douglass,  R.  E. 
Linton,  R. 

Oakland — 

Garthwaite,  E.  H. 

San  Francisco — 

Butters,  C. 
Drake,  F. 
Hamilton,  E.  M. 
Hunt,  B. 
Merrill,  C.  W. 
Mills,  L.  D. 

Bedding — 

Reading,  R.  W. 

Sutter  Creek — 

Damw,  W.  E. 

Colorado. 

Colorado  Springs — 

Blomfield,  A.  L. 
Fox,  H.  W. 
Taylor,  G.  M. 
Thayer,  H.  S. 
Tippett,  J.  M. 

Denver — 

Argall,  P. 
Dorr,  J.  van  N. 
Fitch,  F. 
Gross,  J. 

Spicer,  H.  N. 

Delaware. 

Si  •  i  ford — 

Morse,  W.  S. 
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Illinois. 

South  Dakota. 

Lebong  Kandis — 

Champaign — 

Lead — 

Hogenraad,  G.  B. 

Willis,  H.  T. 

Clark,  A.  J. 
Reece,  F.  R. 

Lebong  Si  man — 

Freeport — 

Sharwood,  W.  J. 

Pinkvos,  E. 

Staver,  W.  H. 

Lebong  Tandai — 

Louisiana. 

AMERICA   (Central). 

Blau,  M. 
Freusberg,  A. 

Hammond — 

Costa  Rica. 

Carter,  T.  L. 

San  Mateo — 

Moera  Aman-- 

Massachusetts. 

Murphy,  T.  D. 

Jansen,  J.  P. 

Wakefield — 

North  Celebes. 

Packard,  G.  A. 

AMERICA   (South). 

Poleleh — 

Missouri 

Argentine   Republic. 

Hailey,  R.  C. 

St.  Louis — 

Casta  no  Nuevo — 

Malay  Peninsula. 

Gazzam,  J.  P. 

Allen,  J.  A. 

Kuala  Lumpur — 

Montana. 

Dawbarn,  0.  S. 

ASIA. 

Wilkie,  D.  C. 

Philipsbwrg — 

Wartenweiler,  F. 

Borneo. 

Penang — 

Sarawak — 

Laurie,  E. 

Nevada. 

McGUlr- 

Young,  H.  S. 

Singapore — 

Sorensen,  S.  S. 

Burma. 

Mance,  J.  C. 

Rawhide — 

Jiairdvin  {I I  si  pan) — 

India. 

Whytock,  P.  R. 

Lakeland,  W.  J. 

Calcutta — 

Reno — 

Dutch  East  Indies(Sumatra) 

Macqueen,  W.  P.  0. 

Bristol,  J.  J. 

Benkoelen — 

Champion  Reef — 

Virginia  City — 

Hovig,  P. 

Thomas,  H.  T. 
Thomas,  W. 

Wisnom,  R.  J. 

Fort  de  Koch  — 

New  Jersey. 

Grammell,  P. 

Marikuppam — 

Brown,  W.  W. 

Franklin  Furnace — 

Ketahoen — 

Leslie,  H.  M. 

Catlin,  R.  M. 

Wolvekamp,  H. 

Tonkin,  J.  L. 

New  York. 

Ketaun — 

Japan. 

New  York — 

Brown,  W.  S. 

Sado — 

Hellmann,  F. 

Kreikhaus,  K. 

Nakamoto,  H. 

Jennings,  S.  J. 

Johnston,  J. 

Lebong  Donok — 

Korea. 

Peele,  R. 

Bayley,  R.  F.  G. 

Chiksa  n — 

Yeatman,  P. 

Filet,  G. 
Foran,  J.  H. 

Mills,  E.  W. 

Pensyllvania. 

Montrose — 

Fhilp,  H. 

Soeterik,  H.  W.  C. 

Unsan  — 

Searle,  B. 

Yates,  A. 

Welhaven,  A. 
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AUSTRALASIA. 

Australia. 
New  South  Wales. 
Boppy  Mountain  — 
Williamson,  W.  D. 

Broken  Hill— 
Gepp,  H.  W. 
Sharpleyj  H. 

Cobar — 

Chappie,  A.  •).  M. 
Lean,  T.  F.  R. 
Thomas,  V.  J. 

Pipeclay  t  'reek  (Pambula) — 
Baugh,  II. 

Sydney 

Shallcross,  V.  F. 
Williams.  (!.  W. 

Turramurra — 

Jenkins,  G  W.  B. 

Queensland. 
Chart  rs  lowers — 
Townsend,  C.  T. 

Victoria. 

Ballarat  — 

Irwin,  II.  15. 

( 'a /■/ton  — 

Mills,  A.  L. 

Daylesford — 

Evans,  W.  B. 

Harriet  viUe — 

Evans,  W.  M. 

Kerang — 

Hawthorne,  J.  W. 

Melhourm 

Moore,  K.  U. 

longio  West-   - 
Shaw,  J.  F. 


West i:i; n   Austr alia. 
Day  Dawn — ■ 

Blyth,  W.  B. 
Chomley,  W.  B. 
Ross,  A.  W. 

F V mist  i)  n 

Mackilligan,  H.  \\. 
Murray,  G.  D. 

Higyinsvilli — 

Grierson,  N".  V. 

Kalyoorlie  — 

Bell,  W.  G. 
Stevens,  T.   I>. 
Tom,  I. 

Laverton — 

Marriott,  F.  A. 

Mount  Magnet  — 
Williamson,  R. 

Southern  Cross  — 
Cameron,  L.  D. 

New  Zealand. 

Auckland  — 

Greer,  J.  C. 
Hopkins,  H.  W. 

Wo.  ih  i  — 

Banks,  E.  G. 
Gray,  J.  W. 

Tasmania. 

Launceston — 

Giblin,  N.  E. 

M angina — 
Miller,  J. 

EUROPE. 
British    Isles. 

I  In  Sin' 

Ford,S.  II. 

Caulijf 

Brangham,  A    F. 


art tu    HOW 

Leng,  R.    W. 

('In  si,  hurst  — 

Parsons,  C.  E. 

( 'raigie,  N.  V>. 
Smith,  E. 

Glasgow — 

Dykes,  J. 
Hill,  J.  W. 

Gra-mpound  Road 

Minards,  W.  [.  K. 

Greenock — 

Alston,  R. 
Galbreath,  N.   M. 

Hampton  Court 

Maxwell,  R.  W. 

High   Wycombe 
Fergusson,  J. 

Hurlford,  N.B.  — 
McKerrell,  D. 

Kingsbi  idge — 
Pearee,  J. 

Launct  ston  — 

Card  well,  1!.  II. 

IAanyby  titer — 
Evans,  A.  D. 


London- 


Bayldon,  H.  C. 
Chew,  R.  W. 
Claudet,  A.  C. 
Clennell,  J.  E. 
Collings,  B.  I. 
Cooke,  R.  C.  H. 
Elmore,  F.  E. 
Feldtmann,  W.  R. 
Griffiths,  A.  P. 
Griffiths,    II.  1). 
Hamilton,  W. 
Ileim,   K. 
Hollo  way,  (!.  T. 
Isaacs,  li.   Mel. 
James,  A. 


Addn  sses  Wanted. 
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London  (continued) 

James,  W.  H.  T. 

Jones,  H.  E. 

Macfarlane,  T.  M.  M. 

Marriott,  H.  F. 

Mills,  T.  L. 

Moncrietf,  R.  M. 

Richards,   F. 

Robinson,  S.  G. 
Suart,  A.  B. 
Tonnesen,  O.  S. 
Trapman,  L.  A. 
Truscott,  S.  J. 
Way  mark,  E.  C. 
Webb,  H.  H. 
Wernher,  Sir  J.  C. 
Wheler,  A.  S. 
Wilkinson,  D. 
Wilkinson,  W.  F. 
Williams,  J.  R. 
Wilson,  N. 
Winslow,  G. 

Lyde- — 

Bosanijuet,  F.  G. 

Manchester — 

Anderson,  J.  S. 
( 'layton,  R.  H. 

Scorrier — 

Bawden,  E.  R. 

Sheffield — 

Deakin,  C.  E. 


Si*  It- up  — 

Swinney,  L.  A. 

Stevenston,  AT.B. — 
Sayers,  J. 

St.  Just — 

Olds,  H.  F. 

Trowbridge — 
Lofts,  FT.  F. 

Truro  — 

Oliver,  W.   H. 

Warrington — 
Locker,  J.  T. 

West  Horsley — 
Evans,  G.  S. 

AUSTRIA. 

T  i  it  ste — 

Prister,  A. 

FINLAND. 

Helsingfors-  - 
Lindberg,  B. 


FRANCE. 


Paris 


Ancarani,  H. 

GERMANY. 

Berlin—  ■ 

Loevy,   I. 

Frankfort  — 

Roessler,  F.  J. 

Haiti  Inure/ — 

Nahnsen,  '  r. 

HOLLAND. 

Jfil  ft-r-mii  — 

Wertheim,  C.  J.  M. 

IM'SSIA. 

A  vzianopetrovsk — 
Pinto,  M. 

Kotchkar — 

Whitturk.  W.  H.  G. 

A' il— 

Avesson,  II. 


Addresses    Wanted- 


Anyus,  T. 
Angus,  W.  il. 
Atkinson,  J. 
Aulsebrook,  li  E. 
Blaeser,  0.  A. 

Carter,  J.  W. 
( lunnack,  .1.  T. 
Dnrant,  B.  T 
Ingle,  F.  0.  W. 


•  lames,  (.'.  G. 
Malherbe,  D.  G. 
.Maxwell,  R.  K. 
Miehie,  .1. 
Royse,  ( ;.  H. 
Ilnsden,  C.  E. 
Russell,  W. 
Stacpoole,  A.  I!.  \V. 
Steele,  W.  II. 


St.  Quintin,  E.  T, 
Surinon,  C.  B. 
Tapscott,  s. 
Thomas,  John 
Townsend,  F.  t '. 
CJpton,  I'. 
Whittinghame,  -I. 
Wood,  (':.  1'. 
Woodley,  R,  ('. 
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Proceeding's 

AT 

Ordinary  General  Meeting-, 
July   17,   1909. 


The  Ordinary  General  Meeting  of  the  Society 
was  held  in  the  Lecture  Theatre  of  the  Trans- 
vaal University  College,  on  Saturday  evening, 
July  17th,  Mr.  R  G.  Bevington  in  the  chair. 
There  were  also  present :  — 

47  Members  :  Messrs.  A.  McA.  Johnston, 
W.  K.  Dowling,  K.  L.  Graham,  E.  J.  Laschinger, 
A.  Richardson,  Prof.  G.  H.  Stanley,  H.  A.  White, 
W.  A.  Caldecott,  W.  Cullen,  E.  H.  Johnson, 
H.  A.  Adams,  Geo.  Albu,  D.  J.  Arkell,  A.  Avent, 

F.  A.  Bawden,  W.  Beaver,  W.  Broom,  S.  Caris, 
P.  Carter,  F.  T.  Chapman,  J.  Gray,  F.  G.  Guthrie, 
J.   H.   Harris,   S.  A.   Herbert,   J.    H.   Johnson, 

G.  A.  Lawson,  J  E.  Metcalf,  D.  Murdoch.  W. 
Nicklin,  F.  B.  Ogle,  A.  Pill,  E.  T.  Rand,  W.  H. 
Roe,  D.  G.  F.  Ross,  H.  A.  Scarf,  A.  L.  Spoor, 
R.  S.  Stokes,  J.  Taggart,  H.  Taylor,  J.  A.  Taylor, 
A.  Thomas,  K.  Tonnesen,  O.  Tonnesen,  A.  D. 
Viney,  F.  W.  Watson,  and  Dr.  E.  Weiskopf. 

12  Associates:  Messrs.  A.  E.  Adams,  A.  G. 
Anderson,  J.  Chilton,  J.  Cronin,  D.  W.  (brig, 
T.  B.  Jennings,  X.  Newland,  H.  B.  Powter,  H. 
Stadler,  A.  M.  Thomas,  G.  G.  Thomas,  and 
C.  Toombs. 

25  Visitors,  including  Sir  T.  Price,  K.C.M.G., 
Mr.  .).  II.  Dobson,  President  S.A.A.  Engineers, 
and  Mrs.  and  Miss  Bevington,  and  Fred,  Rowland. 
Secretary. 

The  minutes  of  the  previous  meeting,  as 
printed  in  the  June  Jowrnal,  were  confirmed, 
after  which  Mr.  Bevington  formally  introduced 
the  new  President,   Mr.  A.  McArthur  Juhnston, 

who  then  took  the  chair. 

NEW    MEMBERS. 

Prof.G.  H.  Stanley  and  Mr.  A.  Richardson  weir 
appointed  scrutineers,  and  alter  their  scrutiny  of 
the  ballot  papers,  the   President  announced  that 


all    the    candidates    for    membership    had    been 
unanimously  elected,  as  follows  : — 

Adams,  Arthur  E.,  Messrs.  Loewenstein,  Adams 
&  Co.,  Ltd.,  P.  O.  Box  644,  Johannesburg. 
Chemist.     (Transfer  from  Associate  Boll.) 

Chandler,  Walter  Make,  Messrs.  H.  Eckstein  & 
Co.,  P.  O.  Box  149,  Johannesburg.  Mining 
Engineer. 

Cusworth,  William  Henry,  Simmer  Deep.  Ltd., 
P.  0.  Box  178,  Gerniiston.  Construction  Work 
Foreman. 

Dowsett,  Rowland  Bertram,  New  Goch  G.  M. 
Ltd.,  P.  0.  Box  1096,  Johannesburg.  Cyanide 
Manager. 

Gibson,  Arthur,  Knights  Deep,  Ltd.,  P.  O.  Box 
143,  Gerniiston.     Smelter. 

Herald,  Andrew  James,  Knights  Deep,  Ltd., 
1'.  0.  Box  143,  Gerniiston.  Mill  and  Tube  Fore- 
man.    (Transfer  from  Associate  Hull.) 

Inglis,  Alexander  Bkownlee,  Thornton  Little 
G.  M.  Co.,  P.  O.  Box  56,  Barberton.  (  Transfer 
from  Associate  Hull,  j 

Lomas,  Albert  Arthur,  Luipaardsvlei  Estate 
and  G.  M.  Co.,  Ltd.,  P.  0.  Box  53,  Krugersdorp. 
Cyanide  Manager. 

McGuire,  .James  Howard,  Jupiter  G.  M.  Co., 
Ltd.,  1'.  0.  Box  27,  Gerniiston.     Mint'  Manager. 

Murray,  Myles  Thornton,  Transvaal  University 
College,  Johannesburg.  Lecturer  and  Demon- 
strator in  Metallurgy  and  Assaying. 

Napier,  William  Flokance,  simmer  Deep,  Ltd., 
P.  ().  Box  43!)7,  Johannesburg  Assistant 
Smelter. 

Nicol,  Gilbert,  P.  0.  Box  11,  Germiston.  Cyanide 
Learner. 

Phillips,  Frederick  David,  Knights  Deep,  Ltd., 

P.O.  Box  L43,  Germiston.     Cyanider. 
I'i:k  b,    Walter    Samuel    Vincent,    Cinderella 

Deep,   Ltd.,   P.   <>.   Box  75,  Boksburg.     Miner. 

(Transfer  from  Associatt  Roll.) 
Steel,   Walter  Scott,    Vogelstruis    Estate    and 

<;.  M.  Co.,  Ltd.,    I'.  (».   Box  L16,   Roodej it. 

Cyanide  Manager. 

Steele  Nicholson,  Arthur,  simmer  Deep.  Ltd., 
P.  o.  Box  17s.  Germiston.  Mill  Foreman. 
(Transfer from  Associate  Hail.) 

Twining,    David  Hopkins,   Rosetta  Sheba  G.  M. 

Co.,  I'.  0.   BOX    136,  Barberton.      Mine  Captain. 

Webb,  Herbert  Douglas,  Simmer  Deep,  Ltd., 
I'.  o.  Box  ITS,  Germiston      Cyanider. 

Wessbls,  Johannes  Jacobus,  Nigel  Deep,  Ltd., 
P.  0.  Box  5U,  Nigel.     Mining  Engineer. 
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The  Secretary  :  Since  the  last  meeting  of 
the  Society  the  following  have  besn  admitted  by 
the  Council: — 

As  Associates. — ■ 

Durell,  Harold  Lancelot  Vavasour,  East  Rami 

Proprietary  Mines,  Ltd.,  P.    O.    Box   65,    East 

Kami.     Surveyor. 
MACAULAY,   Murdo,   Mount  Morgan   Mine,   P.   O. 

Uox  9o,  Barberton     Miner  and  Tribuler. 
Sawyer,  Ronald  Ernest,  East  Hand  Proprietary 

Mines,  Ltd.,  P.  0.  Box  so,  Ka-t  Rand.     Mining 

Engineer. 
Stidolph,  Neville  Harold,  Yankee  Doodle  Mine, 

Selukwe,  S.  Rhodesia.     Millman. 

As  a  Student.  — 
WEBB,    Willmer,    Simmer  and    Jack   Proprietary 
Mines,  Ltd.,  P.  O.  Box  192,  Germiston.  Learner 
in  Assay  Office. 

General  Business. 

The  President :  We  will  now  proceed  to 
genera]  business,  and  I  will  be  pleased  if  any 
gentleman  who  has  anything  to  bring  forward 
will  do  so. 

Mr.  H.  A.  White  {Member  of  Council):  It 
has  become  a  pleasant  practice  recently  for  short 
notes  on  new  ideas  to  be  brought  forward  here, 
and  Mr.  Solly,  of  the  May  Consolidated,  has 
handed  me  the  following  to  read  : — ■ 

NOTES     ON     THE     USE     OF     AIR     LIFT     PUMPS     FOR 
UNDERGROUND    WORK. 

Mr.  B.  C.  Travers  Solly  :  lam  informed  that 
air  lifts  are  not  in  common  use  underground  on  the 
Rand,  and  that  is  my  excuse  for  bringing  the 
small  experience  I  have  gained  in  that  connection 
on  the  May  Consolidated  G.  M.  to  the  notice  of 
members  of  this  Society. 

We  were  led  to  utilise  them  for  the  purpose  of 
unwatering  flooded  winzes,  by  the  fact  that  at 
the  time  a  small  pump  was  not  available  for  the 
purpose.  We  used  a  2  in.  delivery  pipe,  to 
which  was  strapped  a  1  in.  air  pipe.  The  latter 
was  bent  sharply  at  the  bottom,  and  entered  the 
delivery  pipe  for  a  distance  of  3  ft.  ;  the  end  of 
the  air  pipe  was  flattened  with  the  object  of 
splitting  up  the  air  current  to  give  the  greatest 
possible  aeration  of  the  water.  We  started  with 
one  18  ft.  length  of  delivery  pipe,  with  bend  and 
short  length  attached  at  the  top,  and  as  the  flow 
of  water  delivered  decreased,  added  fresh  lengths 
until  the  necessity  for  its  use  in  that  winze  ceased, 
owing  to  an  ordinary  air  driven  pump  being  in- 
stalled. The  lift  at  this  stage  was  a  slope  distance 
of  52  ft.,  in  a  40°  winze,  when  the  surface  of  the 
water  was  llf  ft.  above  the  air  delivery,  or  a  pro- 
portion of  81  "5%.  The  rate  of  delivery  at  the 
start  averaged  about  600  gals,  per  hour  for  the 
first  four  hours,  gradually  decreasing  as  the  dis- 
tance between  surface  of  water  and  end  of  air  jet 


lessened.  Very  little  air  was  recpiired  for  the 
maximum  flow  at  the  start,  but,  as  might  be 
expected,  an  increase  was  necessary  as  the  water 
lowered.  The  lift  was  then  moved  to  another 
winze  and  similar  results  obtained.  This  winze, 
however,  was  down  oidy  a  short  distance  and 
owing  to  an  order  for  turning  off  the  air  at  a 
certain  time  on  night  shift  being  forgotten,  the 
water  was  lowered  to  a  distance  of  26  ft.  from 
the  top  of  the  delivery  pipe,  being  a  distance  of 
7  in.  only  above  the  air  jet ;  when  the  air  was 
turned  off,  the  water  still  being  delivered  was  in 
the  form  of  spray,  and  no  doubt  this  had  been 
the  case  for  some  hours,  giving,  however,  a 
proportion  of  97 "8%.  I  do  not  claim  for  the  air 
lift  thus  used  any  equality  with  ordinary  pumps 
from  the  point  of  view  of  economy;  but  consider- 
ing the  facts  that  practically  no  supervision  is 
required,  no  oiling  of  working  parts,  and  that 
there  is  no  wear  and  tear,  I  do  claim  that  the 
air  lift  can  be  with  advantage  used  for  such  pur- 
poses as  the  unwatering  of  flooded  winzes,  where 
the  question  of  economy  hardly  enters,  and  the 
question  of  rapid  installation  is  of  first  importance. 

THE    LATE    MR.    WAGER    BRADFORD. 

The  President,  referring  to  the  recent  death 
of  Mr.  Wager  Bradford,  said  :  In  the  life 
of  the  individual,  in  the  life  of  a  family,  there 
are  moments  when  the  deepest  sorrow  comes 
upon  each  and  all  ;  so  it  is  in  the  history  of  a 
Society,  and  to-night  it  is  with  extreme  regret 
that  we  miss  the  well  known  face  of  Mr. 
Wager  Bradford.  He  was  a  keen  and  active 
member  in  our  midst  for  many  years,  and  our 
appreciation  of  him  was  shown  in  his  having  been 
our  Vice-President  for  three  years.  There  is 
little  doubt  that  had  not  his  managerial  duties 
demanded  so  much  of  his  time  and  were  it  not 
for  some  diffidence  in  taking  on  responsibilities 
for  which  he  had  not  the  leisure  to  do  justice,  he 
would  have  been  President.  We  knew  him  well, 
and  little  therefore  need  be  said  by  us.  He  was 
a  man  remarkable  for  rectitude  and  straightfor- 
wardness, kindly  in  demeanour,  and  a  thorough 
worker.  We  mourn  his  loss.  I  would  ask  you 
to  night  to  give  your  Council  permission  to  for- 
ward your  sincerest  sympathy  to  his  sorrowing 
wife  and  family. 

The  request  was  acceded  to,  all  standing. 

The  President  :  Gentlemen,  the  next  business 
on  the  agenda  is  my  inaugural  address,  during  the 
delivery  of  which,  our  Vice-President,  Mr.  W.  1!. 
Dowling,  will  take  the  chair. 

Mr.  Dowling  having  taken  the  chair,  the 
President  delivered  his  inaugural  address,  as 
follows  : — 
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INAUGURAL  ADDRESS 

ON    THE 

CRYSTALLISATION  OF  IRON  AND  STEEL. 


By  A.  McArthur  Johnston,  M.A.,  M.I.M.M., 
F.C.S.  (President). 


Some  societies  are  happy  in  imposing  on  their 
newly  elected  president  a  duty  in  the  shape  of 
an  inaugural  address,  whilst  others  demand  a 
retiring  oration.  Of  the  two,  I  would  personally 
prefer  the  latter,  inasmuch  as,  by  then  an  oppor- 
tunity is  afforded  of  talking  about  the  work  done 
during  the  tenure  of  office.  This  Society,  the 
members  of  which  have  done  me  the  honour  to 
elect  me  to  the  highest  position  in  their  power, 
has  an  absurd  practice  of  expecting  an  address, 
hoping  thereby,  it  would  seem,  that  an  auspicious 
opening  may  be  created. 

Casting  back  over  the  performances  of  my 
predecessors,  I  find  that  some  have  contented 
themselves  with  saying  little,  others  have  criticised 
the  work  of  the  previous  session — an  invidious 
task — whilst  there  are  not  wanting  instances 
where  the  presidential  mind  has  soared  into 
prophetic  flights  and  depicted  the  future  greatness 
of  our  industry,  or  of  other  industries  depending 
largely  on  the  skill  of  the  chemist,  the  metallur- 
gist or  the  miner.  Now,  I  am  quite  willing  to 
credit  all  here  with  having  carefully  read  their 
Journals  during  the  past  year,  and  would  there- 
fore excuse  myself  from  reviewing  the  work  done 
and  the  papers  read.  Moreover,  we  are  personally 
acquainted  with  the  excellence  of  the  year  just 
closed  in  the  number  and  quality  of  the  papers, 
a  tribute  not  only  to  the  prestige  of  the  Society 
but  to  the  reputation  of  our  Past-President,  and 
so,  with  your  permission,  I  will  endeavour  to 
interest  you  in  the  study  of  metals  ;  in  this  case, 
in  the  formation,  shape  and  size  of  the  crystals 
formed  in  iron  and  steel  and  the  examination  of 
these  by  means  of  the  microscope. 

Most  of  you  are  aware,  that,  in  a  few  years, 
there  is  great  probability  that  a  new  industry 
— I  trust  I  am  not  prophesying  too  much,  gentle- 
men— is  likely  to  spring  up  in  this  country, 
namely,  the  mining  and  smelting  of  iron  ores. 
Already  our  Government,  realising  its  responsi- 
bilities, has  taken  a  paternal  interest  in  the 
erection  of  furnaces  at  the  capital  for  re-melting 
waste  or  scrap  iron,  and  I  feel  sure  it  is  the  hope 
of  all  of  us  that  this  will  ultimately  develop  into 
the  establishment  on  sound  commercial  lines  of 
many  smelting  works  not  only  for  waste  iron,  but 
for  the  iron  ores  known  to  be  present  in  payable 
quantities. 

Our  industry  is  invariably  dependent  on  many 
others,  and  it  is  only  by  linking  them  up  and 


making  each  a  corollary  of  the  others  that  truest 
economy  can  be  obtained.  We  here  know  the 
constant  striving  we  have  to  obtain  the  last  grain 
of  gold  from  the  rock.  We  know,  besides,  that 
this  is  but  one  of  our  economical  problems,  whilst 
others  lie  before  us,  and  I  am  pleased  to  say  that 
this  Society  has  in  the  past  not  been  backward  in 
pointing  out  the  lines  on  which  other  economies 
could  be  and  should  be  attained.  Let  us  instance 
the  enormous  quantities  of  iron  and  steel  yearly 
imported  into  the  Colony  and  imagine  the  benefit 
not  only  to  our  industry,  but  to  the  country  at 
large,  were  we  able  to  mine  and  refine  our  iron 
ores  and  to  produce  therefrom  the  finished  article. 
We  are  at  the  beginning  of  a  new  industry  it 
would  appear,  and  it  is  necessary  that  we  take 
every  precaution  that  not  only  are  the  best 
methods,  the  most  up-to-date,  adopted,  but  that  the 
lessons  learned  from  gold  winning,  that  what  at 
one  time  was  reckoned  waste  or  rubbish,  may  in 
future  become  valuable  and  well  worth  recovery, 
are  remembered.  Our  aim  should  be  to  conserve 
the  resources  of  the  country,  for  therein  true 
wealth  lies,  and  it  is  necessary  that  the  initial 
work  thall  be  thorough  and  grounded  on  the  best 
principles. 

It  were  perhaps  invidious  that  I  should  criticise 
the  action  of  our  Government  in,  at  this  juncture, 
choosing  mechanical  engineers  to  study  the  question 
of  smelting  and  refining  of  iron  and  iron  ores,  but 
in  view  of  many  failures  in  the  past  with  the 
introduction  of  new  industries,  I  feel  that  a 
warning  is  necessary.  This  work  comes  in  reality 
under  the  sphere  of  the  metallurgist,  and  is  quite 
beyond  the  scope  of  training  undertaken  by  our 
confreres — the  engineers. 

To  impress  upon  members  the  advantages  of 
following  on  the  best  principles,  I  would  to-night 
crave  your  attention  when  I  deal  with  one  of  the 
latest  phases  of  iron  and  steel  examination.  All 
metallurgists  are  aware  tnat  the  first  importance  in 
iron  and  steel  manufacture  is  given  to  the 
chemical  composition.  Herein  lies  the  main 
element  of  successful  commerce,  but  inasmuch  as 
chemical  analyses  can  definitely  control  this, 
there  occurs  but  seldom  a  steel  which  gives 
trouble  owing  to  the  false  or  improper  mixing  of 
the  elements.  Next  in  importance  to  this,  is  the 
treatment  to  which  the  metal  or  alloy  has  been 
subjected  during  manufacture  and  herein  lies  the 
cause  of  many  otherwise  inexplicable  failures. 

More  often  than  not,  rule  of  thumb  methods 
are  adopted,  temperatures  are  taken  by  visual 
effect8,  and  a  general  amount  of  carelessness,  due 
principally  to  ignorance,  is  bound  to  occur.  A.S  a 
mi. ins  of  determining  the  composition  to  some 
extent,  and  the  treatment  which  any  particular 
steel  has  undergone,  I  now  propose  to  put  a  few- 
facts  before  you  on  the  crystallisation  of  iron  and 
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steel,  especially  when  viewed  under  the  micro- 
scope. The  subject  is  a  vast  one  and  its  growth 
of  but  recent  date,  so  I  would  ask  you  to  excuse 
me  if  1  touch  on  a  very  limited  section  of  it,  and 
am  a  trifle  elementary  in 'many  parts.  It  is  my 
intention  to  deal  mainly  with  the  size  of  the 
crystals  in  iron  and  steel  and  the  effect  on  these 
of  heat  treatment,  mechanical  treatment,  and  of 
the  strains  and  stresses  set  up  during  work. 

To  many,  a  piece  of  iron  is  viewed  as  a  homo- 
geneous mass,  made  up,  it  maybe,  of  many  small 
multi-sided  crystals,  as  seen  when  a  fracture  is 
made.  Modern  microscopic  investigation  has, 
however,  revealed  to  us  the  exact  nature  of  the 
combinations  found  in  all  kinds  of  iron  and  steel. 
Briefly  sketched,  the  method  of  obtaining  this 
information  is  as  follows.  A  small  piece  of  any 
particular  sample  is  taken,  due  regard  being 
given  to  its  position  in  the  main  structure  ;  one 
of  the  faces  is  filed  flat  and  then  ground  on 
emery  paper  and  finally  polished  by  the  finest 
rouge  until  no  scratches  are  seen  and  a  mirror 
like  structure  is  obtained.  This  is  then  observed 
under  the  microscope,  and  not  infrecpuently  deduc- 
tions may  then  be  drawn,  as  to  the  nature  of  the 
material  and  the  treatment  which  it  has  under- 
gone. Thereafter  the  polished  surface  is  dipped 
for  a  very  short  time — 5  to  10  seconds — in  an 
acid,  usually  nitric  or  picric,  which  has  the  effect 
of  eating  away  certain  portions  and  not  affecting 
others  ;  the  untouched  portions  are  bright  in 
colour,  whilst  the  others  are  dark  or  dulled,  due 
to  the  depth  of  the  furrows  or  hole.  The 
microscope  shows  that  pure  metals  consist  of 
polyhedral  grains,  each  of  which  is  separated 
from  the  others  by  a  very  thin  boundary  line  and 
which  are  themselves  found  to  be  made  up  of 
numbers  of  minute  crystals,  each  a  replica  of  the 
large  grain.  During  the  cooling  from  the  plastic 
state,  these  crystals  have  .separated  out  and  the 
irregular  shapes  are  due  to  the  lapse  of  time  and 
the  compression  in  area  dining  the  solidification. 

The  size  of  these  grains  is  dependent  on  many 
circumstances,  among  which  may  be  noted  (<i) 
the  temperature  to  which  the  metal  has  been 
heated  prior  to  cooling,  (0)  the  rate  of  cooling, 
(c)  the  treatment  during  cooling,  (,/)  the  presence 
of  certain  constituents  or  impurities  which  have, 
according  to  their  nature,  the  power  of  increasing 
or  decreasing  the  size  of  the  grains,  and  (e)  the 
nature  of  the  metal  itself.  The  reason  why  that 
variation  is  capable  of  taking  place  is  that  iron  or 
steel  above  a  certain  temperature  possesses  the 
property  expressed  by  the  term  "solid  solution." 
This  phrase  may  not  be  a  happy  one,  since  to  the 
ordinary  mind,  it  expresses  a  contradictory  state, 
but  it  is  expressive  inasmuch  as  it  attributes  to 
the  iron  in  a  semi-solid  state  the  properties  of  a 
solution.      We    know   that    when    whiskey    and 


water  are  mixed,  we  cannot  either  by  the  micro- 
scope nor  in  any  other  way  detect  the  one  from 
the  other.  The  mixture  is  complete  and  a 
solution  has  been  formed  with  thorough  merging 
of  each  in  the  mixture.  Again,  when  sodium  and 
chlorine  are  brought  into  chemical  combination, 
salt  is  obtained  which  exhibits  none  of  the 
characteristics  of  each  of  these  elements — the 
identity  of  each  is  here  also  merged.  So  when 
iron  and  carbon  are  brought  together  at  a  high 
temperature,  there  is  obtained  an  alloy  which, 
above  700°  C.  is  in  a  state  of  solid  solution. 
Below  this  temperature,  however,  we  find  that 
separation  takes  place  in  the  solid  form  attained. 

Now  we  find  that  all  metals  in  cooling  from 
this  state  of  solid  solution,  which  they  have 
attained  at  high  temperatures,  segregate  out  into 
crystals  or  grains.  These,  viewed  under  the 
microscope,  are  seen  to  be  many  sided  and  of 
irregular  shape.  As  one  of  the  most  simple 
metals,  let  us  examine  a  piece  of  wrought  iron, 
which  wTe  take  in  this  instance  because  pure  iron 
is  exceedingly  difficult  to  get.  Wrought  iron  has 
usually  been  subjected  to  a  certain  amount  of 
mechanical  treatment,  and  it  is  interesting  to 
note  the  size  and  shape  of  the  grains  and  the 
effect  thereon  of  the  welding  or  rolling.  Let  us 
examine  Fig.  1.  This  represents  the  structure 
of  wrought  iron,  the  face  exposed  being  a  cross- 
section,  or  that  at  right  angles  to  the  direction  of 
rolling.  It  will  be  noted  that  the  grains,  which 
are  distinguished  from  each  other  by  the  boundary 
lines  and  by  the  slight  varying  degree  of  light 
and  shade,  due  to  orientation,  that  is  the  deflec- 
tion of  the  light  from  the  surface'  planes  at 
different  angles,  are  more  or  less  constant  in 
shape  and  size,  no  marked  degree  of  elongation 
in  either  direction  being  apparent.  The  dark 
patches  are  generally  sulphides  of  manganese 
or  iron,  and  cinder,  which  are  present  in  all 
commercial  wrought  iron,  and  you  will  note  that 
although  irregular  in  shape,  no  pronounced  elon- 
gation of  these  areas  in  any  particular  direction 
is  noticeable. 

Fig.  2  shows  the  same  piece  of  metal  with  the 
longitudinal  side  exposed  to  the  lens.  Note  here, 
first,  that  the  grains  are  approximately  of  the 
same  size  as  in  the  preceding,  and  that  in  this 
case  also  they  exhibit  no  inclination  to  stretch  in 
the  direction  of  rolling.  A  difference,  however, 
arises  in  this  case  in  that  the  slag  is  very  pro- 
nounced both  in  size  and  shape.  All  these 
particles  extend  in  the  direction  of  rolling  and 
present  elongated  areas.,  which  in  themselves 
conduce  not  at  all  to  the  strength  of  the  iron. 
The  quantity  of  slag  present  in  wrought  iron 
helps  materially  to  determine  the  quality,  since, 
as  I  say,  its  importance  is  entirely  a  negative 
one.      Annealing  will  alter  the  sliape   and  condi- 
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tion  of  the  iron  or  steel  crystals,  but  fails  to  alter 
the  cinder  and  slag  areas  elongated  by  rolling  or 
forging. 

These  photo  micrographs  show  distinctly  that 
the  opinion  held  by  many  engineers  that  wrought 
iron  is  fibrous,  is  based  on  a  fallacy.  In  all 
•ordinary  material,  the  crystals  are  as  regularly 
shaped  in  longitudinal  section  as  in  a  transverse 
section  ;  whilst  even  in  cold  worked  iron  in  no 
case  does  the  elongation  of  any  particular  grain 
amount  to  more  than  two  or  three  times  its  least 
diameter,  and  this  is  quite  insufficient  to  base  an 
assumption  that  the  structure  is  fibrous,  more 
especially  as  even  in  this  latter  case,  the  distinctive 
character  of  the  grain  is  still  maintained.  Whence 
arises  this  fallacy  then  .'  "We  know  that  many 
engineers  prefer  a  wrought  iron,  which  has  a 
stringy  or  fibrous  look.  The  sellers  know  this 
also  and  they  take  care  that  the  engineer  is  not 
disappointed.  With  a  little  practice  in  breaking, 
the  same  piece  of  steel  or  iron  can  be  made  to 
show  quite  opposite  structures.  For  example, 
wrought  iron  if  nicked  on  one  side  and  slowly 
bent,  gives  a  decidedly  fibrous  looking  fracture; 
whilst  if  nicked  on  both  sides  and  sharply  broken, 
a  crystalline  structure  is  obtained. 

These  two  photo  micrographs  represented  to 
you  the  structure  of  wrought  iron,  very  often 
termed  carbonless  iron,  a  term  rather  a  misnomer, 
since  in  all  commercial  varieties  of  wrought  iron 
some  carbon  is  found,  though  in  many,  it  is  true, 
only  to  a  very  limited  extent.  Let  us  examine 
now  the  appearance  of  iron  containing  carbon, 
that  is,  steel. 

Engineers  know  well  the  valuable  properties 
which  the  presence  of  carbon  bestows  on  iron. 
Pure  iron  is  soft  and  ductile  at  ordinary  tempera- 
tures, whilst  even  a  small  percentage  of  carbon, 
say  0'2%,  forming  thus  a  mild  steel,  gives  to  the 
iron  greater  hardness  and  strength.  Before 
proceeding  further,  I  would  like  to  draw  your 
attention  to  the  technical  names  used  in  steel 
micro-structure.  These  are  ferrite,  pearlite  and 
•cementite.  Ferrite  means  pure  iron,  cementite 
means  iron  which  is  saturated  with  carbon,  and 
pearlite  is  a  mixture  of  these  two  forming  a 
■compound  to  which  the  term  eutectic  is  given. 
This  cementite  contains  6'9%  of  carbon,  and  is  a 
chemical  compound  of  iron  and  carbon,  sometimes 
termed  iron  carbide,  Fe3C.  The  steel,  therefore, 
may  be  in  either  of  three  stages,  either  much  ferrite, 
along  with  pearlite  ;  pearlite  alone,  forming  the 
•eutectic  state,  that  is  when  about  0*9%  of  carbon 
is  present ;  and  pearlite  plus  cementite.  To 
illustrate  the  different  properties  belonging  to 
these,  I  will  quote  from  H.  C.  Boynton  before  the 
Iron  and  Steel  Institute,  1906,  where  he  gives  the 
hardness  of  ferrite  as  1,  pearlite  as  from  3  to  4, 
•and  cementite  as  272*8. 


As  the  word  eutectic  is  constantly  in  use  in 
metallographic  work,  I  would  like  to  explain  it  in 
greater  detail.  Steel,  when  cooling  from  the  state 
of  solid  solution,  separates  out  into  ferrite  and 
cementite.  Like  other  simple  binary  metallic 
alloys,  it,  during  cooling  from  a  state  of  molten 
solution,  behaves  in  the  same  manner  as  a 
solution  of  salt  in  water.  When  an  unsaturated 
solution  of  salt  water  is  cooled  to  a  certain 
temperature,  it  is  found  that  water  begins  to 
freeze  out,  and  further  lowering  of  the  temperature 
drives  out  more  of  the  water  until  the  saturation 
point  is  reached,  when  it  is  noted  that  continued 
cooling  sepai-ates  out  a  very  fine  mechanical 
mixture  of  salt  and  ice.  This  mixture  of  crystals 
is  called  the  eutectic  and  represents  a  fixed 
definite  ratio  of  ice  to  salt.  In  a  low  carbon 
steel  the  same  phenomenon  is  witnessed.  Reduc- 
tion of  temperature  during  the  state  of  solid 
solution  freezes  out  ferrite  until  the  critical  point 
is  reached  when  the  mother  metal  solidifies  as  a 
mechanical  mixture  of  ferrite  and  cementite. 
This  is  pearlite,  and  when  the  whole  mass  contains 
no  excess  ferrite  and  no  excess  cementite,  the 
steel  is  wholly  pearlite  and  is  called  the  eutectic. 
When  iron  and  carbon  only  are  present  eutectic 
steel  is  formed  with  a  percentage  of  0"9%  of 
carbon,  but  the  presence  of  other  ingredients 
tends  to  lower  this  figure.  Pearlite  forms  crystals 
in  the  same  way  as  pure  metal  does.  When  more 
than  this  percentage  of  carbon  is  present,  we  find 
brought  into  existence  excess  cementite.  Note 
that  cementite  takes  the  place  of  ferrite  and  forms 
the  boundary  lines  between  the  grains  of  pearlite. 

Fig.  Xo.  3  shows  a  mild  steel  containing  0*2 
carbon.  Here  will  be  seen  the  white  areas  of 
ferrite  and  the  darker  patches  of  pearlite,  the 
former  occupying  by  far  the  greater  part  of  the 
surface.  Pearlite  may  be  distinguished  from 
slag,  in  this  quality  of  iron,  in  that  it  is  not 
rounded  or  lake  like  in  structure.  It  shows  no 
slate  or  dove  coloured  tints,  but  rather  is  seen  to 
consist  of  small  plates  of  bright  and  dark  colours, 
this  being  more  evident  under  higher  magnifica- 
tions. When  viewed  under  oblique  light,  pearlite 
is  composed  of  various  tints,  much  resembling 
the  rainbow  effects  of  mother  of  pearl — hence  its 
name. 

Before  proceeding  further  with  the  crystallisa- 
tion of  steel,  I  would  draw  your  attention  to  the 
photograph,  Fig.  I,  where  a  unique  break  in  a 
cam  shaft  is  seen.  The  two  ends  are  shown  and 
you  will  note  the  longitudinal  break  right  down 
the  middle  of  the  shaft.  This  shaft  was  Bold  as 
double-faggotted  iron  and  the  break  occurred 
about  halfway  from  either  end.  As  yon  know 
this  class  of  iron  is  made  from  scrap,  ami  heat 
treated  and  hammered  until,  what  is  claimed  to 
be   an   excellent   shafting,    is   obtained.       Micro- 
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sections  were  obtained  from  each  of  the  broken 
ends,  and  I  reproduce  them  here.  One,  Figs.  5 
and  6,  shows  the  structure  of  wrought  iron  and 
the  other,  Figs.  7  and  8,  that  of  mild  carbon 
steel.  In  both  you  will  see  the  crystals  of  ferrite, 
but  in  the  former  the  dark  areas  are  slag,  whilst 
in  the  latter  they  are  seen  to  be  pearlite.  The 
difference  between  these  is  further  accentuated  in 
the  higher  magnifications.  En  passant,  I  would 
point  out  that  although  this  material  has  been 
hammered  and  rolled,  no  decided  drawing  out  or 
elongation  of  the  crystals  is  apparent.  Now  I 
have  said  that  the  influence  of  the  slag  in  iron  is 
entirely  negative,  that  is,  it  weakens  the  material 
inasmuch  as  it  lias  no  strengthening  effect  and 
takes  the  place  of  iron.  This  cam  shaft  therefore 
has  one  disadvantage  in  that  there  is  so  much  of 
this  useless  matter  present.  Had  the  temperature, 
during  which  the  mechanical  work  was  performed, 
.  been  considerably  higher,  there  is  every  probability 
that  much  of  this  would  have  been  eliminated 
and  the  shafting  thereby  strengthened.  I  do  not 
hold  that  the  mixing  of  mild  steel  with  good 
wrought  iron,  would  have  a  deleterious  effect  on 
this  class  of  material,  as  one  piece  examined  in 
which  both  were  found  failed  to  show  any 
junction  lines.  The  blending  or  merging  of  one 
into  the  other  was  complete. 

A  more  serious  objection  to  this  particular 
instance  lies  in  the  longitudinal  break,  as  this 
would  tend  to  the  conclusion  that  the  temperature 
of  welding  was  too  low,  with  the  result  that  the 
different  layers  failed  to  unite  and  thus  was 
formed  a  line  of  intergranular  weakness.  The 
cpaestion  of  the  best  material  to  use  for  cam 
shafts  is  one  which  our  engineers  ought  to  carry 
to  a  logical  conclusion,  as  much  money  is  yearly 
thrown  away  on  these  fields  on  account  of  not 
only  bad  material,  but  unsuitable  material,  being 
supplied.  An  unkind  critic  told  me  the  other 
day  that  makers  are  not  anxious  to  improve  the 
quality,  since  doing  so  would  mean  that  they 
would  fail  to  sell  as  many  as  they  do  at  present. 
I,  however,  put  little  faith  in  this  kind  of 
criticism  as  it  shows  an  utter  failure  to  under- 
stand the  first  elements  of  political  economy, 
and  I  can  only  say  that  if  any  engineering 
firm  is  anxious  to  conduct  tests  on  the  best 
class  of  iron  for  building  cam  shafts,  we  here 
will  only  be  too  pleased  to  help  them  out  to  the 
best  of  our  ability.  The  item  is  a  serious  one  in 
many  mills,  and  any  improvement  would  mean  a 
considerable  saving. 

A  further  increase  in  the  carbon  content  is 
shown  in  Fig.  9,  where  we  find  a  considerably 
less  extent  of  the  white  ferrite  and  an  increased 
pearlitic  structure. 

A  0-5%  carbon  steel  is  seen  in  Fig.  10  and  the 
main  difference  here  lies  in  the  decreasing  area  of 


the  ferrite  and  the  increasing  expanse  of  pearlite. 
More  distinctly  is  noted  the  size  and  shape  of  the 
pearlite  crystals,  which  are  now  enclosed  by 
bands  of  ferrite. 

I  would  next  bring  to  your  notice  the  photo 
micrograph  of  a  steel,  Fig.  11,  containing  0"75% 
carbon,  of  which  I  have  obtained  a  magnification 
of  1,000  diameters.  This  brings  clearly  into 
viewr  the  nature  of  the  pearlite,  which  is  here 
seen  both  in  the  laminated  and  granular  form. 
The  laminated  consists  of  alternate  thin  plates  of 
cementite  and  ferrite,  and  the  granular  of  a  very 
short,  scrappy  looking  admixture  of  the  same 
constituents.  You  will  note  that  the  grains  or 
crystals  of  pearlite  are  bounded  by  lines  of 
ferrite,  which  points  to  a  network  crystallisation 
of  the  excess  ferrite  with,  immediately  afterwards, 
the  filling  in  of  the  interstices  by  the  pearlite 
grains. 

Shortly  afterwards  we  reach  the  stage  when 
nothing  but  pearlite  is  found  to  exist.  This  is  the 
eutectic  steel,  which  as  I  have  already  noted,  occurs 
in  pure  iron-carbon  alloys  when  the  carbon  con- 
tent reaches  0-9%.  Above  this  point,  we  find  that 
instead  of  ferrite  being  in  excess,  the  cementite 
is,  and  forms  the  boundary  lines  between  the 
grains  of  pearlite.  This  forms  a  high  carbon 
steel,  hard  and  brittle,  and  in  Fig  12  is  seen  the 
microstructure  of  such,  viz.,  containing  1'25% 
carbon.  The  reason  for  this  brittleness  is  that 
the  walls  of  cementite,  since  their  coefficient  of 
contraction  is  greater  than  the  pearlite  grains, 
form  a  line  of  weakness. 

Having    thus    briefly    dealt    with    the    main 

elementary    composition    of    iron    and    steel,    as 

shown  by  the  microscope,  I  would  like   to  draw 

your  attention  next  to  the  size  of  the  crystals  and 

the  effect  on   them  of  heat,  work  and  chemical 

composition.     It  is  generally  recognised  that  the 

smaller  the  grain,  the   higher   are   the  physical 

properties  of  the  steel  and  iron.     The  following 

figures  obtained  by  Sauveur  tend  to  prove  this: — 

Tensile  strength, 
kilograms  per 

S(|.  111.111. 

148        69-6      15-0     20 

118        703      190     22 

62        777      22-5      25 

In    determining   the    size    of    the   grain,    the 

influence  of  heat  is  of  great  importance.     Before 

dealing  with  this,  I  would,  however,  like  to  bring 

to  your  notice  that   in   all   commercial   iron   and 

steel    there    is    what    is    known    as    the    critical 

temperature.     By  this  is  implied  that  in  cooling 

from  high  temperatures  a  point  is  reached  when 

an  increased  evolution  of  heat  takes  place.     This 

change  is  entirely  a  physical  one.      Prior  to  this 

the   alloy    is    capable    of    change,    chemical    or 

physical,   but  after  passing  this  point   no  other 

change  takes  place  ;  the  metal  is  set.      In   pure 
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0-0001  sq.  m.iii. 
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iron,  three  critical  temperatures  are  noticed — 
860'  C,  750*  C.  and  690°  C,  whilst  in  hard 
steel  only  one  is  found,  namely,  690°  C.  These 
points  are  very  much  influenced  by  the  chemical 
constituents,  and  generally  speaking,  the  less 
pure  the  metal,  the  more  tendency  is  thers  to  one 
critical  temperature  being  found. 

The  main  influence  of  heat  is  seen  to  be  that 
the  higher  the  temperature,  above  the  critical 
point,  to  which  the  metal  is  brought,  the  larger 
will  be  the  grain,  whilst  the  nearer  this  point  the 
heat  reaches,  the  smaller  is  the  size  attained, 
that  is,  the  finer  is  the  structure.  This  of 
course  presupposes  equality  in  the  rate  of  cooling. 
Figs.  13 — 15  clearly  indicate  this  phenomenon. 
These  are  diagrams  by  Campbell  and  show  soft 
steel  heated  to  :  Fig.  13,  about  900*;  Fig.  14, 
1,200°;  and  Fig.  15,  1,300°.  It  is  interesting 
in  this  connection  to  note  that  when  steels  con- 
taining about  0*8%  carbon  are  heated  to  between 
1,100°  C.  and  1,200°  C.,  a  critical  point  is 
reached,  above  which  the  injurious  effects  of  over- 
heating are  very  marked.  Such  a  steel  as  a 
jumper  or  drill  steel  would  come  under  this  class. 

Again,  provided  that  steels  of  similar  composi- 
tion be  brought  to  the  same  high  temperature, 
then  the  relative  size  of  the  grain  depends  entirely 
on  the  rate  of  cooling.  This  is  evidenced  by  the 
following  three  photo  micrographs,  Figs.  16 — 18. 
Fig.  16  shows  the  result  of  heating  to  800°  C. 
and  cooling  in  air.  Fig.  17  has  been  heated  to 
1,000°  C.  and  cooled  in  air.  Fig.  18  to  1,000°  C. 
and  cooled  in  the  furnace 

As  following  on  these  principles,  we  find  that 
the  structure  of  hardened  or  unhardened  steels 
can  be  changed  by  heating  them  to  the  critical 
point,  and  provided  that  that  point  be  not  greatly 
exceeded,  the  coarsest  structure  can  be  converted 
into  the  finest  possible  the  metal  can  assume. 
This  is  the  process  generally  known  as  annealing, 
and  by  it  brittle  or  overhard  steel  is  converted  to 
practically  any  degree  of  hardness  required,  the 
final  hardness  being  dependent  on  the  length  of 
time  annealing  has  taken,  the  degree  of  heat 
applied  and  the  subsequent  rate  of  cooling.  A 
very  coarse  crystalline  structure  is  also  obtained 
by  subjecting  the  steel  to  a  lengthy  treatment 
above  1,000°  C.  This  coarseness  implies  brittle 
ness,  and  should  the  temperature  be  considerably 
above  this,  and  the  time  relatively  long,  there  is 
very  grave  danger  of  the  metal  being  burnt. 

The  size  of  the  crystals  can  be  reduced  by  cool 
ing  quickly  and  the  burning  effect  reduced  by 
extended  annealing,  except  when  the  temperature 
has  been  so  high  that  the  melting  point  has  been 
almost  reached  so  that  gases  have  been  given  off 
with  subsequent  oxidation  of  the  metal.  As  an 
interesting  sidelight  on  this  you  may  ask  why  it 
is  that  a   steel  can   cool  from  the  melting  point 


without  burning,  when  a  lesser  degree  of  heating 
burns  the  metal.  The  most  probable  explanation 
is,  that  when  the  metal  is  cooling  from  the  molten 
state,  hydrogen  gases  are  given  off,  which  prevent 
air  from  getting  in,  but  in  the  case  of  reheating 
to  near  the  melting  point,  there  is  an  intake  of 
air  between  the  crystals,  and  thus  oxidation  with 
its  concomitant  burning  takes  place. 

The  next  most  important  influence  on  the 
crystallisation  of  steel  is  the  treatment  to  which 
it  is  subjected  during  cooling.  This  may  be  of 
two  kinds,  the  degree  or  rate  of  cooling,  and  the 
mechanical  usage  it  receives.  Concerning  the 
former,  I  have  shown  that  the  quicker  the  rate  of 
cooling  the  smaller  will  be  the  grain  size.  On 
this  principle  depends  the  reason  why  the  outer 
layer  of  steels  and  cast  irons  is  always  smaller  in 
grain  size  than  is  found  further  in.  The  cooling 
naturally  has  been  quicker  there,  hence  the 
largest  grains  are  nearest  the  centre.  This,  within 
limits,  explains  why  the  skin  of  these  is  always 
reckoned  as  the  strongest  part  by  many  engi- 
neers. More  importance,  however,  may  be  given 
to  the  effect  of  mechanical  work  on  steel.  This 
may  be  divided  into  hot  working  and  cold  work- 
ing. Hot  working  is  known  as  that  carried  on 
when  the  temperature  is  above  the  critical  point, 
w7hilst  cold  working  implies  work  below  this. 
Let  us  instance  the  case  of  a  wire  in  a  rope. 

The  billet  before  being  mechanically  drawn 
has  a  certain  size  of  grain.  The  first  passage 
between  the  rolls  breaks  down  this  grain,  and 
the  subsequent  grain  formed  takes  the  size 
attained  at  the  temperature  at  that  time.  The 
next  rolling  or  drawing  breaks  down  this  grain 
size,  and  another  grain  is  formed  with  the  size 
of  that  temperature.  This  would  continue  dur- 
ing subsequent  rolling,  until  the  temperature  of 
the  final  passage  through  the  gauge  gives  the 
size  of  the  grain  found  in  the  wire.  In  this  case, 
the  action  of  the  rolling  has  been  felt  right 
through  the  wire,  and  the  grain  throughout  has 
been  prevented  from  forming  until  the  final 
drawing  is  finished.  It  thus  follows  that  the 
temperature  at  this  time  will  determine  the 
relative  size  of  the  grain.  In  the  case  of  very 
hard  drawn  wires  the  crystals  may  be  found 
drawn  out  into  long,  narrow  forms,  which  may 
be  called  fibres,  though,  inasmuch  as  the  gr 
length  of  these  may  not  exceed  two  or  three 
times  the  least  dimension,  and  the  crystal 
remains  intact,  except  when  distortion  takes 
place,  the  term  is  rather  a  misnomer. 

I  have  here  for  your  inspection  three  photo- 
graphs showing  the  structure  of  wires  Fig.  19 
shows  tlic  section  of  a  wire  which  has  been  heated 
up  to  a  point  slightly  above  the  critical.  The 
grains  are  regular  and  evenly  distributed.  In 
Fie.  2<)  you  will  see  that    the   ferrite    is  found  in 
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elongated  shapes,  resembling  fibres,  and  this 
shows  that  cold  working  has  taken  place;  whilst 
in  Fig.  21  you  can  note  not  only  two  cracks 
extending  across  the  section,  but  also  a  consider- 
able distortion  of  the  ferrite  grains.  This  last 
photo  micrograph  depicts  a  longitudinal  section 
of  a  wire  from  a  rope,  which  had  been  in  use 
here.  It  is  probable  that  the  wires  to  begin  with 
were  hard  drawn,  and  the  subsequent  bending 
treatment  in  passing  over  the  sheaves  had  ren- 
dered them  so  britt'e  that  not  only  had  distortion 
of  the  grains  taken  place,  but  cracks  at  right 
angles  to  the  length  of  the  wire  had  developed. 
It  is,  of  course,  needless  to  point  out  that 
once  these  cracks  have  reached  this  stage  no 
annealing  will  induce  improvement  in  the 
metal. 

A  more  vigorous  action,  such  as  hammering, 
will,  of  course,  have  the  same  effect  on  a  larger 
piece  of  metal,  and,  provided  that  this  mechanical 
work  is  sufficiently  strong  to  make  its  influence 
felt  to  the  centre,  no  crystallisation  will  begin 
whilst  it  continues.  Should,  however,  the  action 
of  the  blow  reach  but  a  certain  distance  into  the 
material,  then  crystallisation  will  begin  beyond 
that  point,  and  this  explains  why  in  large 
diameter  shafts  the  nearer  the  centre  the  larger  is 
the  grain — the  action  of  the  rolling  has  not  been 
felt  there.  This  is,  however,  counteracted  to  a 
certain  extent,  by  the  initial  heating  of  the 
material  not  being  so  great  at  the  centre  of  the 
metal  as  on  the  outside. 

This  hammering  or  mechanical  work  has,  as 
we  all  know,  a  further  use  in  that  in  many 
instances  it  closes  up  blow-holes  or  drives  out 
enclosed  cinder  or  slag.  To  effect  this,  it  is  ad- 
visable that  the  alloy  be  worked  as  hot  as  is 
possible  without  injuring  the  metal,  since 
there  is  less  power  required  and  the  work  is 
better  performed.  In  finishing  off  it  may  be 
found  advisable  to  cool  the  metal  to  very  near 
the  critical  point,  whilst  mechanical  work  is 
maintained.  Thus  is  obtained  a  low  finishing 
temperature  and  consequently  a  fine  grain.  We 
are  familiar  with  the  procedure  adopted  in  weld- 
ing, when  the  blacksmith  thickens  the  weld,  so 
that  the  subsequent  hammering  which  he  finds 
advisable  may  bring  the  shape  to  the  required 
size  and  the  grains  to  the  smallest  possible. 

Mechanical  work  may  also  be  applied,  or  Ave 
had  better  say  misapplied,  where  the  temperature 
is  below  the  critical.  This  is  injurious  to  the 
steel  since  the  crystals,  having  by  this  time 
definitely  set,  are  destroyed  either  by  flattening, 
elongating  or  otherwise  distorting  them.  We 
find  this  in  boilers,  tanks  or  large  pipes  which 
have  to  undergo  great  pressure.  The  cold  work 
performed  during  rivetting  causes  deformation, 
which  ultimately  leads  to  the  destruction  of  the 


iron  through  fatigue.  To  a  great  extent  this 
may  be  remedied,  and  the  original  structure 
restored  by  annealing. 

The  size  of  the  grain  may  also  vary  according 
to  the  other  constituents  of  the  metal,  but  into 
this  question  I  shall  not  enter  to-night.  Much 
more  research  work  has  yet  to  be  done  in  this 
direction,  since  the  influence  of  but  compara- 
tively few  of  foreign  elements,  when  com- 
pounded with  iron  or  with  steel,  have  been  deter- 
mined. 

Now  there  is  one  point  which  appeals  to  all  of 
us,  and  that  is  that  the  crystal  is  by  its  very 
nature  brittle.  That  this  is  only  relatively  so,  I 
would  now  proceed  to  show  you.  When  we  com- 
pare the  crystals  in  metals  with  those  found  in 
rocks,  we  note  that  marble,  which  is  a  crystalline 
body,  is  capable  of  much  deformation,  through 
stress,  without  alteration  of  structure.  This 
applies  to  a  block  of  ice  also,  and  we  find  that 
the  crystals  in  metals  are  so  elastic  that  they  can 
withstand  a  very  considerable  amount  of  strain 
or  pressure  without  deformation.  When  slow 
deformation  does  take  place,  there  is  no  shatter- 
ing of  the  crystal,  but  only  a  gradual  appearance 
of  crasks  within  the  crystal,  or  rather,  grain, 
itself.  These  minute  cracks  develop  especially 
when  there  are  sudden  and  severe  reversals  in 
the  stresses,  and  we  find  that  the  crystalline 
elements  relatively  alter  their  position  with  each 
other.  It  is  only  after  the  strain  becomes  too 
great,  and  the  number  of  cracks  extend  almost 
right  across,  that  fracture  is  obtained.  This  is 
called  slipping,  and  the  cracks  slip-bands. 
Repeated  grinding,  due  mainly  to  the  reversal  in 
stresses,  between  the  faces  of  the  slip-bands,  tends 
to  lower  the  cohesion.  Fig.  22  shows  a  crack 
which  has  developed  in,  say  a  grain,  and  has 
extended  right  across  the  section,  sometimes  cut- 
ting through  a  grain  and  at  other  times  running 
along  the  junction  lines. 

Should,  however,  a  metal  have  been  but 
slightly  strained,  a  rest  cure  is  beneficial.  An 
approximate  return  to  its  former  state  is  thus 
secured,  the  length  of  time  required  varying 
directly  with  the  temperature  and  the  amount  of 
strain.  This  metal  was  at  that  time  in  an 
unstable  condition,  and  therefore  more  liable  to 
correction  or  alteration  than  one  which  had  been 
greatly  strained  or  cracked.  This  unstable  con- 
dition is  commonly  known  among  engineers  as 
fatigue.  A  steel  spring  in  a  watch  will  go  on  for 
years  without  losing  its  elasticity,  and  so  we 
conclude  that  its  elastic  limit  has  never  been 
exceeded — fatigue  has  not  been  generated.  The 
steel  spring  on  a  railway  car  can  last  many  years 
without  breaking  or  mayhap  without  losing  its 
spring,  if  care  be  taken  that  too  heavy  a  burden 
be  not  imposed  on  it.     Miscroscopic  examination 
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shows  no  deformation.  A  series  of  slight  jars 
may,  however,  cause  the  elastic  limit  to  be 
approached,  and  then  we  find  these  slip-bands 
appearing,  and  the  consequent  weakening  of  the 
spring  with,  in  time,  ultimate  failure. 

It  will  be  found  that  slight  heating  or  anneal- 
ing will  often  be  beneficial  to  the  iron  or  steel  in 
the  "  fatigued "  condition,  provided,  of  course, 
deformation  has  not  been  too  extensive.  A  very 
familiar  example  might  be  quoted  in  the  case  of 
a  razor.  The  very  thin  surface  of  the  edge  is 
much  more  susceptible  to  fatigue  than  are  larger 
bodies,  but  on  the  other  hand  a  "  rest,''  or  heat 
treatment  by  dipping  in  hot  water,  may  renew 
its  efficiency  very  considerably. 

Having  thus  far  sketched  briefly  the  form- 
ation, growth  and  decay  of  crystals,  I  would  now 
draw  your  attention  to  the  popular  opinion  re- 
garding the  continued  growth  of  these  crystals 
due  to  strains,  stresses,  vibrations  or  shocks. 
This  theory  presupposes  that  the  vibration  allows 
.  the  crystals  to  rearrange  themselves  and  to  en- 
large. Were  this  the  case,  then  we  might  reason- 
ably conclude  that  when  any  metal  had  been  in- 
jured by  undue  stresses,  we  could  cause  a  speedy 
recovery  by  allowing  it  to  undergo  vibration  with 
its  consequent  rearrangement  of  crystals.  Tests 
on  this  line  of  argument  have  however  shown  the 
uselessness  of  the  treatment,  since  no  effect  what- 
ever has  been  produced  on  the  metal. 

I  have  shown  that  the  fractures  due  to  fatigue 
favour  the  breakdown  of  steel,  and  as  these 
fractures  proceed  either  across  the  crystal  or 
along  the  junction  lines  we  find  in  these  breaks 
that  the  crystals  are  most  distinctly  marked. 
The  grain  is  therefore  seen  to  most  advantage. 
Again,  it  is  found  that  breaks  oftenest  occur 
where  large  crystallisation  is  evident.  In  this 
respect  it  must  be  borne  in  mind  that  the  larger  the 
crystals  the  less  plastic  they  are  and  the  more 
liable  for  the  occurrence  of  slip-bands.  This  ex- 
plains why  fractures  occur  mostly  at  the  place 
where  are  found  the  coarsest  sized  crystals,  and 
what  has  led  to  the  commonly  accepted  theory,  a 
theory  which  mistakes  in  that  the  coarse  crystal- 
lisation is  the  cause  of  the  break,  and  not  the 
result  of  strain  or  vibration. 

To  illustrate  and  drive  home  this  assertion,  I 
here  produce  for  your  inspection  some  photo 
micrographs  of  a  stem,  the  one  scries  showing 
the  size  of  the  crystals  in  the  stem  before  use  and 
the  other  depicting  in  similarly  selected  sections 
the  crystal  sizes  after  the  stem  had  been  hammer- 
ing away  for  two  years  in  a  heavy  stamp  mill. 
This  particular  stem  lasted  almost  exactly  the 
two  years  before  breaking. 

The  chemical  analysis  of  the  steel  was  as 
follows  : — 


Carbon 

Nickel 

Manganese 

Silicon 

Sulphur 

Phosphorus 


0-58% 
3-70,, 
0  57  „ 
0-75,, 
0-04,, 
0-05  ., 


This  stem  was  introduced  as  a  test  of  nickel 
steel,  which  combines  great  hardness,  tensile 
strength  and  elasticity  with  high  ductility  and  is 
in  much  demand  for  marine  shafting  and  armour 
plate.  The  microstructural  composition  of  the 
steel,  neglecting  the  constituents  other  than 
carbon  and  iron,  would  be  as  follows  : — 

Cementite  (Fe3C)  =   8-™%\p      u        ^.ggo, 

Ferrite  (Fe)  =  55 "68  „  J  rearllte  ~  bi  6% 

Excess  ferrite        =35*52  ,, 

Total  ferrite  91-20,, 

A  complete  section  was  cut  in  each  sample  and 
the  face  at  right  angles  to  the  length  of  the  stem, 
that  is  the  cross  section,  was  polished  in  each 
piece.     The  sections  presented  are  : — 

Outer  ...  near  the  periphery. 

Middle        ...  |"  from  the  periphery. 

Inner  ...  i  .V  ,,       ,,  ,, 

The  diameter  of  the  stem  was  3f". 

In  these  photo  micrographs,  Fig.  23-28,  I  wish 
you  to  note  first,  the  gradual  enlargement  of  the 
grains  proceeding  from  the  outside  to  the  inner 
section,  due  to  slower  cooling  nearer  the  centre 
and  the  lesser  influence  of  mechanical  rolling ; 
next,  the  greater  quantity  of  ferrite  present  in  the 
external  sections,  due  probably  to  a  slight 
decarburization  during  the  heating;  and  lastly, 
the  great  similarity  in  the  relative  size  and 
structure  of  the  grain.  This  goes  to  prove  that, 
although  the  stem  had  been  in  use  over  two 
years  and  had  then  become  so  "  fatigued  "  that 
breakage  had  occurred,  the  size  of  the  grains  had 
not  altered,  that  is  to  say,  the  enlargement  of 
these,  popularly  known  as  crystallisation,  had 
not  taken  place.  The  cause  of  the  break  would, 
in  this  case,  be  due  to  fatigue,  that  is  the 
distortion  of  the  grains  set  up  by  the  strains,  so 
that  there  resulted  initially  the  slip-bands,  and  in 
due  course  such  extension  of  these  as  to  form  a 
crack,  with  weakening  of  the  metal. 

These  bear  out  the  openly  expressed  opinions 
of  metallurgical  experts  at  present.  It  may  be 
that  they  will  some  day  be  altered  when  riper 
experience  comes,  as  there  is  always  the  pro- 
bability that  the  size  of  the  crystal  may  be 
altered  during  the  lapse  of  a  long  period  of  time, 
but  so  far  as  our  present  knowledge  extends 
everything  points  to  a  permanence  in  the  size  of 
the  crystals  in  spite  oi  severe  strains  and 
stresses. 

Gentlemen,  in  thanking  you  for  your  kind 
attention  and  interest  shown,  I  feel   that  I  must 


Ill 
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acknowledge  my  indebtedness  to  the  Consolidated 
Gold  Fields  for  liberty  to  reproduce  many  of  these 
photo  micrographs,  and  to  Messrs.  J.  E.  Metcalf 
and  Moon  for  help  in  preparing  the  plates  and 
slides  illustrating  my  remarks. 

Mr.  W.  R.  Dowtin g  (Vice-President)  :  I  wish 
to  propose  a  very  hearty  vote  of  thanks  to  our 
new  President  for  his  most  interesting  and 
instructive  address.  Mr.  Johnston  is  a  very  busy 
man,  but  he  has  been  able  to  spare  us  the  time 
to  give  us  the  benefit  of  his  knowledge.  I  think 
members  are  to  be  congratulated  upon  his  election 
as  President  for  the  year,  judging  by  to-night's 
paper. 

Sir  Thomas  Price  (Visitor) :  May  I  be  per- 
mitted the  privilege  of  seconding  the  vote  of 
thanks,  and  at  the  same  time  of  thanking  the 
Society  for  the  courtesy  they  have  accorded  me 
in  allowing  me  to  be  present  to-night  to  listen  to 
a  particularly  instructive  and  no  less  interesting 
lecture.  In  doing  so,  may  I  also  join  with  you, 
sir,  in  offering  our  congratulations  to  the  Society 
upon  Mr.  Johnston  having  accepted  the  Presidency. 
If  I  may  be  allowed  to  say  so,  you  have  been 
fortunate,  and  your  fellow  societies  have  been 
fortunate  also.  I  have  very  much  pleasure  in 
seconding  the  vote  of  thanks. 

Mr.  E.  J.  Laschinger  (Member  of  Council): 
I  should  like  to  be  allowed  to  make  a  few  remarks. 
I  know  the  paper  is  not  open  for  discussion,  but 
I  think  our  President  has  rather  taken  advantage 
of  the  engineers  as  to  what  they  know  and  what 
they  do  not  know.  I  only  rise  for  the  purpose 
of  asking  the  President  to  put  it  before  the 
Society  as  to  whether  the  technical  part  of  this 
paper  may  not  be  thrown  open  for  discussion  at 
some  future  meeting.  I  think  it  is  too  valuable 
an  opportunity  to  be  lost,  and  that  we  should 
have  a  paper  of  this  kind  discussed. 

The  President  :  I  am  afraid  that  what  Mr. 
Laschinger  has  asked  is  rather  beyond  my  powers. 
We  have  many  precedents  before  us,  and  must 
adhere  to  them,  though,  if  any  engineer  likes  to 
bring  up  the  question,  I  shall  be  only  too  pleased 
to  criticise  him.  Before  sitting  down  I  should 
like  to  extend  a  welcome  to  our  guests  tonight, 
the  representative  of  the  Chamber  of  Mines,  Mr. 
G.  Albu,  Sir  Thos.  Price,  and  the  representatives 
of  kindred  societies.  I  trust  you  will  all  stay  to 
hear  Mr.  Cullen's  reply  to  the  criticisms  upon  the 
papers  submitted  by  himself  and  Dr.  Weiskopf 
some  months  ago. 

Mr.     W.     Cullen     submitted     his     reply     as 
follows : — 


THE  GASES  RESULTING  FROM  THE  USE 
OF  HIGH  EXPLOSIVES. 


(Bead  at  November  Meeting,  1908.) 


By  Wm.    Cullen    (Past-President). 

THE   ESTIMATION   OF  CARBON  MON- 
OXIDE  IN   MINE   GAS. 

(Read  at  February  Meeting,  1909.) 
By  E.  H.  Weiskopf,  Ph.D.,  F.C.S.  (Member). 

REPLY    TO    DISCUSSION. 

Mr.   W.   Cullen    and    Dr.    E.   Weiskopf: 

The  discussion  on  these  two  papers  has  been 
somewhat  meagre,  but  that  is  hardly  to  be 
wondered  at  in  view  of  the  fact  that  few  members 
of  the  Society  possess  facilities  for  carrying  on 
work  of  this  nature.  We  have,  however,  to 
thank  those  members  who  took  part  in  the 
discussion  for  their  courteous  criticism  of  our 
work.  Since  the  first  paper  was  read  in  November 
of  last  year,  experiments  have  been  constantly 
going  on,  and  our  reply  must  therefore  partake 
of  the  nature  of  a  fresh  paper.  Some  of  the  new 
facts  will  give  the  answer  to  certain  questions 
which  were  asked  by  members,  but  it  is  most 
gratifying  to  us  to  know  that  the  papers  have 
elicited  an  interest  which  is  almost  world-wide. 

Coming  now  to  the  discussion — Mr.  McArthur 
Johnston,  following  immediately  after  the  reading 
of  the  first  paper,  indicated  that  some  reformation 
was  required  in  the  constituents  of  the  explosives 
used  on  these  fields.  With  this  criticism  we  are 
in  perfect  accord.  He  also  asked  for  some  light 
on  the  probable  source  of  the  large  quantities  of 
CO  which  we  showed  were  present  in  so  many 
samples,  and  this  point  we  shall  deal  with  when 
we  refer  to  the  results  of  the  new  work  done  since 
the  papers  were  written.  He  further  states  that 
our  data,  with  regard  to  actual  working  conditions, 
were  meagre,  but  if  he  examines  the  various 
appendices,  I  think  he  must  agree  that  all 
essential  data  have  been  given.  If  more  analyses 
are  desired,  we  can  only  say  that  they  would  be 
only  a  repetition  of  those  already  given.  Mr. 
Kingston  asks  for  information  about  the  amount 
of  gas  that  may  be  retained  by  broken  rock  on 
the  face  after  blasting,  but  we  regret  that  we 
have  no  data  on  this  point. 

We  thank  Dr.  Moir  for  correcting  two  printing 
errors — but  neither  of  them  could,  we  hope, 
mislead  anyone.  He  asks  for  the  publication  of 
further  results  of  analyses  in  our  possession,  as 
also  details  of  oxygen  determinations,  but  all 
through  we  have  considered  this  subsidiary  to  the 
main  question,  viz.  the  determination  of  the  CO 
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present.  We  quite  agree,  however,  that  light  is 
wanted  on  the  question  of  oxygen.  Regarding 
his  theories  to  account  for  the  production  of  CO, 
we  think  that  we  shall  be  able  to  give  a  satisfactory 
explanation  for  its  almost  universal  presence. 
Neither  of  us,  so  far  as  we  recollect,  has  laid 
claim  to  be  the  pioneers  in  discovering  the 
presence  of  CO  in  explosive  gases,  and  we  know 
that  many  analyses  similar  to  those  he  quotes, 
have  been  published.  More  than  17  years  ago 
one  of  us  did  many  analyses  of  gases  from  bomb 
explosions,  and  one  could  nearly  always  predict 
the  results  from  the  elementary  composition  of 
the  particular  explosive  under  examination.  As 
these  results  seem  now  to  have  a  practical 
importance  which  was  not  then  realised,  they 
may  form  the  subject  of  a  communication  to  the 
Society  later  on. 

Dr.  Moir  has  a  grievance  against  one  of  us 
which  goes  back  to  1903 — 6  years  ago — a  long 
time  in  this  country.  One  of  us  has  looked  up 
the  remarks  in  question  and  he  is  willing  to  admit 
that  they  are  somewhat  strong,  nay  even  pointed, 
but  that  was  the  prevailing  tone  of  the  Society  at 
the  time.  Dr.  Moir  himself  was,  and  still  is,  no 
mean  exponent  of  that  particular  type  of  debate, 
of  which  the  remarks  in  question  are  an  example. 
Beyond  admitting  that  these  remarks  were  stung 
we  are  unrepentent  on  every  other  count,  but  we 
think,  as  we  said  in  the  paper,  that  Dr.  Moir  did 
splendid  pioneer  work  in  this  particular  direction. 
Mr.  Whitehouse  quotes  certain  analyses  with 
which  we  are  cognisant,  and  as  he  is  a  practical 
man  wTe  are  bound  to  accept  the  conclusions  at 
which  he  arrives  with  regard  to  clay  tamping. 
We  have  not  had  an  opportunity  of  pursuing  this 
particular  line  of  investigation  further. 

We  regret  that  we  attributed  certain  opinions 
to  Dr.  Haldane  regarding  the  presence  of  CO  in 
explosive  gases.  We  had  not  the  report  of  his 
commission  at  hand  and  merely  quoted  from 
memory,  which  accounts  for  the  quite  unintentional 
error.  Our  researches  have  shown  conclusively 
that  even  with  gelignite,  if  the  ingredients  are 
Te-arranged  scientifically,  it  is  possible  to  produce 
gases  which  contain  practically  no  CO.  We 
shall  refer  to  this  later  on.  He  is  not  <pute 
•correct  in  thinking  that  we  attribute  the  high 
mortality  of  the  Band  Mines  mainly  to  the 
presence  of  CO  and  other  noxious  gases.  We 
hold  strongly  the  same  views  as  he  docs,  viz., 
silicosis  is  the  main  factor,  and  experience  is 
confirming  this  daily,  but  we  think  also  that 
continuous  work  in  a  vitiated  atmosphere  must 
through  time  impair  a  man's  vitality  and  under- 
mine his  health.  He  asks  one  pertinent  question 
on  page  '275,  with  regard  to  the  conditions  under 
which  the  samples  of  ordinary  mine  air  were 
taken,  and  we  have  to  inform  him  that  in  every 


instance  the  conditions  were  what  we  should  call 
"  working  conditions."  In  nearly  every  case  a 
minimum  of  12  hours,  but  more  frequently  20 
hours  elapsed  between  the  previous  blast  and  the 
taking  of  the  sample. 

Before  placing  the  new  results  before  you,  we 
should  like  to  say  that  our  researches  have  ex- 
tended over  a  period  of  nearly  3i  years  and  during 
most  of  this  time  experiments  of  one  kind  and 
another  were  in  almost  continuous  progress.  We 
do  not  propose  to  complicate  issues  by  giving 
results  of  footage  or  explosive  consumed  per  ton 
of  rock  broken,  as  these  after  all  are  side  issues, 
but  we  may  say  that  our  experiments  were  not 
conducted  with  fancy  compositions,  but  with 
serviceable  explosives  which  will  be  put  upon  the 
market  at  once.  Small  improvements  have  been 
made  in  the  apparatus  for  sampling  and  analysing 
the  gases,  but  if  it  is  thought  desirable  they  can 
be  made  the  subject  of  a  separate  communication 
to  the  Society. 

On  page  147,  Table  3  in  the  first  paper,  the 
results  of  the  analyses  of  the  gases  produced  by 
gelignite  are  given,  and  it  will  be  remembered 
that  the  ratio  of  CO  to  C02  came  out  as  1  to  4*9 
-  a  result  which  was  described  as  astounding. 
Another  brand  of  gelignite  gave  1  to  11  2,  which 
is  considerably  better  than  the  best  blasting  gela- 
tine quoted  on  Table  I.  Both  of  these  gelignites 
gave  practically  the  same  results  when  tested  for 
strength  by  the  Trauzl  block  and  by  footage  in 
practical  mining,  but  from  a  health  point  of  view 
the  one  is  infinitely  superior  to  the  other. 
Indeed  this  was  proved  very  conclusively  on  a 
certain  badly  ventilated  mine  where  both  had 
been  used  over  a  period  of  years.  With  the 
former  the  contractors  could  reckon  on  a  certain 
Dumber  of  boys  being  gassed  every  week,  while 
with  the  other  there  were  no  such  occurrences. 
This  led  us  to  investigate  the  subject  further  and 
without  any  sacrifice  of  strength,  we  have  been 
able  to  produce  a  gelignite  which  gives  a  ratio  of 
1  to  18-1,  or  practically  no  carbon  monoxide  at 
all  from  the  explosive  itself,  as  we  shall  see 
presently.  This  was  admittedly  a  step  forward. 
You  will,  no  doubt,  recollect  that  all  the 
blasting  gelatines  which  we  investigated  produced 
large  amounts  of  carbon  monoxide  -but  one  of 
them  which  we  designated  13B  in  Table  1  of  the 
first  paper—  appeared  to  give  less  than  any  of  the 
others.  We  followed  up  this  particular  lined 
investigation  and  have  been  able  to  produce  a 
blasting  gelatine  which  gives  none  at  all,  but 
before  giving  the  results  obtained  we  desire  to 
draw  your  attention  to  the  "  causation  "  of  carbon 
monoxide.  Even  when  the  second  paper  was 
read  in  February  we  were  uncertain  about  the 
point,  but  a  careful  analysis  of  the  results 
hitherto   obtained    indicated    that    the    cartridge 
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wrapper  might  be  the  cause,  and  at  the  risk  of 
being  tedious  we  shall  quote  what  we  said  on 
that  occasion. 

"  This  reason  has  tempted  many  to  assume 
that  the  above  objectionable  gases  originate  from 
the  explosive.  Many  theories,  baseel  on  this 
contention,  have  been  brought  forward.  It  has 
been  suggested  that  the  nitro-cotton  in  the 
blasting  gelatine  does  not  take  part  in  the 
chemical  reaction  involved.  Others,  in  expecting 
nitric  oxide  as  part  product  of  an  incomplete 
detonation,  have  argued  that  their  inability  to 
find  large  amounts  of  this  gas  is  proof  conclusive 
that  carbon  monoxide  is  not  present  either." 

"Counter  arguments  have  been  advanced,  that 
nitrogen  peroxide,  condensing  as  nitiic  and  nitrous 
acid  will,  to  a  very  great  extent,  escape  being 
caught  in  the  gas  sample.  Others  again,  have 
been  puzzled  by  the  deficiency  in  oxygen,  which 
did  not  agree  with  theoretical  expectations.  A 
further  suggestion  has,  I  find,  been  made  a  con- 
siderable time  ago  by  Dr.  Moir,  that  the  cartridge 
paper  introduced  with  the  explosive  is  responsible 
for  the  formation  of  the  products  of  incomplete 
combustion.  Although  we  have  experiments  on 
record  showing  that  cartridge  paper,  even  if 
intimately  mixed  with  blasting  gelatine  does  not 
take  part  in  the  combustion  when  the  mixture  is 
exploded  in  a  lead  block,  the  conditions  in  a  drill 
hole  may  be  different. 

"  Here  we  may  have  the  key  to  the  whole 
problem  before  us.  The  assumption  that  the 
cartridge  paper  takes  part  in  the  combustion 
would  not  only  explain  the  deficiency  of  oxygen, 
the  practically  constant  ratio  of  CO,  and  the 
absence  of  nitrogen  oxide  in  anything  like  pro- 
portional quantities,  but  it  would  also  furnish  a 
reasonable  explanation  of  the  presence  of  hydrogen 
proved  in  the  samples." 

We  have  always  contended  that,  provided 
reasonable  care  was  exercised  in  charging  and  in 
blasting,  the  theoretical  results  were  obtained, 
i.e.,  blasting  gelatine  scientifically  constructed — 
if  we  might  so  designate  it — behaved  in  the  bore- 
hole exactly  as  in  the  steel  bomb,  producing  only 
permanent  gases,  carbonic  acid  and  nitrogen.  To 
prove  the  point  conclusively  the  obvious  experi- 
ment was  therefore  to  try  the  effect  of  blasting 
gelatine  with  no  cartridge  wrappers  at  all.  In 
the  first  of  these  experiments  the  greatest  difficulty 
was  experienced  in  charging  the  holes ;  indeed 
we  may  as  well  confess  that  they  were  not 
properly  charged  at  all — as  the  cartridges  buckled, 
leaving  spaces  large  and  small  between  the  indivi- 
dual cartridges.  Nevertheless,  a  round  was  blasted 
under  these — the  very  worst  possible  conditions 
— and  although  it  was  absolutely  hung  up,  the 
gases  showed  a  ratio  of  1  CO  to  18  2  C02i  the 


best  hitherto  obtained.  This  demonstrated  the 
influence  of  cartridge  paper,  but  we  next  went 
one  step  further,  and  wrapped  the  cartridges  in 
tin-foil  in  order  to  enable  us  to  charge  the  holes- 
more  satisfactorily.  Our  object  in  using  tin-foil 
was,  of  course,  to  obviate  the  use  of  carbonaceous, 
matter.  The  result  showed  a  ratio  of  1  CO  to 
257  C02.  But,  after  all  these  experiments, 
though  they,  to  our  minds,  show  conclusively  the 
influence  of  the  wrapper  on  the  production  of  CO, 
hardly  indicate  a  practical  way  out  of  the  diffi- 
culty. The  explosive  already  referred  to,  viz  „ 
13B,  indicated  the  way,  and  modifying  it  still 
further  on  the  lines  of  producing  still  more 
potential  oxygen,  we  have  been  able  to  obtain  a 
ratio  of  I  CO  to  16-7  C02. 

Stripping  off  its  paper  and  substituting  tin-foil,, 
we  obtained  a  ratio  of  1  CO  to  26-2  C02.  This- 
is  the  explosive  which  has  been  commented  on  in, 
the  press  during  the  past  14  clays.  After  all,, 
however,  the  practical  test  is  perhaps  the  best,. 
and  we  are  informed  by  the  miners  who  have 
been  using  it  for  months,  that  they  can  go- 
straight  to  the  face  after  a  blast  without  feeling 
any  inconvenience.  This  is  not  a  practice  which 
we  recommend,  but  it  certainly  does  confirm  the 
analytical  results.  With  regard  to  the  strength, 
we  are  also  assured  by  miners  working  on  con- 
tract on  four  mines,  that  it  is  certainly  no  lower 
than  that  of  ordinary  blasting  gelatine. 

The  question  will  now  naturally  be  asked,  why 
should  it  not  be  possible  to  so  adjust  the  excess 
of  oxygen  that  there  is  no  carbon  monoxide 
produced  at  all.  The  answer  to  this  is  very 
simple.  Although  we  have  succeeded  in  providing 
the  new  explosive  with  sufficient  potential  oxygen 
to  completely  oxidise  all  the  combustion  products 
from  the  wrapper,  and  render  them  quite  inno- 
cuous, no  amount  of  oxygen  can  possibly  affect 
the  products  of  combustion  of  the  fuse,  produced 
prior  to  detonation. 

On  p.  148  e'f  our  first  paper  we  gave  an 
analysis  of  the  gases  produced  in  a  drive,  by  the 
burning  of  the  ordinary  amount  of  fuse  used  for 
blasting  a  round,  and  it  will  be  remembered  that 
the  CO  reached  the  comparatively  high  figure  of 
"05%.  We  have  more  experiments  on  this  parti- 
cular point  in  progress  at  the  moment.  It  there- 
fore stands  to  reason  that  as  long  as  safety  fuse 
is  employeel  in  ordinary  blasting  operations,  just 
so  long  will  the  mine  air  be  contaminated  by 
carbon  monoxide,  and  furthermore  we  think  that 
practically  all  the  carbon  monoxide  which  we- 
have  found  in  our  recent  experiments,  comes  from 
the  fuse  and  not  from  the  explosive.  To  our 
minds  there  is  one,  and  only  one  way  of  over- 
coming this  difficulty,  to  adopt  a  system  of  electric 
blasting,  using  delay  ignitions.  We  feel  so- 
strongly  that  this  is   the  only  remedy  that   we 
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propose  to  submit  a  paper  on  the  subject  at  an 
early  date. 

We  think  it  right  to  sound  a  note  of  warning 
about  the  gases  produced  by  our  modified  blast- 
ing gelatine.  Some  people  have  assumed  that  no 
gases  are  produced  at  all,  which  is  manifestly 
absurd.  Large  amounts  of  the  permanent  gases, 
nitrogen  and  carbonic  acid,  are  produced,  and  it 
may  be,  very  small  amounts  of  carbon  monoxide. 
Nitrogen  is  innocuous,  though  one  could  not  live 
in  such  an  atmosphere,  and  carbonic  acid  though 
not  a  noxious  gas  does  nut  support  respiration, 
so  manifestly  it  would  be  foolish  to  return  to  a 
face  after  a  blast  until  the  gaseous  products  of 
the  blast  have  been  at  least  partially  dissipated. 
The  ordinary  precaution  of  carrying  an  open  light 
and  noting  its  behaviour  will  be  an  infallible 
warning  of  the  presence  of  dangerous  quantities 
of  carbonic  acid,  but  what  a  blessing  it  will  be 
when  that  is  the  only  gas  which  the  miner  need 
fear.  Carbon  monoxide,  which  has  claimed  such 
a  heavy  toll  of  human  lives  on  these  fields  alone, 
and  it  must  be  the  same  elsewhere,  seldom 
indicates  its  presence  until  it  has  its  victims  in 
its  deadly  grip. 

We  mentioned  in  the  first  paper  that  in  no 
instance  had  nitric  peroxide  been  observed,  but 
we  expressed  the  opinion  that  it  must  have  been 
formed  in  small  quantities.  We  now  think  that 
this  is  not  the  case,  and  that  nitric  peroxide 
was  not  formed  at  all,  and  is  not  formed  so 
frequently  as  we  had  at  first  imagined.  Indeed, 
all  our  experiments  go  to  show  that  the  margin 
of  safety  of  good  blasting  gelatine,  in  so  far  as 
the  production  of  noxious  gases  is  concerned,  is 
infinitely  higher  than  is  commonly  supposed  to  be 
the  case.  What  we  mean  is  that  there  is  a 
general  idea  that  nitric  peroxide  is  produced  in 
every  blast.  That  it  is  frequently  produced  there 
is  no  denying,  but  the  amount  of  carbon  monoxide 
which  we  have  found  has  been  so  constant  that 
we  have  come  to  the  conclusion  that  nitric- 
peroxide  is  only  produced  under  most  abnormal 
conditions — such  as  when  the  explosive  burns 
instead  of  exploding.  Now,  in  every  series  of  shots 
arranged  to  go  oft'  in  the  neighbourhood  of  one 
another,  the  burdens  must  vary  very  considerably, 
and  this  we  have  always  looked  upon  as  tending 
to  produce  nitric  peroxide,  through  incomplete  or 
at  least  partial  detonation.  We  have  found  no 
evidence  to  substantiate  this  at  all.  True,  all 
our  holes  were  charged  and  tamped  with  care, 
but  with  no  greater  care  than  should  be  ordinarily 
employed,  and  we  were  fortunate  enough  to  have 
no  "soft  shots,"  "misfires  "  or  untoward  incidents 
of  any  kind,  but  the  general  conditions  through- 
out were  quite  normal.  In  the  one  instance  where 
the  explosive  was  stripped  of  its  wrapper  and  the 
holes  were  so  badly  charged  that   the  round   was 


hung  up,  an  instance  where  one  would  have 
expected  to  get  nitric  peroxide  and  all  sorts  of 
complications,  the  result  was  excellent.  We 
have  already  referred  to  the  fact  that  when 
blasting  gelatine  burns  instead  of  explodes,  nitric 
peroxide  is  produced,  indeed,  it  is  invariably 
produced,  and  the  deadly  effects  of  this  gas  are 
well  known  to  members.  Athough  we  have  not 
yet  had  an  opportunity  of  thoroughly  investiga- 
ting the  behaviour  of  the  modifieH  blasting 
gelatine  under  these  conditions,  i.e.,  while  burning, 
everything  points  to  a  very  much  diminished 
production  of  this  terrible  gas.  The  propagation 
of  the  detonation  also  seems  to  be  more  certain, 
and  generally  speaking,  the  all  round  margin  of 
safety  is  apparently  increased. 

Just  at  the  moment  the  thoughts  of  most 
mining  men  are  being  directed  to  the  problem  of 
ventilation,  and  the  deeper  they  go  into  the 
bowels  of  the  earth  the  more  difficult  does  the 
problem  become.  We  are  free  to  confess  that  not 
until  these  experiments  were  well  under  way  did 
we  realise  how  much  the  problem  was  complic- 
ated, by  the  almost  incredible  amounts  of  carbon 
monoxide  which  we  found  to  be  present.  We 
prescribe  in  our  English  Factory  Acts  a  certain 
number  of  cubic  feet  of  air  space  per  person 
employed  in  a  work  room  ;  the  air  not  to  con- 
tain more  than  a  certain  amount  of  carbonic  acid. 
A  margin  is  given  when  gas  or  oil  is  used  as  the 
illuminant.  Even  our  Kafirs  must  have  a  certain 
amount  of  air  space  in  their  compounds,  the 
underlying  idea  of  course  being  the  same.  True, 
our  mining  regulations  also  prescribe  a  certain 
number  of  cubic  feet  of  free  air  per  second 
descending  the  downcast  for  each  worker  under- 
ground, but  how  frequently  is  this  fresh  air  short 
circuited,  and  how  seldom  does  it  reach  the 
lowest  workings  as  fresh  air.  After  all,  the  prin- 
ciples of  ventilation  are  very  simple,  and  we 
apply  them  in  our  own  dwellings  every  day — we 
simply  introduce  plenty  of  fresh  air  to  drive  out 
the  bad  air.  Now-a-days  everybody  is  for 
efficiency,  but  we  have  some  times  wondered  how 
terribly  difficult  it  must  have  been  to  keep 
efficient  when  working  in  some  of  the  atmospheres 
which  we  have  examined.  We  hope  that  the 
underground  conditions  will  be  greatly  improved 
by  our  new  explosives.  The  simplest  May,  after 
all,  to  get  rid  of  noxious  gases  is  not  to  produce 
them,  and  this  we  hope  we  have  succeeded  in 
doing  to  a  great  extent.  What  savings  it  will 
effect  we  cannot  pretend  to  be  able  to  estimate, 
but  we  think  these  savings  will  be  enormous — 
directly  in  the  expenditure  on  plant,  and  indirectly 
in  &11  round  efficiency.  Hut,  after  all,  as  we 
remarked  in  the  first  paper,  the  state  of  the  mine 
air  has  never  been  realised,  so  it  is  not  so 
wonderful    that    more    has    not    been    done    to 
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improve  it.  "We  trust  that  the  result  of  our 
investigations  will  be  the  dawning  of  a  new  era, 
and  we  think  that,  purely  from  a  commercial 
point  of  view,  it  will  pay  every  mine,  or  group  of 
mines,  to  do  as  we  have  done,  to  install  our 
apparatus  and  to  engage  a  competent  person  to 
conduct  the  gas  analysis. 

Our  work  has  a  purely  scientific  importance, 
which  is  already  realised  by  those  engaged  in 
cognate  work,  but  its  practical  importance  can 
only  be  realised  by  those  engaged  in  mining. 
After  all,  the  conclusion  of  the  whole  matter  may 
be  summarised  in  one  sentence.  Carbon  monoxide 
is  produced  in  incredible  quantities  whenever  a 
blast  takes  place  ;  the  modified  explosive  obviates 
its  production  altogether,  or  only  produces  it  in 
negligible  quantity.  The  less  carbon  monoxide 
we  produce  the  more  human  lives  do  we  save. 

The  President :  I  feel  sure  that  you  have 
been  well  repaid  in  waiting,  by  listening  to  the 
extra  information  which  Mr.  Cullen  has  given  us. 
We  should  consider  ourselves  fortunate  in  that 
we  have  been  able  to  obtain  these  papers,  because 
their  value  is  shown  by  their  having  been  copied 
into  all  the  metallurgical  and  mining  papers 
throughout  the  world.  I  am  sure  Mr.  Cullen's 
efforts  in  this  direction  will  lead  to  good  results. 
In  listening  to  the  remarks  he  has  made  we  are 
reminded,  by  reason  of  his  association  with  this 
work,  very  much  of  our  Vice-President,  Dr.  Moir, 
who  has  recently  undergone  a  very  serious  opera- 
tion. I  am  pleased  to  be  able  to  tell  you  that 
the  operation  has  been  highly  successful,  and  that 
he  is  in  a  fair  way  towards  recovery.  I  am  sure 
he  will  be  pleased  to  hear  that  he  has  been 
remembered  amongst  us  to-night,  and  I  will  ask 
our  Secretary  to  let  him  know  that  we  are 
delighted  to  think  that  he  will  soon  be  amongst 
us  again. 

WHITE  LABOUB  IN  MIXING. 


(Bead  at  January  Meeting^  1909.) 
By  Tom  Johnson  (Member). 


REPLY    TO    DISCUSSION. 

Mr.  Tom  Johnson    (Member)  :     Mr.    Balph 

Stokes  thinks  that  I  ought  to  have  brought  for- 
ward some  arguments  to  show  how  white  un- 
skilled labour  couid  be  successfully  used  on 
shovelling. 

It  is  a  pity  he  copied  my  bad  example  in  leaving 
things  in  obscurity,  for  he  should  have  told 
us  why  this  thing  could  not  be  done.  I  have 
seen  white  shovellers  make  an  average  of  12s.  per 
day,  at  a  cost  as  low  as  natives  had  <  v<  rpn  vixmsly 
done  the  work  at,  many  of  the  men  being  strangers 


to  the  work  ;  the  mines  were  not  in  the  best  condi- 
tion for  white  labour  either. 

As  to  a  strike  among  white  labourers,  if  Mr. 
Stokes  will  read  my  paper  again,  he  will  not  find 
anywhere  that  I  proposed  to  clear  out  all  the 
natives.  If  he  knows  anything  of  working  men, 
he  will  know  that  the  best  way  to  keep  off  the 
trouble  of  strikes,  etc.,  is  to  have  men  of  different 
nationalities,  and  therefore  different  ways  of  think- 
ing. Too  many  of  one  kind  are  just  as  liable  to  go 
the  wrong  way  as  the  right  one,  for  they  are  very 
foolish  when  they  get  the  idea  into  their  heads 
that  they  are  not  being  done  justice. 

Seeing  that  I  am  of  the  working  class,  and  have- 
been  working  with,  and  handling  workmen  in 
mining  for  30  years  or  so  ;  also  seeing  I  have  been 
in  intimate  contact  with  the  workers  on  the 
Band  for  12  years,  I  see  no  reason  to  alter  the 
opinion  expressed  in  my  paper  that  many  of  the 
so-called  "skilled  miners"  look  down  on  the 
unskilled  man  ;  the  thing  has  come  under  my 
notice  too  often  to  mistake  it. 

In  case  anyone  should  think  that  the  average  of 
12s.  per  day  mentioned  is  for  certain  particularly 
good  places,  I  may  mention  that  it  was  for  the 
whole  mine,  where,  for  about  three  months,  there 
were  no  natives  to  shovel  rock  for  the  mill. 

I  have  seen  80  men  in  a  mine  earning  15s. 
per  day,  at  (as  some  of  the  members  of  this 
Society  know)  as  cheap  a  rate  as  natives  had  ever 
done  in  the  same  mine.  Some  gangs  have  made 
over  20s.  per  man  per  clay. 

I  do  not  wish  it  to  be  understood  that  I  can 
instruct  the  manages  on  these  fields  how  to 
handle  white  unskilled  labour.  Mr.  Stokes  says 
general  opinions  do  not  help  to  show  how 
unskilled  whites  can  be  formed  into  a  steady 
working  force,  but  I  can  only  tell  you  how  I  have 
seen  them  handled.  In  the  mines  I  speak  of, 
the  men  were  formed  into  small  gangs  of  two  to 
four  men  in  each,  to  do  the  shovelling,  with 
natives  doing  the  tramming  for  them  ;  the  whites 
being  on  contract  at  per  car,  the  natives  being 
paid  by  the  company,  there  being  no  advantages 
possible  in  one  case,  as  they  did  the  whole  of  the 
shovelling  of  the  rock  for  the  mill.  The  orders 
given  were  that  they  must  be  shown  the  best  way 
of  doing  their  work,  and  that  they  must  be  treated 
as  white  men  should  be  treated.  These  men 
were  not  put  into  a  separate  room  at  the  board- 
ing house,  and  fed  at  a  cheaper  rate  than  the 
skilled  men,  but  were  allowed  to  join,  feed  and 
pay  like  the  skilled  men.  It  seems  strange  that 
most  of  the  unskilled  men  should  prefer  to  pay 
the  full  board  rates  rather  than  the  lower  rates  set 
for  them,  which  was  done  with  the  intention  of 
helping  them,  but  so  it  proved.  It  might  be 
called  pride,  but  whatever  it  was  it  proved  to  be. 
an  important  factor  in  handling  them. 
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Now,  regarding  the  machine  work,  Mr.  Stokes 
thinks  1  took  too  low  an  average,  but  as  it  happens, 
I  took  the  whole  of  the  mines  of  one  of  our  most 
prominent  groups,  and  I  can  assure  him  that  "5 
fathom  per  machine  shift  is  as  much  as  that 
group  is  getting  on  an  average  ;  I  do  not  think 
that  Mr.  Stokes  knows  how  liHle  is  really  broken 
on  some  of  our  mines.  Of  course,  I  do  not 
question  his  figure  of  -7  fathom  for  the  mines 
that  he  says  he  has  the  figures  of,  for  I  happen  to 
know  that  on  three  of  them  they  have  men  break- 
ing a  whole  fathom  per  machine  shift. 

If  the  system  I  advocate  were  carried  out  in  the 
mines  he  has  in  mind,  he  would  see  about  1*25 
fathom  per  machine  shift  broken  instead  of  "7 
fathom,  the  same  argument  applying  to  his 
averages  as  to  mine. 

Mr.  Stokes  compares  the  mines  he  has  the 
figures  for  with  my  figures.  That  is  not  fair, 
as  I  did  not  write  of  different  mines,  but  of 
different  systems  in  the  same  mines,  which  is  a 
vastly  different  thing.  He  must  compare  what 
he  states  is  done  with  what  could  be  done  by  my 
system,  that  is,  taking  the  best  rock  breakers 
amongst  the  men  and  putting  them  over  the 
others  as  instructors  and  running  the  machines 
the  whole  shift,  and  then  see  what  the  difference 
is.  He  will  find  that  the  total  cost  will  be  less, 
and  the  wages  greater  with  the  change.  He  has 
gone  to  the  trouble  of  working  out  figures  that 
have  no  bearing  on  the  case  ;  does  he  wish  to 
throw  dust  into  people's  eyes  i 

Cannot  Mr.  Stokes  criticise  without  wilfully 
misconstruing  figures  ?  There  is  nothing  in  my 
paper  to  suggest  that  I  wish  the  good  men  to 
come  down  to  the  same  wage  as  the  poor  men. 
I  spoke  of  averages,  why  should  he  particularise1? 
Why  should  he  think  that  the  blasting  gang  is 
not  essential  to  the  scheme,  when  the  figures  are 
based  on  the  use  of  a  blasting  gang  ?  It  is  plain 
enough  in  the  paper,  that  I  am  after  greater 
efficiency  per  machine  by  using  more  white  labour, 
and  having  the  machines  running  as  long  as 
possible  during  the  shift,  which  the  blasting  gang 
would  conduce  to,  so  it  must  be  essential. 

As  to  the  drillers  not  being  in  favour  of  this 
scheme,  I  do  not  see  why  they  should  not  be.  It  is 
my  experience  that  most  of  the  machine  men  are 
not  fit  to  be  in  charge  of  the  breaking  portion  of  the 
work,  and  that  they  would  make  a  better  wage 
drilling  at  per  foot  than  breaking  at  per  fathom, 
to  the  benefit  of  the  company  employing  them. 

As  to  whether  45s.  per  fathom  is  good  enough 
as  an  average  for  these  mines,  I  did  not  say,  but  if 
I  must  express  any  opinion  I  should  say  the  com- 
panies are  losing  money  by  paying  so  low  a  price. 

The  "  profess- ors "  of  mining  would  not  be 
working  at  the  average  rate,  but  should  be  on 
contract  per  fathom,  so  it  can  be  seen  that  the 


scheme  brings  out  self  interest,  as  does  contract 
work  now,  with  a  chance  of  supplying  the  men  of 
different  abilities  with  the  work  they  are  fit  for. 
Why  should  working  places,  boys,  machines, 
air,  etc.,  be  provided  for  men  who  do  not  under- 
stand how  to  make  the  best  use  of  them,  if  by 
altering  the  system  these  men  can  have  the 
chance  of  as  good  or  better  living,  more  of  them 
employed,  and  at  a  saving  to  the  companies.  It 
is  well  known  that  the  men  who  do  the  most 
work  with  their  machines  do  so  at  a  much  less 
cost  par  machine  in  air,  spares,  etc.,  but  it  seems 
we  must  not  take  advantage  of  this.  Why 
should  we  attempt  here  in  mining  what  is  not 
done  in  any  of  her  part  of  the  world .'  i.e.,  to 
have  only  one  class  of  men — the  best — cannot  be 
done  properly.  Men  here  are  only  human  beings 
as  in  other  places,  and  so  are  of  different  abilities. 
Many  men  running  machines,  and  supposed  to  be 
"  miners,"  will  never  be  miners  as  long  as  they 
live.  They  may  be  good  "  drillers,"  but  not 
miners,  so  have  such  a  system  of  working  that  the 
men  can  be  fitted  to  the  work  they  are  most  fit 
for.  It  is  foolishness  trying  to  fit  square  pegs  in 
round  holes;  they  take  too  much  driving. 

I  wonder  does  Mr.  Stokes  think  that  the  same 
machine  men  of  the  Rand  are  going  to  stay  on  for 
ever  ;  if  so,  I  agree  with  him  that  there  is  a 
probability  of  trouble  in  trying  to  get  this  scheme 
going  for  the  reason  he  states,  viz.,  the 
"instructors"  would  be  afraid  of  losing  their 
jobs,  but  men  will  come  and  men  will  go  and  the 
mines  will  be  here  and  increase  in  number,  if  not 
for  ever,  at  least  for  more  years  than  Mr.  Stokes 
or  I  expect  to  need  them.  When  we  get  the  men 
good  enough  not  to  need  this  tuition  I  am  advo- 
cating, we  can  expect  a  blue  snow  on  the  Rand. 

I  am  sorry  that  some  of  our  managers  did  not 
join  in  this  discussion,  as  we  should  get  to  know 
how  we  stand  if  they  would  come  forward  with 
their  opinions. 

I  am  glad  Mr.  Price  can  bear  out  what  I  have 
replied  to  Mr.  Stokes,  as  regards  the  earning  of 
15s.  per  day  by  white  shovellers.  He  says  that 
if  Kafirs  can  be  got  to  do  the  work  at  3d.  per 
truck,  why  should  they  pay  whites  Is.  \  WeU, 
I  guess  very  few  have  done  anything  of  the  sort, 
at  least,  I  have  not  heard  of  it. 

A  great  many  people  speak  of  how  many  Kafirs 
must  be  replaced  by  a  white  to  enable  a  white  to 
make  a  living  wage,  and  the  greater  part  of  them 
do  not  stop  to  think  what  a  Kafir  costs,  or  how 
much  work  he  actually  does. 

Mr.  Price  objects  to  putting  white  unskilled 
Labour  in  competition  with  the  natives.  Well,  it 
is  a  matter  of  opinion  of  course,  but  I  am  under 
the  impression  that  the  native  is  getting  into  com- 
petition with  the  skilled  man.  He  says  that  white 
unskilled  workmen  have  lowered  wages,  because 
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the  mines  were  flooded  -with  Dutchmen  and  others 
during  the  strike.  If  I  were  to  argue  on  this,  I 
should  want  to  know  the  cause  of  the  strike  and 
what  led  to  it.  Machinemen  did  not  know  when 
they  were  well  off;  the  idleness  of  the  old  hands 
was  the  cause  of  all  the  trouble.  "When  they  had 
one  machine  to  run,  they  would  not  run  it  :  there 
Were  two  boys  for  that  in  their  opinion.  Could 
you  expect  bosses  to  put  up  with  tlwt  kind  of 
thing  always  .' 

What  1  am  advocating  now,  is  what  ought  to 
have  been  from  the  first,  i.e.,  a  white  man  on  each 
machine,  and  the  machine  to  be  run  at  something 
like  full  capacity,  and  not  at  about  half.  If  the 
compressors  on  a  mine  run  eight  hours,  the 
machines  should  be  running  about  the  same  time. 
Split  up  the  work  and  put  different  men  to  the 
different  work.  As  to  men  running  three  and 
four  machines  for  16s.  8d.  per  shift,  in  most 
eases  the  16s.  8d.  is  as  much  as  the  man  is  worth, 
for  the  machineman  who  cannot  command  more 
than  that  is  a  loss  to  his  employers.  From  what 
I  know  of  contract  prices,  better  money  should 
be  made.  This  three  machine  racket  is  a  step  in 
the  wrong  direction,  and  I  think  it  is  a  case  of  the 
blind  leading  the  blind.  It  is  a  fact  that  the 
machinemen  were  not  giving  value  for  the  money, 
so  the  three  machines  per  man  was  started  in  the 
hope  that  things  would  get  better,  but  the  energy 
ought  to  have  been  put  into  getting  the  work  out 
of  the  lesser  number  of  machines.  There  are 
so  very  few  men  who  can  get  decent  work  out  of 
even  one  machine  much  less  out  of  two  or  three. 

I  do  not  speak  of  one  man  running  10  or  12 
machines,  there  are  10  or  1.'  machine  runners  in 
practice.  It  would  turn  out  to  be  a  case  of  a 
shift  boss — for  the  contractor  (if  one)  would  be 
practically  a  shift  boss — for  every  10  or  12 
machines.  That  looks  better  than  one  man  run- 
ning 10  or  12  machines,  does  it  not1?  and  that  is 
the  case  summed  up.  The  man  would  not  need 
to  be  in  three  or  four  places;  two  faces  could 
easily  carry  the  machines,  and  as  to  the  holes 
going  in  some  other  direction  than  the  one 
wanted,  that  happens  now,  and  it  certainly  should 
be  better  with  some  good  man  to  boss  up  every 
ten  white  machine  runners. 

THE   PILGRIMS   REST   GOLD   FIELDS 
AND    MINING    METHODS 


(Read  at  March  Meeting,  1909.) 
By  J.  Moyle-Phillips  (Member). 

DISCUSSION. 

Mr.  J.  C.  Mance  {Member,  Singapon  \  {contri- 
buted) :  It  has  given  me  great  pleasure  to  read 
through  this  paper,  but  may  I  make  a  suggestion  ; 


that  it  would  add  considerably  to  the  interest  of 
the  paper  if  the  following  further  particulars  were 
added  :  — 

Total  cost  per  ton  mining  by  men. 

Total  cost  per  ton  mining  by  "  umfaans." 

Cost  of  milling  per  ton. 

Cost  of  cyaniding  per  ton. 

Cost  of  tramming  per  ton  per  mile  : 

(1)  For  the  self-acting  inclines. 

(2)  For  the  electric  haulage. 

I  do  not  know  whether  the  author  is  in  the 
employ  of  the  Transvaal  Gold  Mining  Estates, 
Ltd.,  or  not,  but  if  so,  would  it  not  be  possible 
to  ask  him  to  give  an  extra  paper,  giving  the 
costs  of  the  mining  in  detail?  I  am  sure  the 
Society  would  greatly  appreciate  his  work. 

Referring  to  the  paper,  I  should  like  to  make 
a  few  remarks. 

It  would  be  interesting  to  know,  if,  at  the 
contact  of  the  reef  with  a  dyke,  the  gold  contents 
were  higher,  lower  or  regular. 

Mention  is  made  of  cracks  in  the  formation. 
Perhaps  the  following  remarks  about  cracks  might 
be  of  interest.  During  my  stay  on  the  Murchison 
Free  State  Property,  in  the  Low  Country,  Trans- 
vaal, on  the  first  level  a  very  nearly  horizontal 
crack  was  encountered  which  went  right  across 
the  reef  and  into  the  country  rock  (talcose  schist) 
without  any  dislocation  of  the  reef.  Where  this 
crack  was  struck  in  the  south  end  of  the  property 
it  was  a  space  of  6  in.,  and  dipping  to  the  West 
about  5°.  To  the  West  of  the  property,  about 
500  ft.,  the  crack  was  about  3  in.  Iu  the  crack 
there  was  a  certain  amount  of-  clay,  which  I 
assayed,  but  could  not  get  any  gold.  The  values 
of  gold  were  not  altered  by  this  crack,  being  the 
same  above  and  below. 

I  notice  Mr.  W.  A.  Caldecott  comments  on  the 
fineness  of  the  gold  in  the  oxidised  ore.  I  should 
like  to  follow  up  his  remark  by  stating  that  once, 
when  visiting  the  Frankfurt  Mine,  to  the  north 
of  Pilgrims  Rest,  I  had  occasion  to  take  some 
15 — 20  samples  in  a  drive,  and  the  highest  value 
by  panning  I  was  able  to  record  was  4  dwts  , 
these  samples,  when  assayed,  gave  anything  from 
5 — 18  dwts.  to  the  ton.  I  was  astonished  at  not 
seeing  gold  freely  in  the  pan.  The  figures  I  give 
are  from  memory,  but  the  occurrence  struck  me 
as  remarkable  and  one  not  easily  forgotten. 

The  following  from  my  pocket  book,  which  I 
happen  to  have  by  me,  with  reference  to  the 
gold  contents  in  the  oxidised  ore,  clearly  shows 
where  the  gold  is. 

Mesh  used,  900  to  the  scpiare  inch. 

Per  cent,  of  gold  in  heavy  sand     ...        7T8 

Per  cent,  of  gold  in  light  sand       ...     34-14 

Per  cent,  of  gold  in  slimes  ...     58*38 

I  trust  these  remarks  may  be  of  some  interest 
to  the  Society. 
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Mr.  Chas.  B.  Saner  (Vice-President)  (contri- 
buted) :  This  paper  was  to  me  of  great  interest, 
as  it  brought  vividly  to  my  mind  two  happy 
though  strenuous  years  spent  as  surveyor  and 
assayer  in  this  beautiful  part  of  the  Transvaal, 
prior  to  the  war.  About  the  time  I  arrived  in  Pil- 
grims there  was  a  "boom"  on  in  claims,  and  great 
activity  in  prospecting  was  evident  on  all  sides. 

The  district,  though  rich  in  gold,  and  one  of 
the  oldest  in  the  country  where  mining  operations 
have  been  carried  on,  has  been  consistently 
neglected  by  various  governments  in  the  matter 
of  railway  facilities.  This  has  been  the  chief 
reason  why  it  has  not  gone  ahead,  and  even  to- 
day the  railway  is  being  built  to  open  up  the 
wrong  end  of  the  district  first,  by  going  via 
Lydenburg,  which  is  separated  from  Pilgrims,  the 
gold  centre,  by  mountainous  country. 

The  correct  idea,  to  my  mind,  is  to  encourage 
and  foster  an  industry  in  the  making  and  from 
its  prosperity  other  industries,  agricultural  and 
pastoral  will  spring  up  and  flourish.  It  used  to 
be  heartrending  to  be  compelled  to  wait  weeks 
and  months  for  stores  and  materials  brought  up 
by  the  slow  ox  wagon  along  ill-kept  tracks  and 
through  fearful  and  often  impassable  river  drifts. 
I  had  to  wait  three  months  before  my  assay  and 
survey  outfit  were  delivered,  though  they  left 
Johannesburg  with  me. 

The  entire  district  being  very  mountainous,  the 
deep  gorges  provide  ample  fall  for  all  require- 
ments of  water  power  and  automatic  ore  delivery. 
There  is  a  splendid  supply  of  unlimited  water  all 
over  the  district,  and  the  numerous  lovely  water- 
falls and  cascades  from  the  Mac-Mac  (about 
200  ft.  fall)  to  numbers  of  other  smaller  but  no 
less  powerful  falls  make  an  enterprising  engineer's 
heart  yearn  for  opportunities  to  harness  these 
glorious  natural  forces  that  have  for  ages  run  to 
waste.  Owing  to  the  almost  horizontal  lie  of  the 
strata  and  the  mountainous  nature  of  the  country, 
innumerable  Datura]  sections  of  the  formation 
are  exposed  in  the  kloofs  and  gullies,  and  I  regret 
that  the  author  has  not  given  a  section  with  his 
paper.  The  reefs  in  the  dolomites  were  the  only 
ones  payable,  though  there  were  cases  of  reefs  <<v 
"chutes"  being  profitably  worked  in  other  forma- 
tions on  a  small  scale.  The  thin  vertical  quartz 
leaders  showing  much  visible  gold  in  the  lower 
shales  afforded  profitable  work  for  "diggers.' 

The  "Sherwell  Reef"  was  an  auriferous  haema- 
tite containing  reef  gold  very  rich  in  places,  hut 
of  no  extent,  in  a  decomposed  diorite. 

In  the  coarse  "berg  sandstones,"  which  run  along 
the  eastern  edge  of  the  berg,  there  are  several 
"banket"  beds  up  to  20  ft.  in  thickness,  but 
where  prospected  and  sampled  by  the  writer,  these 
gave  poor  results  in  gold.  Below  the  sandstones, 
in  the  low  country,  is  the  granitic  formation,  this 


carries  numerous  vertical  quartz  reefs  which  have 
so  far  proved  valueless  except  in  one  case,  which 
I  understand  is  now  being  worked  near  the  Gras- 
kop  farm.  Correct  sampling  of  these  various 
reefs  was  extremely  difficult  as  they  were  gener- 
ally very  patchy,  the  friable  decomposed  oxides 
being  rich  and  often  very  thin,  while  barren  or 
almost  barren,  hard  and  hungry  quartz  would 
form  the  greater  portion  of  the  reef. 

I  should  here  like  to  warn  anyone  who  ma)-  be 
going  to  these  outside  districts  to  inspect  claims 
or  reefs  to  beware  of  having  his  samples  "salted;" 
all  sorts  of  tricks  being  employed  to  hoodwink 
the  "  new  chum."  Assaying  these  ores  was  also 
a  much  more  complicated  job  than  on  the  Band, 
as  several  other  metals  and  minerals  were  often 
associated  together. 

As  I  was  connected  with  a  prospecting  concern 
all  my  fusions  were  done  in  a  muffle  furnace,  the 
fuel  used  being  locally  made  charcoal,  as  coke 
was  very  expensive.  Charcoal,  as  made  and 
purchased  from  the  natives,  was  very  bad,  in  fact 
was  generally  only  half  burnt  wood,  so  as  we 
were  using  a  goodly  quantity,  both  for  assaying 
and  drill  sharpening,  it  was  found  better  to  make 
our  own,  and  the  following  method  was  employed: 
A  cord  wood  3  in.  to  i  in.  in  diameter  is  fixed 
vertically  some  6  in.  into  the  ground,  the  poles  of 
wood  are  placed  also  almost  vertically  around 
this  upright  as  close  as  possible,  beginning  with 
the  shortest  and  gradually  lengthening  until  the 
required  height  of  the  pit  is  reached,  and  thus 
forming  a  circular  pyramid.  The  pole  is  then 
withdrawn  leaving  a  hole  5  in.  to  6  in.  on  the  top 
for  ignition  and  this  is  tilled  with  moss  and  twigs. 
The  pile  is  covered  with  moss  and  leaves  and  then 
earth  and  clay  or  sods  is  put  on  some  Gin.  thick  and 
patted  down.  Two  vent  holes,  3  in.  in  diameter, 
opposite  each  other,  are  made  at  the  bottom  of 
the  pile.  When  the  tire  has  been  fairly  started 
(it  takes  from  one  to  two  hours)  the  top  is 
completely  closed  over  ;  the  two  vent  holes 
allowing  sufficient  ventilation  for  charring. 
('instant  attention  is  necessary  day  and  night 
until  all  charring  is  over,  experience  guiding  one 
in  the  amount  of  ventilation  required.  This  can 
be  judged  from  the  vapour  escaping  from  the 
vents  ;  no  smoke  must  appear  and  no  flame, 
after  about  a  week's  smouldering  vents  are  closed 
excluding  all  air,  anil  the  pile  allowed  to  cool  for 
another  week  and  then  the  charcoal  taken  out  ; 
to  be  good  charcoal  should  be  very  light,  have  a 
metallic  "  ring"  and  a  silky  and  almost  metallic 
lustre  on  fracture,  whole  cords  should  be  intact 
\\  hen  removed. 

Surveying  of  the  mines  on  account  of  the  adits 
was  comparatively  simple,  but  because  of  the 
rugged  nature  of  the  country  a  decent  base  line 
for     any     tri  angulation     was     very     difficult     to 
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measure,  and  the  farm  beacons  were  usually  only 
rough  heaps  of  loose  stones.  In  my  case  the 
true  meridian  was  obtained  by  observing  a  fixed 
star  at  various  altitudes,  before  and  after 
culmination,  at  nights  and  this  was  frequently 
interfered  with  by  the  clouds  hanging  over  the 
Berg  for  days  at  a  time. 

In  summer,  the  surveyor  is  much  handicapped 
by  the  long  grass,  thorns  and  thick  bush.  In 
measuring  the  quantity  of  water  in  the  rivers  or 
streams  careful  note  had  to  be  made  that  it  was 
the  normal  quantity  flowing,  as  at  times  a  stream 
would  develop  into  a  roaring  torrent  because  of  a 
local  downoour  elsewhere  while  at  others  it  might 
be  a  trickling  rivulet  and  so  quite  deceive  one  as 
to  the  actual  volume  available. 

As  the  author  remarks,  the  native  labour  supply 
was  and  is  very  erratic,  and  the  term  of  service 
much  too  short  to  get  any  degree  of  efficiency 
from  the  boys. 

I  am  glad  to  see  that  now  there  is  no  loss  of 
time  through  drunkenness.  During  my  time,  this 
Was  a  great  evil  in  the  outside  districts  not  so 
much  from  the  Kafir  beer  as  from  bad 
rum,  etc.,  sold  by  the  local  storekeepers,  until 
the  following  compromise  was  come  to  that  the 
management  would  wink  at  it  and  make  no 
complaint  if  the  storekeeper  would  sell  only  per 
"'  tot "  at  the  counter  and  not  per  bottle  ;  this 
worked  well,  the  natives  got  their  tots  and  we 
got  our  labour.  The  short  term  of  service,  three 
to  four  months,  was  a  very  disorganising  factor ; 
the  native  kraals  were  just  below  the  Berg,  a 
day's  journey  at  the  most,  and  yet  they  could  not 
be  prevailed  upon  to  work  for  a  longer  period  ; 
the  supply  was  best  during  the  famine  period, 
that  is  between  sowing  and  reaping  :  otherwise 
they  had  their  wives  to  till  for  them,  their 
daughters  to  brew  for  them  and  their  sons  to 
hunt  for  them  ;  while  they,  the  overlords,  basked 
in  the  sun  and  loafed,  this  was  the  pre-war  period. 
I  hope  all  is  now  being  changed,  the  native  has 
our  protection  and  he  should  be  made  to  work 
and  be  a  useful  citizen. 

STOPE  MEASUREMENTS. 


(Bead  at  May  Meeting,  1909.) 
By  Otto  S.  Tonnesen  (Member). 

DISCUSSION. 

Dr.  J.  Moir  (VicePresident)  (contrihuted)  :  I 
have  no  practical  knowledge  of  surveying,  but  I 
have  to  offer  a  little  mathematical  criticism  on 
this  papar. 

I  am  sorry  to  find  the  author  helping  to  per- 
petuate a  certain  popular  error,  viz.,  that  the 
curve  in  which  a  stretched  chain  or  tape  hangs 


under  gravity  is  a  parabola.  This  is  not  the  case, 
for  the  curve  is  a  catenary,  and  it  only  resembles 
a  parabola  superficially.  The  equation  to  the 
catenary     (origin     at     bottom     of     curve)     is 

y  =  c(cosh  -  -  1),  and  the  corresponding  parabola 

a-2 
is  V  —  9~>  s0  t hat  they  only  correspond  near  the 

bottom,  as  will  be  seen  on  expanding  cosh  -  in 

c 

powers  of   .*'.     The  equation  to   the  curve  of  a 

sloping  tape  (origin  at  lowest  point)  is  similarly 

.r  ,     x 

y  =  c  sec  a  (cosh  -  —  1)  +  c  tan  a  sinh  -  where  c  = 

T 

—cos  a  ;    a  being  the  slope,  T  the  bottom  tension, 

and  w  the  weight  of  the  tape  per  unit  length  :  if 

T 
we  make  —  —  a  (length  of  tape  equal  to  bottom 


tension),  the  curve  becomes  y  =  a(cosh- 

.  ,      x 
+  a  sin  a  sink 


-1) 


a  cos  a 
It   is   true   that,  when   the  sag  is   small,  the 
expression  for  the  latter  is  very  nearly  the  same 

as  what  the    author   assumes,    viz.,    S  =  - , 

\a    ' 

where  I  is  length  of  tape,  i.e.,  the  sag  varies  as 
square  of  length  of  tape  and  also  as  its  specific 
weight  and  inversely  as  its  tension. 

Again  the  calculation  of  area  on  pp.  377-378 
appears  to  be  wrong,  but  the  author  is  so  obscure 
that  I  am  uncertain  of  his  meaning.  '  The  area 
of  a  parabolic  segment  is  two  thirds  of  *  the 
triangle  enclosed  by  the  tangents  and  the  chord 
and  therefore  one-third  of  the  corresponding 
parallelogram.  I  hope  the  author  will  clear  this 
up  in  his  reply ;  but  in  fact,  as  the  curve  is  not 
a  parabola,  the  expression  for  the  area  is  different. 
The  area  between  curve  and  chord  is,  of  course, 

I  have  worked  this  out  from  the 


\X\V\-  J ydx- 


above  curve  equation,  and  find  that    (x1    being 
ordinate  of  top  of  tape)  :  — 


A  = 


ax.  ,  •  ,    lax. 

—r±  +  ac  sin  a  + 


stn  a  -ac 


I  cosh  -^  + 

inh  ^ 
c 

On  expanding  the  hyperbolic  functions  as  far 

<    ,i  •         i  k      ac  +  a  sin  a  x,     , 

as  ;r,4,  this  reduces  to:    A  = — -- *.  x  °{  ; 

1  'lc6 

l~cos  a 
or   since    x1  =  Icos  a,     and    S  (sag)  =  — r , 

S^      SI  sin  a      t»    i  -\r      t<  mi 

Perhaps   Mr.    lonnesen  will 


A-i  + 


6a 


look  into  this  and  see  whether  I  have  made  any 
oversight  in  my  criticism. 
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THE    INFLUENCE    OF    MOIST    AIR    ON 
QUICKLIME. 


(Read  at  May  Meeting,  1909.) 


By  Jas.  Gray,  F.I.C.  (Member). 


DISCUSSION. 

Dr.  J.  Moir(  Vice-President)  (contribute  t):  This 
is  a  most  useful  paper,  and  I  am  surprised  that 
no  one  has  discussed  it.  Shall  I  be  accused  of  pre- 
judice if  I  suggest  that  its  fate  might  have  been 
different  had  it  tended  towards  reduction  of 
working  costs,  instead  of  helping  (as  it  does) 
those  on  the  other  side  of  a  lime  contract  '. 

My  criticism  is  that  the  author  should  have 
worked  out  his  figures  more  completely.  I  find 
that  the  results  are  misleading  as  they  stand,  as 
the  absorption  of  CO.,  is  hidden  by  the  fact  that 
the  increase  in  total  weight  depresses  the  percent- 
ages. 

I  will  take  the  experiments  in  turn  and  discuss 
them.  In  No.  1,  7'2S  grams  CaO  were  present 
to  begin  with,  and  at  the  end  7"102  grams  CaO 
(viz.,  63-7S  x  -ioo3o5)  >  tne  difference  0-178  must 
nave  become  CaC03,  because  the  absorption  of 
water  does  not  per  se  alter  the  total  CaO  origin- 
ally present.     Hence,  at  end, 

fC09  absorbed  =  0T 40  ,      ,    ■,     f  .   ,  ,  . 

■  it  /  v  v  i_  i  a  nn-,  or  about  -k  ot  total  m- 
(H20  absorbed  =  0-99o'  b 

crease  of  weight  is  CO.,  and  |  water.  Consider- 
ing the  insignificant  proportion  of  CO.,  in  air,  the 
amount  taken  up  is  wonderful. 

Experiment  2,  continued  for  ten  days,  is  how- 
ever much  more  striking.  Starting  as  before,  at 
the  end  there  was  6077  gram,  total  CaO  (viz., 
48-44 xi|&£f).  Hence  C02  absorbed  =  0945 
and  H00  absorbed  =  1*600  (a  ratio  of  less  than  2 
to  1).  " 

Hence  the  final  (product  12545  gram)  con- 
sisted of  : 

Free  CaO  =  1  099  gram. 
Ca(OH),  =6-578       „ 


CaCO, 


=  2-148 


Original  impurities       =2720 


12"515  gram. 

In  other  words  the  sample  became  fully  hy- 
drated  (except  for  enclosed  grains)  probably  in 
much  less  than  10  days,  and  thereon  commenced 
to  lose  water  again,  just  in  proportion  as  it 
gained  C02  thus,  CaOH  ,  +  CO,,  =  CaCOa  +  H20. 

There  is  something  wrong  in  experiment  3,  as 
the  CaCOs  found  does  not  agree  with  that  cal- 
culated from  the  assumptions  :  probably  the 
8T%  of  original  impurities  did  not  consist 
•entirely  of  CaCO;,  as  assumed. 


By  the  way,  Mr.  Gray's  pure  lime  must  have 
been  pretty  rotten  stuff — only  91  and  88%  CaO 
— and  I  suggest  that  he  try  this  again  before  his 
reply  comes  on.  There  is  no  reason  why  he 
should  not  get  99  5%  CaO  to  commence  with  : 
and  two  experiments  with  this,  one  for  two  or 
three  clays  and  the  other  for  a  fortnight,  would 
clear  up  the  points  I  have  discussed.  But,  of 
course,  Lis  main  contention  —  that  the  lime-sellers 
are  cheating  themselves — is  quite  clear  already. 


RESEARCHES    UPON    THE    TELLURIDE 

GOLD  ORES  OF  CRIPPLE  CREEK 

(COLORADO). 


(Bead  at   May   Meeting,  1909.) 


By  the  Portland  Metallurgical  Society 
(edited  by  Thos.  B.  Crowe). 


discussion. 

Dr.  J.   fHolr  (Vice-President)  (contributed)  :  I 

have  to  criticise  some  of  the  chemistry  in  this 
paper.  In  it  the  authors  seem  to  have  gone  on 
the  principle  of  omnt  ignotum  pro  magnifico, 
because  whenever  they  "get  stuck"  for  an  ex- 
planation, they  propound  one  depending  on  the 
supposed  properties  of  any  out-of-the-way  sub- 
stance that  takes  their  fancy. 

The  equation  on  p.  398  is  ridiculous,  because 
ammonium  persulphate — which,  by  the  way, 
should  be  written  NR4S04 — does  not  give  rise  to 
SO,  under  any  circumstances  whatever. 

Again,  at  bottom  of  first  column  of  p.  399, 
they  assert  that  NH4S04  liberates  iodine  from 
KI  in  alkaline  solution.  I  should  like  to  know 
how  they  know  that— seeing  that  unless  one 
acidifies,  no  iodine  can  be  recognised  ;  and  that 
when  one  acidifies  the  reaction  is  between  H.,02 
and  HI,  andnohypoioditeneed  be  assumed.  The 
fact  that  CNI  cannot  resist  alkali  has  been  in  the 
text-books  for  20  years  ;  also  the  solubility  of 
Ag  in  NH4S04  has  been  applied  in  photography 
for  nearly  as  long.  As  for  the  statement  about 
sodium  thiosulphate  at  the  top  of  p.  400, 
I  can  only  say  that  it  is  not  borne  out  by  farts. 
The  only  conceivable  substances  producible  from 
pyrites  are  SO.,  and  IPSO.,  and  1  Btrongly advise 
the  authors  t<»  make  further  researches  into  the 
subject  without  further  ado.  What  probably 
really  did  happen  was  that  the  already-existing 
oxidation  of  cyanide  by  11  <  >..  was  accelerated  by 
a  trace  of  iron  compound   which    had  got    dis- 
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solved.      Have   the  authors  tried  replacing  the 
KI  by  common  salt  1 

Mr.  C.H.  Cropper/ Member)  (contributed):  The 

researches  upon  the  telluride  gold  ores  of  Cripple 
Creek  by  the  authors  interest  me  as  one  having  had 
experience  in  the  treatment  of  telluride  ores  of  Kal- 
goorlie,  W.A.  While  it  may  be  true  that  the  history 
oft  hemetallurgical  treatment  of  the  CrippleCreek 
ores  has  been  attended  by  many  failures,  it  can 
hardly  be  said  that  such  has  been  the  case  in 
respect  of  the  Kalgoorlie  ores,  and  it  is  very 
evident  tbat  there  is  a  wide  difference  in  the 
solubility  of  the  gold  in  telluride  mintrals.  The 
ore  being  treated  at  Kalgoorlie  is  for  the  most 
part  a  sulpho-telluride,  and  the  metallurgists  on 
the  field  have  met  with  a  large  measure  of  success 
in  dealing  with  the  problem  before  them.  In  the 
early  days  of  the  field,  when  the  grade  of  ore  was 
high  and  the  extractions  low,  it  was  discovered 
that  tellurium  was  a  factor  to  be  reckoned  with 
in  future  treatment.  Bromo-cyanide  enabled 
better  extractions  to  be  obtained,  although  the 
residues  contained  bigh  values.  At  the  present 
day  the  average  grade  of  ore  has  fallen  consider- 
ably ;  the  highest  may  be  taken  at  55s.,  the  lowest 
at  L'Ss.  In  tbe  constant  effort  to  reduce  the 
value  of  residues  the  economic  factor  has  pre- 
vailed, inasmuch  as  an  extraction  of  85%  on  a 
refractory  ore  may  show  a  better  cost  sheet  than 
a  95%.  As  to  which  of  the  two  processes  in 
vogue  is  the  better,  viz  ,  dry  crushing  or  wet 
crushing,  is  a  matter  of  opinion  ;  but  the  facts 
are  that  with  the  dry  crushing  and  all  roasting 
plants  the  residues  are  under  1  dwt.  without  the 
use  of  BrCy,  while  the  wet  crushing  residues  are 
11  dwt.,  the  raw  slime  only  being  treated  with 
BrCy.  Total  treatment  costs,  as  they  are  to-day, 
range  from  8s.  8d.  per  ton  to  10s.  8d.  for  wet 
crushing,  from  10s.  up  to  lis.  8d.  per  ton  for 
dry  crushing.  Tbe  capital  outlay  on  a  dry  crushing 
plant  is  greater  than  for  wet  crushing,  but  the 
difference  would  be  compensated  for  in  the  lower 
residues  obtained  ;  greater  improvements  in  roast- 
ing furnace  design  have  advanced  dry  crushing 
practice.  With  the  wet  crushing  plant,  concen- 
tration of  the  mineral  is  employed,  but  there  is  a 
proportion  of  very  fine  mineral  which  is  carried 
away  in  the  slime  and  which  is  the  cause  of  the 
higher  values  in  residues. 

Telluride  ores  necessitate  slow  treatment  under 
our  present  knowledge  of  the  means  for  dissolv- 
ing the  gold,  and  anything  which  is  going  to 
shorten  the  time  of  treatment  will  effect  a  con- 
siderable saving  in  labour  and  outlay  of  plant. 
Besearch  work  in  the  laboratory  is  a  useful  indi- 
cation as  to  what  may  happen  in  running  the 
plant,  but  there  are  conditions  which  must  not 
be  overlooked  in  handling  large  tonnages  in  the 


practical  running  of  the  plant  which  will  often 
make  a  commercial  failure  of  experimental  facts. 
In  dealing  with  telluride  ores  of  the  present  grade 
at  Kalgoorlie,  where  sliming  is  of  such  importance, 
the  quality  of  the  slime  may  vary  from  time  to 
time  according  as  the  nature  of  the  ore  varies  in 
respect  of  making  the  slime  more  impervious,  so 
that  the  physical  condition  of  the  slime  may 
partly  be  the  cause  of  making  a  residue  assay 
higher  by  rendering  the  complete  washing  out  of 
the  dissolved  gold  difficult.  In  the  actual  run- 
ning of  a  plant  the  condition  of  the  solutions  is. 
the  greatest  factor  for  a  good  extraction,  and! 
what  is  required  by  the  metallurgist  to-day  is  a 
better  insight  into  the  chemical  re-actions  occur- 
ring in  the  solutions  as  to  how  and  where  they 
occur,  but  unfortunately  the  time  for  research 
work  is  usually  n<>t  at  his  disposal.  From  a 
commercial  point  of  view  it  seems  to  me  that  the 
cost  of  chemicals  mentioned  might  be  a  hindrance 
to  their  use  in  practice,  nevertheless  it  will  be 
interesting  to  read  the  results  of  a  practical 
application  of  the  facts  put  forward  by  the  Port- 
laud  Metallurgical  Society. 

The  proceedings  then  closed. 


Contributions  and  Correspondence. 


NOTES  ON  CLASSIFIEBS. 


For  the  benefit  of  those  desirous  of  data  in> 
regard  to  classification  of  the  mill  pulp  for  tube 
milling,  I  send  these  notes  on  our  experience  of 
cones  for  that  purpose.  The  original  idea  was  to 
utilise  four  cones,  5  ft.  6  in.  x  i  ft.  5  in.,  in  place 
of  the  usual  wooden  spitzlutte,  these  were- 
arranged  in  parallel  so  that  each  cone  would  havo 
its  own  proportion  of  the  pulp  to  classify,  instead 
of  classifying  successively  by  running  the  spitz- 
lutte in  tandem. 

The  principal  trouble  which  was  experienced 
when  tube  milling  was  started  was  caused  by  the 
elmking  of  the  launders  of  the  tube  mill  system  j 
this  continued  to  such  an  extent  as  to  necessitate 
frequent  stoppages  and  delays.  The  cause  of  this 
trouble  I  found  to  be  the  high  pressure  of  the- 
hydraulic  head  of  the  separators,  which  allowed 
too  great  a  percentage  of  fine  sands  through  the 
nozzles  into  the  tube  mill  system,  instead  of  per- 
mitting its  delivery  by  overflow,  to  the  cyanide 
works.  A  separator  woiking  in  an  ideal  manner 
will,  I  take  it,  immediately  return  all  the  sands 
which  are  fine  enough  for  treatment  by  cyanide^ 
to  the  cyanide  woiks.  To  return  them  to  the 
tube  mills  is  obviously  waste  of  time  and  workv 
as  well  as  unnecessary  wear  and  tear. 
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The  reduction  of  the  size  of  the  nozzle,  which  is 
generally  resorted  to,  is  bad  practice,  leading  as 
it  does  to  continual  choking  of  the  separators. 
It  stands  to  reason  that  if  the  separators  are  too 
deep,  the  sands,  both  coarse  and  fine,  will  fall  to 
the  bottom,  because  if  the  separators  were  deep 
enough  they  would  act  as  water  separators.  The 
remedy,  then,  is  to  find  out  the  proper  depth  of  the 
separators,  for  a  pulp  produced  by  a  battery  mill- 
ing with  a  certain  screen. 

Another  condition  which  militates  against  good 
classification  is  the  conical  shape  of  the  separators. 
If  you  consider  the  course  of  a  small  representa- 
tive portion  of  pulp  through  the  separator,  this 
portion  will  follow  a  downward  course  to  a  certain 
point,  at  which  the  various  component  particles 
will  separate  ;  the  heavier  will  continue  sinking 
to  find  their  way  through  the  nozzle,  while  the 
lighter  and  finer  will  start  upwards  with  a  certain 
initial  velocity.  This  portion  of  pulp  being  suffi- 
ciently fine  for  cyanide  treatment  should  be  kept 
rising  with  its  initial  upward  velocity  kept  con- 
stant ;  certainly  not  with  a  velocity  constantly 
and  uniformly  decreasing,  as  obtains  with  a 
conical  separator,  for  it  is  obvious  that  with  a 
cone  the  velocity  of  the  rising  particles  will 
gradually  decrease  as  the  sectional  area  of  the 
cone  increases  towards  the  base.  This  is  proved 
by  the  conical  separators  working  crowded, 
and  therefore  changing  their  original '  internal 
shape. 

To  correct  this,  I  first  introduced  a  cylinder  to 
fit  in,  half  way  down  the  conical  separators,  and 
obtained  much  better  results,  as  the  separators 
then  worked  quite  freely ;  after  this  I  had 
separators  made  of  different  dimensions,  in  order 
to  find  out  the  most  efficient.  The  results  of 
these  tests  proved  that  the  factor  of  most  import- 
ance was  the  height  of  the  separator,  the  diameter 
not  being  quite  so  important.  I  have  now  con- 
cluded that  a  cylindrical  separator,  3  ft.  6  in.  in 
depth  and  3  ft.  3  in.  in  diameter,  is  the  most 
suitable  for  our  pulp.  The  cylindrical  shape  is 
of  cheaper  construction,  and  as  the  sands  accumu- 
late at  the  bottom  and  form  a  natural  and  most 
efficient  cone,  the  cylinder  is  protected  from  the 
wear.  It  was  found  that  this  natural  cone  lias 
its  sides  at  about  45",  and  the  separation  occurs 
in  the  cylindrical  portion  above  this  cone. 

In  conclusion,  I  would  like  to  state  that  there 
is  absolutely  no  difficulty  in  obtaining  a  good 
overflow  from  the  separators  with  practically  not 
more  than  2%  or  3%  of  +60  material  ;  the  point 
is  to  get  rid  of  the  fine  sands  at  once  and  return 
practically  the  whole  of  the  +60,  and  as  little  of 
the  +90  material  as  possible. 

S.    AlMKTTL 

New  Heriot  G.  M.  Co., 
5th  May,  1909. 


Obituary. 


It  is  with  deep  regret  that  we  record  the  death 
of  Mr.  Wager  Bradford,  M.I.M.M.,  on  July  9th, 
from  pneumonia,  after  about  a  week's  illness, 
Mr.  Bradford,  who  joined  the  Society  in  1898, 
wras  one  of  its  most  active  members,  was  elected 
a  Member  of  Council  in  July,  1903,  and  Vice- 
President  in  July,  1904,  to  which  position  he 
was  re-elected  in  1905  and  1906.  Owing  to  his 
leaving  South  Africa  on  holiday  leave  Mr. 
Bradford  declined  nomination  for  the  President- 
ship in  the  following  year  and  in  succeeding 
years,  for  the  reason  that  his  duties  as  manager 
of  the  Langlaagte  Deep,  Ltd.,  necessitated  his 
undivided  attention.  In  1906  he  also  occupied 
the  position  of  President  of  the  Association  of 
Mine  Managers  of  the  Witwatersrand,  which  he 
filled  with  dignity  and  success. 

Mr.  Bradford  was  born  in  1863  at  Stockton, 
Cal.,  U.S.A.,  and  was  a  son  of  Judge  Abram  C. 
Bradford.  Educated  privately  he  subsequently 
graduated  with  the  degree  of  B.A.  from  Hamilton 
College,  New  York,  in  1885.  He  came  to  the 
Transvaal  in  1896,  and  filled  the  position  of 
manager  of  the  Buffelsdoorn  Estate  and  Buffels 
"  A,"  Paarl  Central  G.  M.  Co.,  and  Langlaagte 
Deep,  Ltd.  On  the  amalgamation  of  the  latter 
property  with  the  Crown  Mines,  Ltd.,  recently, 
he  wras  transferred  to  the  managership  of  the 
Robinson  G.  M.  Co,  Ltd.  Mr.  Bradford  was 
held  in  the  highest  esteem  by  all  with  whom  he 
came  in  contact,  and  the  Society  had  the  advant- 
age of  much  valuable  assistance  and  advice  from 
him  whilst  a  member  of  the  Council. 

A  most  impressive  memorial  service,  conducted 
by  the  Bight  Uv\<\.  the  Lord  Bishop  of  Pretoria, 
was  held  in  St.  Mary's  Church,  Johannesburg,  on 
the  15th  July,  and  was  very  largely  attended. 
Bishop  Furze  made  an  eloquent  tribute  to  the 
many  good  qualities  of  the  deceased,  whom  we 
shall  all  miss  greatly  from  our  mist. 


Notices  and  Abstracts  of  Articles  and 
Papers. 


CHEMISTRY. 

Electrochemistry  of  Solution  of  Gold  in 
Potassium  Cyanide.  "In  is'.».'!  McLaurin  proved 
definitely  that  guld  will  dissolve  in  potassium  cyanide 
solution  when  there  is  oxygen  present,  bul  that,  if 
mi  oxygen  i>  contained  in  the  cyanide  solution,  the 
gold  remains  unacted  upon.  From  pure  hydrocyanic 
acid  and  potassium  hydroxide  dissolved  in  water 
freed  from  air  by  long  boiling,  McLaurin  prepared  a 
solution  of  potassium  cyanide.     A  Dumas  bulb  was 
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partly  filled  with  this  solution,  a  strip  of  pure  gold 
was  placed  in  the  neck  of  the  bulb,  and,  while  the 
sjlntion  was  boiling,  the  neck  was  sealed.  The  gold 
was  allowed  to  remain  in  the  solution  for  24  hours, 
the  gold  losing  in  weight  O0002  gm.  The  gold  was 
then  allowed  to  remain  in  contact  with  the  same 
solution  in  the  presence  of  air  for  24  hours,  during 
which  time  it  lost  00083  gm.  This  is  the  best  experi- 
mental evidence  we  have  that  gold  requires  oxygen 
for  its  solution  in  potassium  cyanide. 

Although  other  investigators  took  up  the  study  of 
the  solubility  of  gold  in  potassium  cyanide,  little  of 
any  great  value  in  a  theoretical  way  was  brought 
forward  until  Christy  took  the  subject  up  from  an 
electrochemical  standpoint,  his  work  being  published 
in  1902. 

Christy  made  use  of  an  Au, KCN, Hg2Cl.2,Hg  couple, 
measuring  the  electromotive  force  and  finding  that 
the  positive  current  flows  in  the  cell  from  the  gold 
electrode  to  the  mercury,  gold  going  into  solution 
and  mercury  being  deposited.  He  then  suggested 
that,  should  an  '  oxygen  electrode ' — that  is,  plati- 
nised platinum  saturated  with  oxygen  gas — be  sub- 
stituted for  the  calomel  electrode,  the  gold  would  go 
into  solution  in  the  cyanide,  and  the  platinum  would 
receive  the  same  electrical  charge  that  he  found  in 
the  case  of  the  mercury. 

In  support  of  this  he  performed  the  following 
experiment :  A  strip  of  gold  was  suspended  in  a 
solution  of  potassium  cyanide  that  had  been  saturated 
with  oxygen.  A  second  strip  of  gold  was  suspended 
in  a  similar  solution,  freed  from  oxygen  by  boiling 
and  subsequently  protected  by  a  layer  of  oil.  The 
two  solutions  were  connected  by  means  of  a  liquid 
bridge,  and  the  two  gold  strips  by  means  of  a  wire 
and  galvanometer.  Gold  dissolved  in  the  oxygen- 
free  solution  and  a  current  was  shown  by  the  galva- 
nometer to  be  flowing  in  the  solutions  from  the 
oxygen-free  solution  to  that  containing  the  dissolved 
oxygen. 

The  following  explanation  of  the  phenomenon  has 
occurred  to  us  :  Christy's  cell  is  analogous  to  the 
simple  cell  constructed  in  the  same  manner  by  sub- 
stituting zinc  in  sodium  sulphate  for  gold  in  oxygen 
free  cyanide,  and  copper  in  sulphuric  acid  for  gold  in 
oxygenated  cyanide  Here  the  current  flows  in  the 
solutions  from  the  zinc  to  the  copper,  zinc  dissolving 
in  one  solution  and  hydrogen  being  liberated  on  the 
copper.  The  zinc  dissolves  in  the  absence  of  acid 
just  as  in  Christy's  cell  the  gold  dissolves  in  the 
absence  of  oxygen. 

In  the  zinc-copper  cell  the  solution  pressure  of  the 
zinc  drives  zinc  ions  into  the  solution,  the  hydrogen 
ions  in  the  other  solution  being  thus  forced  out, 
giving  their  charges  to  the  copper,  with  production 
of  a  current  outside  the  cell  from  copper  to  zinc.  In 
Christy's  cell,  the  gold  on  account  of  its  solution 
pressure  sends  gold  ions  into  the  solution.  Hydrogen 
ions  in  the  oxygenated  cyanide  vessel  (due  to  the 
slight  ionisation  of  water  into  H-  ions  and  OH'  ions) 
tend  to  be  forced  out  just  as  in  the  zinc-copper  cell, 
but  this  does  not  occur.  The  dissolved  oxygen  sends, 
by  virtue  of  its  solution  pressure,  oxygen  ions,  O", 
into  the  solution.  These  O"  ions  with  the  IF  ions 
form  OH',  so  that  the  cell  acts  like  a  bichromate  cell 
or  any  other  oxidation  cell,  instead  of  like  a  simple 
zinc-copper  couple.  The  OH'  ions  thus  left  in  the 
solution  form  with  the  K"  ions  dissociated  KOH. 

In  view  of  the  above  considerations,  it  seemed 
interesting  to  us  to  set  up  an  Au/KCN/O — Ft  couple. 
As  expected  gold  dissolved  rapidly  in  the  cyanide, 
the  rate  varying  with  the  concentration  of  the 
cyanide,  and  the  concentration  of  the  oxygen  in  the 


oxygen  electrode,  the  current  passing  in  the  couple 
from  gold  to  oxygen.  Solubility  determinations  are 
needless  and  impossible  on  account  of  the  difficulty 
of  excluding  air  from  the  cyanide,  and  of  the  variabi- 
lity in  the  potential  of  the  oxygen  electrode. 

If  it  were  possible  to  supply  oxygen  to  the  plati- 
nised platinum  at  a  high  enough  speed  and  at  the 
same  time  exclude  all  air  from  the  cyanide  solution 
(other  things  being  equal,  such  as  physical  condition 
of  the  gold,  etc.),  the  solubility  would  undoubtedly 
be  directly  proportional  to  the  current,  according  to 
Faraday's  law.  As  a  matter  of  fact,  the  physical 
condition  of  the  gold  varying  and  causing  a  varying 
occlusion  of  oxygen  on  its  part,  the  oxygen  held  in 
•  solution  by  the  cyanide,  and  the  varying  amount  of 
oxygen  occluded  by  the  platinised  platinum  un- 
doubtedly cause  the  gold  to  dissolve  at  a  rate  not 
proportional  to  the  current  flowing  through  the  cell. 
Hence  the  solubilities  indicated  in  the  following 
table  are  not  to  be  considered  more  than  fair  approxi- 
mations : — 
Strength 
of  KCN.  Time.  An  Dissolved. 

0  05%  2  hr.  0-0219  gm.  Circuit  closed. 
0-05              2                  0-0036  Circuit  open. 
0-1                 2                   0  0307                 Circuit  closed. 

01  2  00055  Circuit  open. 
015               1                   0  0193                 Circuit  closed. 
0-15               1                   0  0033  Circuit  open. 

We  also  measured  the  potentials  of  gold  in  varying 
concentrations  of  cyanide  against  the  oxygen  elec- 
trode, with  results  which  agree  with  the  measure- 
ments of  Christy  and  others  made  against  the  normal 
calomel  electrode  : — 

Strength  of  Solution.  Gold  Potenl  ial. 

0-1%  0-12  volt. 

015  0-14 

0  65  0  21 
0-8                           0-22 

1  0  0  29 

The  equation  for  the  solubility  of  gold  in  potassium 
cyanide,  often  called  Eisner's  equation,  is 

4Au  +  8KCN  +  2H20  +  O,  =  4K  Au(CN),  +  4KOH 
The  gold  dissolves  on  account  of  the  formation  of 
innumerable  short-circuited  gold-oxygen  cells.  The 
gold  sends  4Au  ions  into  the  solution  by  virtue  of  its 
solution  pressure,  and  at  the  same  time  the  dissolved 
oxygen  sends  20"  ions  into  the  solution  by  virtue  of 
its  solution  pressure.  The  4Au  ions  react  with  the 
8CN'  ions  of  the  dissociated  KCN,  forming  4Au 
(Cn)o'  ions,  and  the  20"  ions  react  with  2H-  (which 
are  present  from  the  dissociation  of  2H.,0  molecules 
into  2H-  and  20H'),  forming  20H'  ions.  Thus  the 
ions  present  before  solution  are 

4Au  ■  x  8K  •  +  8CN'  +  2H  •  +  20H'  +  20" 
and  after  the  reaction 

8K;  +  4Au(CN),'  +  40H' 
or  written  in  the  form  of  an  equation, 

4Au-  +  8K-  +  8CN'-f2H+20H'  +  20"= 
8K-  +  4Au(CN)2'+40H' 
Oxygen  need  not  necessarily  be  the  carrier  of  the 
four  negative  charges  required.  Any  substance 
capable  of  furnishing  these  charges  would  cause  gold 
to  dissolve  in  potassium  cyanide,  or  any  mechanical 
means  of  producing  these  four  chaiges  would  have 
the  same  effect.  In  this  latter  case  the  equation 
would  be 

2Au-  +  4K-  +  4CN'  +  2H'  +  20H'  = 
4K-  +  2Au(CN)2'  +  20H'-r2H 
and  gaseous  hydrogen  would  be  liberated  from  the 
cyanide  solution  as  the  solution  of  the  gold  proceeded. 
Cyanogen-bromide  added  to  a  potassium  cyanide 
solution  is  a  very  effective  gold  solvent.  The  reaction 
is        Au2  +  3KCN  +  BrCN=2KAu(CN)2  +  KBr. 
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Considered  electrochemically  the  reaction  is  as 
follows: — 

The  solution  pressure  of  the  gold  sends  2Au-  ions 
into  the  solution  while  the  solution  pressure  of  the 
'cyanogen  bromide  sends  a  Br'  ion  and  a  CN'  ion  into 
the  solution.  The  2Au"  ions  react  with  the  4CV 
ions,  forming  2Au(CN).,'  ions,  so  that  the  equation 
would  be  written 

2Au+3K-  +  3CIS'  +  Br'  +  CN'  = 
2K  •  +  2Au(CN)2'  +  K-  +  Br'. 

It  should  therefore  be  possible  to  set  up  a  cell  in 
which  gold  and  solid  cyanogen  bromide  were  the 
electrodes  and  potassium  cyanide  the  electrolyte. 
The  current  would  ilow  in  the  cell  from  the  gold  to 
the  cyanogen  bromide,  both  being  consumed,  just  as 
in  the  gold-oxygen  cell,  the  current  flows  in  the  cell 
from  the  gold  to  the  oxygen,  both  being  consumed."' 
— Ekeley  and  Tatum,  Western  Chemist  and  Metal- 
lurgist.— Eleetrochem  'col  and  Metallurgical  Industry ', 
April,  1909,  pp.  156-7.     (A.  McA.  J.) 

Cause  and  Prevention  of  Rust. — "Studies 
have  recently  been  made  of  the  causes  which  produce, 
decrease,  or  accelerate  rust.  It  is  generally  believed 
that  carbonic  acid  plays  an  essential  and  necessary 
role  in  the  oxidation  of  iron.  Such,  however,  is  not 
the  case.  Iron  rusts  in  air  quite  free  from  carbonic 
acid,  or  even  in  water  containing  no  trace  of  this  gas, 
whilst  carbonic  acid  alone,  in  the  absence  of  oxygen, 
exerts  no  action  on  iron  in  pure  water.  On  the  other 
hand,  we  know  that  in  dry  oxygen  iron  does  not  rust. 
"What,  then,  is  the  causj  of  rust?  It  is  of  electric 
origin,  and  due  to  the  lack  of  homogeneity  in  the 
iron.  Any  impurity  incorporated  in  the  metal  forms 
an  electric  couple  ;  water  is  decomposed,  and  the 
nascent  oxygen  which  accumulates  at  the  positive 
pole  attacks  the  metal-  Numerous  facts  corroborate 
this  theory.  Thus,  corrosion  of  iron  in  contact  with 
zinc,  under  water,  is  considerably  decreased  at  cost 
of  the  latter  metal.  On  the  contrary,  if  the  iron  is  in 
contact  with  copper  or  nickel,  corrosion  is  much 
greater.  Contact  between  two  pieces  of  iron  of 
different  structure  suffices  to  produce  rust.  How  can 
iron  be  preserved  ?  If  it  is  plunged  into  a  liquid,  the 
addition  of  potassium  or  alkaline  salts  will  protect 
it  ;  but  they  must  be  in  a  rather  concentrated  solu- 
tion, otherwise  the  remedy  is  worse  than  the  evil. 
Chromates,  on  the  contrary,  are  perfect  preservatives, 
either  in  solution  or  as  paints,  and,  strange  to  say, 
when  iron  is  removed  from  chromated  water  or  the 
paint  is  washed  off,  it  will  still  remain  proof  against 
rust  for  a  certain  time.  Thus,  these  observations 
perfectly  demonstrate  the  value  of  chromate  paints 
recommended  during  the  last  few  years.'" — I.n  Nature, 
Feb.  13.—  London  Minimi  Journal,  April  111,  19(19, 
p.  460.     (A.  K.) 


De-rustinc  of  Iron  in  Ferro-Concrete.— "The 
cause  of  the  disappearance  of  rust  from  iron  bars, 
etc.,  used  in  the  erection  of  ferroconcrete  sti  net  nrcs, 
has  been  traced  by  Kohland  (Slahl  mid  Eisen, 
March  17)  to  the  presence  of  acid  carbonates  and 
sulphates  in  the  cement,  these  salts  dissolving  the 
iron  oxide  and  leaving  the  metal  bright.  The  cement 
in  setting  absorbs  carbonic  acid  from  the  air,  thus 
forming  the  necessary  acid  carbonates;  and  experi- 
ence has  shown  that  the  de-rusting  process  is  elicited 
whilst  the  concrete  is  setting  and  commencing  to 
harden.  This  discovery  affords  an  additional 
guarantee  for  the  safety  of  ferro-concrete  structures, 
inasmuch  as  the  metal  is  protected  from  rusting  l>y 
the  .alkaline  reaction  <>l  the  cement  during  the  mixing 
process,  and  any  rust  on  the  bars  is  removed  by  the 


acid  carbonates  at  an  early  stage  in  the  erection  of 
the  structures.'" — London  Mining  Journal,  April  10, 
1909,  p.  460.     (A.  R.) 

METALLURGY. 

Water  Required  for  Concentrating  Machin- 
ery.— "The  following  approximate  data  are  given 
by  the  General  Engineering  Co.,  of  Salt  Lake  City 
for  use  in  making  preliminary  estimates  only. 

Stamps  and  Pulverisers. — For  each  800 — 1,000-lb. 
stamps,  from  3 — 6  gallons  per  minute  per  stamp.  On 
medium  hard  ores  with  1,000-lb.  stamps  crushing  to 
20  mesh,  5  tons  per  stamp  with  3i — 4  gallons  per 
minute  is  good  work.  This  equals  a  pulp  of  from 
4 — 5  to  1.  Chilian  and  Huntington  mills  on  similar 
ore  will  require  a  total  of  5 — 6  tons  of  water  per  ton 
of  ore  passing  the  screens. 

Jigs. — For  each  18  in.  x  36  in.  compartment  of 
Harz  jigs  treating : 

H —  2|  mm.  particles,    2 —  4  gallons  per  minute 

3| —  5    mm.  particles,    5 —  7  gallons  per  minute 

7  — 10    mm.  particles,    8 — 14  gallons  per  minute 
15  — 20    mm.  particles,  21—28  gallons  per  minute 

This  is  in  addition  to  the  water  in  the  feed  which 
can  be  assumed  to  be  not  less  than  1 — 1  water  and 
ore. 

Revolving  Screens  (Spray  Water).—  Each  36x72 
screen  will  require  on  : 

\\ —  3i  mm.  holes,  15—  25  gallons  per  minute 
3§—  7  mm.  hole,s,  10—15  gallons  per  minute 
7" — 15    mm.  holes,    5 —  8  gallons  per  minute 

Callouu  T  B  Screens  (.",  in  Duplex).— Water  in  pulp 
=  3£ — 4  tons  water  per  ton  of  feed. 

Shaking  spray,  6 — 10  gallons  per  minute 
Oversize  spray,  8 — 12  gallons  per  minute 

WUfley  Tidilcs.  —  5  —  111  gallons  per  minute. 

Six-Foot  Frue  Vanners. — H — 3  gallons  per  minute. 

Hydraulic  Classifiers. — A  very  variable  quantity. 
Richards  gives  from  10—50  tons  water  per  ton  of 
pulp,  or  an  average  of  20  tons  for  all  the  mills  visited 
by  him."— Mines  and  Mi/anils,  March,  1909,  p.  381. 
(A.  R.) 


Cyaniding  Graphitic  Ores.— "The  ore  in  the 
bottom  levels  of  the  Great  Boulder  mine  carries  a 
greater  percentage  of  graphite  than  that  of  the 
shallower  workings.  No  entirely  satisfactory  theory 
as  to  the  origin  of  this  material  in  the  Kalgoorlie 
ore  bodies  has  yet  been  advanced.  It  is  of  course 
quite  impossible  that  it  is  in  any  way  organic,  as  no 
matter  of  organic  origin  has  ever  been  associated 
with  the  Archaean  or  pre-Cambrian  rocks  to  which 
these  ore  bodies  belong.  The  clement-,  however, 
are  all  present  in  the  rocks  which  could  cause  the 
formation  of  graphite  inorganically,  and  it  is  highly 
probable  that  it  was  derived  from  some  <>i  the  alka- 
line carbonates  by  a  series  of  chemical  reactions 
assisted  by  the  enormous  dynamical  stresses  and 
temperature  obtaining  in  these  plutonic  rocks.  The 
graphitic  material  in  the  Kalgoorlie  lode  bodies  does 
not  as  a  rule  occur  disseminated  throughout  the  ore, 
l.u  t  appears  t<>  be  deposited  along  the  cleavage  planes 
of  the  rocks.  This  tends  colour  to  the  theory  of  its 
formation  by  the  dissociation  of  a  carbonate.  It  has 
been  a  moot  point  among  metallurgists  w  hether  the 
presence  of  graphite  does  interfere  with  the  extrac- 
tion of  gold  by  causing  its  precipitation  prematurely 
from  the  auro-potassic  cyanide  solutions  in  the 
agitating  vats.  No  doubt  when  un roasted  ore  is 
being  treated  graphite  doe-  cause  this  premature 

precipitation  from  the  Bolutions,  for  the  writer  has 
knowledge  of  an  interesting  experimenl  recently 
made  in  Kalgoorlie  in  older  to  Bettle  this  point.  The 
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experiment  was  conducted  with  a  gold-bearing 
cyanide  solution  to  which  a  finely  powdered  raw 
graphitic  ore,  containing  3%  graphite,  was  added  and 
agitated.  Precipitation  of  gold  soon  commenced, 
and  after  a  two  hours  mechanical  agitation,  analysis 
of  the  solution  showed  that  from  30%  to  50%  of  the 
gold  was  precipitated.  On  taking  another  portion 
of  solution  and  introducing  similar,  but  roasted  ore 
with  I  he  subsequent  agitation,  assays  showed  no 
appreciable  loss  of  gold.  The  results  of  this  experi- 
ment are  manifestly  important,  for  it  goes  to  show 
that  in  this  particular  ore  experimented  on,  in  order 
to  nullify  the  precipitative  action  of  the  graphite  on 
gold-hearing  cyanide  solutions,  it  is  neccessaiy  to 
first  roast  the  ore.  It  further  goes  to  show  that  il  is 
not  actually  the  graphite  itself  that  causes  the  pre- 
cipitation, for  the  temperatute  employed  in  the 
oxidising  roast  of  ore  is  not  such  as  will  in  any  way 
affect  the  graphite,  which  is,  as  is  well  known,  a 
very  refractory  ml  stance  except  under  the  most 
extreme  temperatures.  It  appears  then  that  it  is 
something  associated  with  the  graphite  that  causes 
the  precipitation,  and  it  has  been  suggested  that  it  is 
perhaps  hydro-earbons  which  the  moderate  heat  of 
roasting  is  sufficient  to  eliminate,  and  the  giaphite 
left  in  an  inert  form." — Australian  Minimi  Standard, 
March  3,  1909,  p.  223.     (A.  K.) 

Fluxes  for  Silver  Residues. — "In  electro- 
plating with  silver,  and  in  any  other  technical  pro- 
cesses in  tlie  industrial  arts,  there  aie  large  quan- 
tities of  silver  tailings  and  pi ecipitates,  for  the 
propei'  recovering  and  utilisation  of  which  smelting 
is  necessaiy.  These  by-products  are  of  such  different 
characters  that  if  they  were  all  melted  together, 
there  would  result  no  pure  material,  hut  the  mass 
would  hall  together  in  the  crucible  and  form  a 
half  melted  lava-like  material,  in  which,  as  far  as 
industrial  purposes  are  concerned,  the  silver  would 
be  in  a  worse  condition  than  hefore.  In  order  to 
smelt  such  a  mass  and  get  theiefrom  a  pure  silver- 
bar,  there  must  he  used  a  flux,  for  the  purpose  of 
setting  free  the  oxide  that  has  been  formed,  and  per- 
mitting the  metal  to  form  a  single  mass. 

The  flux  desoibed  below  by  a  writer  in  the 
Deutsche  Metall  Industrie  Zeitung  lias  been  used  for 
a  long  time  in  establishments  that  smelt  silver 
tailings  and  sweepings,  and  has  L'iven  the  highest 
satisfaction.  Originally  it  wo s  used  in  the  cyanide 
process  for  the  extraction  of  gold  from  auriferous 
ores. 

This  process  consists  essentially  in  grinding  the  ore 
fine  and  then  leaching  the  resulting  material  in  wooden 
tubs  by  a  weak  solution  of  potassium  cyanide.  The 
la,tter  substance  dissolves  out  the  gold  and  silver  in 
the  ore  ;  the  clear  solution  is  draw  n  off,  and  the  noble 
metals  piecipbated  by  the  addition  of  zinc  scrap. 
The  deposit  thus  formed  consists  of  gold,  silver, 
copper  and  a  greater  or  less  quantity  of  zinc.  When 
dried  it  is  smelte  with  a  flux,  and  the  mass  sent  to 
the  refinery. 

As  I  his  flux  has  given  good  satisfaction  in  the  pro- 
cess just  named,  experiments  weie  made  to  determine 
whether  or  not  it  could  be  employed  to  advantage  for 
other  kinds  of  silver-smelting,  ar.d  for  other  sweep 
ings,  etc..  containing  silver  or  gold.  Favourable 
results  were  obtained  therewith.  The  flux  consists 
of  306  kg.  of  calcined  so.la  (soda  ash),  09  kg.  of 
borax  glass,  0/4  kg.  of  said,  126  g^ i n .  of  flu<  rspar. 
Borax  glass  is  to  he  used,  not  borax  itself,  as  the 
latter,  w  hen  heated,  swells  too  much,  and  this  makes 
trouble  in  smelting  the  silver-1  earir  g  or  gold-bearing 
materials.     Borax  glass  can  be  obtained  by  melting 


crystallized  borax  and  sand  in  a  graphite  crucible, 
until  all  is  clear,  and  then  pouring  the  liquid.  Any 
kind  of  sand  may  be  used,  only  it  must  not  be  coarse. 

The  silver-bearing  material  is  mixeel  with  the  flux, 
and  the  mixture  melted  in  a  graphite  crucible.  This, 
latter  must  not  be  quite  full,  as  the  mass  swells  a 
great  deal  in  melting.  The  amount  of  flux  necessary 
elepends  on  the  kind  of  mateiial  being  melted.  For 
most  such  material,  the  flux  is  employed  in  the  pro- 
portion of  one  thereof  to  two  parts  of  the  former. 

Where  the  tailings  or  the  sweepings  are  all 
chlorides,  more  flux — even  equal  parts  by  weight — is 
necessary.  Fluorspar  is  added  to  make  the  resulting 
mass  more  liquid.  In  a  slag  of  thick  consistance, 
such  as  is  produced  by  soda-ash  alone,  the  metal  does 
not  separate,  hut  attaches  itself  to  the  slag,  so  that 
much  thereof  remains  on  the  latter.  Where,  how- 
ever, fluorspar  is  used,  the  slag  is  rendered  so  liquid 
that  all  the  metal,  once  melted,  falls  at  once  to  the 
bottom  of  the  crucible. 

Where  there  is  much  iron  in  the  material  to  be 
smelted  it  must  be  removed  by  the  aid  of  magnets.. 
As  iron  has  a  very  unfavourable  effect  on  the  process 
of  smelting,  it  must  iir  no  case  be  alloweel  to  remain 
in  the  mateiial.  Incidentally,  this  latter  must  be 
perfectly"  dry  before  being  mixed  with  the  flux." — 
Canadian  Mining  Journal,  May  15,  1909,  p.  305. 
(A.  R.) 


Slime  Settlement.— "  Lime  slaked  with  hot 
water,  according  to  Leo  D.  Bishop,  causes  slime  to 
settle  with  nearly  twice  the  rapidity  of  lime  slaked 
with  cold  water.  Mr.  Bishop  also  calls  attention  to. 
the  great  elifferenee  in  effectiveness  of  different  limes 
as  coagulators  for  slime.  The  composition,  as  well 
as  the  perfection  of  burning,  are  important.  In 
short  the  more  CaO  the  lime  contains,  the  more  it  is. 
worih." — Indian  Engineering,  April  17,  1909,  p.  253. 
(A.  R.) 


Conical  Pebble  Mill. — "  The  prominent  feature 
of  the  design  is  that  it  is  of  conical  and  not  of  cylin- 
drical shape.  The  result  of  this  design  is  a  sizing 
action,  whereby  the  pebbles  and  the  particles  of 
material  to  be  crushed  arrange  themselves  according 
to  their  size  at  different  sections  of  the  cone.  The 
illustration  shows  the  comparative  peripheral  speeds 
in  feet  per  minute  at  different  sections  of  the  mill, 
and  a  diagrammatic  comparison  of  the  size  and 
weight  of  the  crushing  pebbles  and  the  particles  to 
be  crushed.  The  great  increase  in  the  difference  as. 
the  sizes  decrease  is  comparatively'  equaliseel  by  the 
diminished  fall  and  reduced  peripheral  speed. 

Or,  in  other  words,  the  principles  involved  of 
gradual  reduction  in  the  same  apparatus  through  the 
application  of  a  combination  of  the  laws  of  gravity  and 
centrifugal  force,  result  in  classified  zones  of  crushing 
pebbles  and  particles  to  be  crushed.  A  device  is 
thus  produci  <1  which,  while  revolving  with  the  same 
speed  in  revolutions  per  minute,  contains  a  multipli- 
city of  zones  with  gradually  changing  peripheral 
speeds. 

The  novelty  of  the  section  raises  the  question  as  to 
the  main  cause  of  the  sizing.  But  whatever  the 
ultimate  cause  may  he,  the  result  of  this  sizing  effect 
is  that  laige  pebbles  pound  on  large  particles  of  the 
material  to  he  crushed  with  high  momentum,  aird 
smaller  pe  bles  on  smaller  particles  with  a  less 
momentum.  Mr.  Hardinge  says  the  principle  of 
crushing  in  his  mill  is  to  use  a  nail-hammer  upon  a 
nail  and  a  tack-hammer  upon  a  tack,  i.e.,  to  adjust 
the  power  and  mechanism  to  the  work  desired.  This 
results  not  only  in  great  uniformity  of  the  ground. 
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product,  but   in   a  great    reduction   of    the    power 
required  for  grinding. 

Tlie  following  results  were  obtained  by  the  Cobalt 
Central  Mines  Co.,  at  Cobalt,  Out.,  in  a  series  of 
screen  tests  on  the  same  ore  (diabase  gangue)  extend- 
ing over  a  period  of  several  days.  They  show  the 
adaptability  of  the  Hardinge  mill  to  fine  and  coarse 
grinding  for  cyaniding  or  concentration. 

..ii  on         cm    %  on     %  on      %  on        on     tin- 

Mesh.  8.  It.         20         40.  en.  80.      100.     100. 

Heads  ...   167     451     6        139      68      44        3       7 

Tails      ..     —       —      4  8      9  8    22  8    22  3        9     39 

First  adjustment. 
Tails     ...     —  —       13      8       27"5    25    60 

Second  adjustment. 
Tails  ...  —  —  —  .  —  1-4  10  2  87 
Third  adjustment. 
The  average  capacity  was  above  2  tons  per  hour  ; 
the  power  required,  12  h.p.  to  15  h.p.  ;  charge  of 
pebbles,  2,000  lb.  ;  consumption  of  pebbles,  g  lb. 
ii  c.)  per  ton  of  oie. 

The  total  weight  of  a  conical  mill  (except  the  lin- 
ing), having  a  capacity  of  2  tons  to  4  tons  of  material 
per  hour,  is  8,500  lb.  and  the  tloor  space  occupied  is 
7  ft.  x  10  ft.  The  charge  of  pebbles  is  about  2,000  lb., 
and  the  power  required  for  operation  is  from  12  h.p. 
to  15  h.p.  These  mills  can  be  arranged  singly,  in 
series  or  in  tandem,  and  the  large  amount  of  aeration 
which  takes  place  during  the  crushing  suggests  pro- 
mising results  in  cyaniding'  ores  during  crushing, 
which,  if  attained,  will  greatly  simplify  present  mill- 
ing practice." — II.  W-  HARDINGE  — Electrochemical 
and  Metallurgical  Industry,  Jan.,  1909,  p.  47. 
(A.  McA.  J.) 


Thermal  Analysis  and  Intermetallic  Com- 
pounds.— "Of  the  various  methods  of  determining 
the  quality  of  metals  used  in  engineering,  the  process 
known  as  '  thermal  analysis'  as  introduced  by  Prof. 
Tamman  is  beginning  to  assume  an  important  phase. 
This  method  is  based  upon  an  examination  of  the 
rate  of  cooling  of  the  molten  metal,  each  metal  having 
apparently  its  own  characteristic  cooling  curve.  The 
tSaladin  double-mirror  galvanometer  is  an  instrument 
designed  to  record  the  manner  in  which  cooling  takes 
place  in  a  molten  metal,  and  is  beine-  shown  by 
Messrs.  Siemens  Brothers  &  Co.  (Limited),  of  Wool- 
wich. The  apparatus  consists  of  a  pair  of  standard 
pillar  galvanometers  mounted  on  the  same  hasc,  and 
so  arranged  that  their  mirrors  are  optically  connected 
by  means  of  a  prism.  This  prism  is  t lie  essential 
part  of  the  apparatus,  its  function  being  u>  convert 
the  horizontal  movement  of  the  beam  of  light  from 
the  mirror  of  one  galvanometer  into  a  vertical  move- 
ment on  the  second  mirror,  so  that  the  movement  of 
the  second  mirror  results  in  a  curvilinear  motion 
which  can  either  lie  directly  observed  or  recorded  at 
will  on  a  stationary  photographic  plate.  The  beam 
of  light  is  reflected  from  an  external  source  in  the 
usual  way,  and  on  passing  through  the  prism  from 
the  tirst  to  the  second  minor,  records  the  variation 
it  any,  in  the  fall  of  the  temperatures  under  test.  To 
use  the  instrument,  one  of  the  galvanometers  is  placed 
in  circuit  with  two  pyrometers  in  series.  The  first 
of  these  pyrometers  records  a  cooling  of  a  metal 
which  is  known  t<>  have  no  recalescence  points,  while 
the  second  pyrometer  records  the  cooling  of  the 
metal  under  test.  The  second  pyrometer  is  also 
connected  up  with  the  second  galvanometer,  l'.y 
this  arrangement  the  difference  in  temperature 
between  the  two  metals  is  recorded  from  instant  to 
instant,  and  the  photographed  curve  indicates  any 
changes  in  the  uniformity  of  the  rate  of  cooling  of 


the  metal  undergoing  analysis.  The  instrument  is 
of  particular  >alue  in  the  study  of  inter-metallic 
compounds,  the  analyses  of  which  are  based  upon  the 
assumption  that  heat  is  liberated  when  a  metallic 
compound  is  formed  in  a  cooling  metal.  In  such  a 
case  the  photographic  curve  rises  for  a  short  period 
and  then  resumes  the  declining  curve  normally 
associated  with  the  cooling  metal.  The  cooling 
curves  of  iron  and  steel  are  almost  invariably  of  this 
character,  and  already  sufficient  is  known  of  these 
cooling  and  combining  processes  to  enable  the  quality 
of  iron  to  be  determined  by  observing  the  nature  of 
the  recorded  curve.  Mr.  Saladin  is  employed  in  the 
steel  works  of  Messrs.  Sneider  &  Co.,  at  Creusot, 
France." — Times  Engineering  Supplement,  Feb.  3, 
1909.     (J.  A.  W.) 

Filtering  Gold  Slime.  —  "  In  small  cyanide 
plants  where  a  clean-up  press  is  not  provided,  the 
filtering  and  washing  of  the  "old  slime  after  acid 
treatment  of  zinc  is  generally  found  to  be  a  slow  and 
tedious  process,  but  the  following  arrangement  can 
be  very  cheaply  installed.  It  will  save  much  time  in 
the  clean-up,  and  is,  in  fact,  with  small  plants,  a 
good  substitu'e  for  a  filter-press.  The  whole  opera- 
tion of  washing  and  filtering  can  be  done  in  the  acid 
tub,  and  consists  -imply  of  applying  the  principle  of 
vacuum  filtration  to  the  clean-up.  The  appliances 
necessary  are  a  filter  frame,  a  vacuum  chamber  and 
a  vacuum  pump. 

The  frame  is  constructed  of  f  in.  piping,  screwed 
together  in  the  form  of  a  square,  with  a  T-piece  let 
into  one  of  the  sides,  to  which  pipe  and  hose  can  be 
fitted  ;  the  sides  of  the  pipes  towards  the  centre  have 
.}  in.  holes  drilled  every  0  in.  A  filter  cloth  to  fit  the 
frame  is  made  of  two  pieces  of  good  canvas  or  cotton 
duck,  between  which  are  two  layers  of  coarsely  woven 
cocoanut  matting.  The  four  layers  are  all  held  to- 
gether by  a  few  rows  of  stitchings,  about  3  in.  apart. 
The  cocoanut-raat  layers  are  made  so  as  to  tit  easily 
inside  the  frames,  the  duck  being  left  large  enough 
so  that  the  top  and  bottom  layers  can  overlap  the 
frame  on  opposite  sides  and  can  be  well  sewn  together 
all  round.  This  then  forms  an  efficient  cell  for  Alter- 
ing solution.  The  frame  is  made  of  such  size  as  to 
fit  the  bottom  of  the  acid  tub  with  about  2  in.  clear- 
ance all  round. 

The  vacuum  chamber  can  be  conveniently  made 
from  a  sulphuric  acid  drum,  fitted  with  pipe  connec- 
tions consisting  of  a  pipe  with  cock  to  vacuum  pump  ; 
a  pipe  with  cock  and  hose  to  filter  frame  :  a  cock  for 
running  out  clear  acid  solution:  this  should  be  placed 
6  in.  above  the  bottom  of  the  drum  :  a  cock  in  centre 
of  bottom  for  cleaning  out  drum.  The  pipe  connect- 
ing filter  frame  to  drum  is  carried  down  I  ft.  inside 
the  drum,  so  as  to  obviate  the  carrying  over  of  any 
of  the  acid  solution  to  the  vacuum  pump.  Drums 
with  convex  ends  should  be  chosen  as  they  can  be 
thoroughly  drained  when  cleaning  out. 

After  the  acid  treatment  is  finished,  the  tub  is 
filled  with  water,  and  the  contents  well  stirred,  then 
after  the  precipitate  has  settled,  the  clear  solution  is 
decanted  off.  The  remaining  gold  sludge  is  well 
stirred  and  the  frame  is  put  into  the  tub,  and  the 
cooks  to  the  vacuum  chamber  and  pump  arc  opened. 
The  frame  should  lie  horizontally  on  the  bottom  of 
the  tub  and  remain  there  until  all  the  liquid  is  drawn 
oil';   it  can  then  be  lifted  from  the  bottom  and  placed 

upright  against  the  side  of  the  tub  while  sufficient 

water  is  run  in  for  washing.  The  slime  adhering  to 
the  frame  is  scraped  oil',  and,  together  with  the  rest 
of  the  slime  in  the  bottom  of  the  tub,  is  thoroughly 
stirred  up  with  the  water.     The  frame  is  again  laid 
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horizontally  on  the  bottom  of  the  tub  and  the  vacuum 
cocks  are  opened  as  before.  One  washing  in  most 
cases  will  be  ample,  but  can  easily  be  repeated  if 
insufficient.  After  the  liquid  is  all  drawn  off,  the 
vacuum  is  maintained  for  a  time  so  as  to  air-dry  the 
slime  as  much  as  possible.  The  slime  is  then  collected 
from  the  frame  and  from  the  bottonuof  the  tub;  with 
careful  scraping  very  little  need  be  left  on  either. 
What  is  left  can,  however,  be  collected  by  washing 
and  sponging  the  tub  and  frame  with  about  half  a 
bucketful  of  water.  The  washings  cai\  then  either 
be  filtered  through  a  small  calico  filter,' or  use  may 
be  made  of  the  filter  frame,  by  laying  it  down  fiat 
and,  with  the  vacuum  on,  slowly  pouring  the  wash- 
ings upon  one  side  of  it  ;  when  dry  the  slime  is  care- 
fully scraped  ofi'.  If  the  filtering  is  slow  with  only 
one  frame,  there  is  no  reason  why  two  or  more  should 
not  be  used." — Eiler  JENSEN,  Journal  Chamber  <f 
Mims,  W.A. — Engineering  mul  Mining  Journal, 
May  1,  1909,  p.  902.     (W.  R.  D.) 

Electro-Chemical  Amalgamation.— "After  a 
cursory  examination  of  mining  periodicals  during  the 
last  two  years  I  have  been  struck  with  the  absence 
of  any  considerable  discussion  regarding  improved 
methods  of  gold  extraction  by  amalgamation.  So 
far  as  I  can  learn,  the  mill  plate  of  to-day  is  essenti- 
ally the  same  as  the  mill  plate  of  forty  years  ago.  I 
believe  in  a  very  few  cases  some  daring  souls  had  the 
temerity  to  lengthen  the  plates  beyond  the  ordinary, 
but  as  this  innovation  is  in  such  direct  conflict  with 
precedent  it  is  no  wonder  that  the  great  mass  of  mill 
men  refused  to  consider  it.  Many  of  the  mining- 
processes  of  to-day  seem  to  consist  in  doing  something 
that  somebody  else  has  done  ;  in  other  words,  instead 
of  originality  and  adaptation,  we  have  imitation. 

Yet  authorities  all  admit  that  the  mill  plate  of  to- 
day is  a  very  imperfect  device.  It  is  satisfactory 
only  in  a  few  cases  where  the  values  are  found  under 
the  most  favourable  conditions.  The  average  mill 
plate  is  losing  from  5%  to  25%  of  the  assay  value,  and 
there  are  many  free  gold  veins  that  cannot  be  worked 
by  ordinary  plate  amalgamation.  The  large  amount 
of  gold  that  exists  in  tailings  after  passing  plates 
calls  forth  a  host  of  supplementary  devices  for  the 
extraction  of  values  therefrom.  As  high  as 
$500,000-00  has  been  expended  in  one  auxiliary  plant 
to  treat  tailings,  and  there  are  millions  of  "dollars 
now  locked  up  in  tailings  dumps  that  have  been 
abandoned. 

These  considerations  have  for  years  caused  pro- 
gressive metallurgists  to  carefully  consider  the  whole 
question  of  gold  extraction  in  an  attempt  to  find  the 
better  way  which  must  always  exist.  Some  sixteen 
years  since,  Mr.  C.  G.  Warnford  Lock  read  a  paper 
on  amalgamation,  which  may  be  found  in  vol.  i. , 
p.  205,  '  Proceedings  of  London  Institution  of  Mining 
and  Metallurgy  '  ;  in  this  paper  Mr.  Lock  discusses 
the  various  methods  of  amalgamation  and  notes  their 
shortcomings.  He  then  proceeds  to  tell  in  the  follow- 
ing paragraph  what  he  considers  a  perfect  amalga- 
mation. '  The  ideal  amalgamator  should  provide  for 
a  constantly  clean  and  bright  mercurial  siuface, 
coupled  with  mechanical  means  for  forcing  each  gold 
particle  into  contact  with  that  surface.'  The  author 
then  described  a  machine  which,  he  considered,  met 
the  requirements  of  a  perfect  amalgamating  device. 
The  amalgamator  consisted  of  a  circular  pan,  40  in. 
in  diameter,  holding  270  lb.  of  mercury  ;  briefly,  a 
cylinder  of  slightly  less  diameter  projected  an  inch 
or  so  into  the  mercury  ;  a  much  smaller  cylinder  in 
the  centre  of  the  large  one,  also  projected  under  the 
mercury  ;  this  small  cylinder  contained  a  solution  of 


carbonate  of  soda,  into  which  projected  an  anode 
from  a  5  volt  15  ampere  generator,  the  negative  lead 
being  connected  with  the  mercury.  In  operation, 
pulpand  water  were  delivered  into  the  larger  cylinder, 
the  static  head  being  sufficient  to  force  the  gangue 
under  the  mercury,  after  which  it  Howed  over  the 
edge  of  the  pan.  The  electrical  current  passed  into 
the  soda  solution,  then  into  the  mercury,  and  then 
back  to  the  generator. 

As  the  current  passed  through  the  solution  some 
of  the  caibonate  of  soda  was  separated  into  carbonic 
acid  and  metallic  sodium  ;  hydrogen  was  also 
liberated.  Mr.  Lock  stated  that  the  sodium  and 
hydrogen  were  '  occluded '  and  spread  through  the 
whole  body  of  the  mercury.  On  coming  to  the  surface 
the  sodium  combined  with  the  oxygen  of  the  water  in 
the  pulp  and  liberated  nascent  hydrogen  in  consider- 
able quantities.  He  held  that  in  the  presence  of  nascent 
hydrogen,  mercury  cannot  'sicken,'  cannot  oxidise,  or 
become  sulphated.  It  appears  that  Mr.  Lock  was 
not  aware  that  mercury  under  ordinary  circumstances 
does  not  oxidise  ;  the  scum  or  slag  that  sometimes 
appears  on  mercury  is  composed  of  various  impurities 
and  the  oxide  of  foreign  minerals  contained  in  the 
mercury  oxides. 

But  to  resume.  Mr.  Lock  also  contended  that  the 
presence  of  hydrogen  acts  as  a  cleanser  on  particles 
of  gold  passing  over  the  mercurial  surface.  He  also 
added  that  free  sodium  tended  to  remove  impurities 
from  metallic  substances,  destroying  any  grease  or 
organic  substances  that  may  be  present  in  pulp  or 
water,  or  attached  to  the  particles  of  gold.  This 
machine  would  handle  15  tons  in  24  hours,  according 
to  Mr.  Lock,  and  he  stated  that  the  cost  of  passing 
pulp  over  the  device  was  6  cents  per  ton.  He  closed 
the  article  by  giving  several  cases  where  the  above- 
described  device  greatly  added  to  the  output  of  gold. 
In  one  case  2A  dwt.  of  gold  were  taken  from  the 
pyrites  containing  rusty  gold  that  yielded  nothing  to- 
other amalgamators  ;  in  another  case  the  output  was 
increased  62%  ;  in  another  case  the  yield  of  gold  was 
increased  ninefold.  In  the  Providence  mine  in 
Nevada  this  machine  took  out  1  dwt.  from  slimes  and 
tailings  assaying  1J  dwt.  per  ton,  after  passing  plates,, 
blankets,  and  vanners  ;  one  mine  having  ores  con- 
taining arsenic,  antimony,  and  sulphur,  yielding  30% 
of  assay  values,  gave  77%  with  the  amalgamator 
above  mentioned. 

Beyond  question,  the  amalgamator  described  will 
do  all  that  Mr.  Lock  claimed  for  it.  Why,  then,  it. 
maybe  asked,  is  it  not  in  general  use,  since  Mr.  Lock 
described  the  device  some  sixteen  years  ago  ?  It  is. 
quite  possible  in  protracted  use  that  the  mercury 
would  'Hour'  and  soon  pass  away  with  the  gangue, 
as  this  is  almost  invariably  the  case  when  pulp  is. 
forced  through  mercury.  Again,  the  capacity  of  the 
machine  is  small,  probably  not  more  than  S  or  10  tons 
daily,  in  actual  practice.  In  the  next  place  it  is  an 
electrochemical  device,  and  few  mill  men  or  superin- 
tendents understand  electro-chemics  ;  and  sixteen 
years  ago  few  mill  men  knew  much  about  electricity. 
If  the  machine  were  installed  someone  with  at  least 
an  elementary  knowledge  of  chemistry  and  electricity 
would  be  necessary  to  look  after  it.  Then  there  is 
the  fierce  opposition  to  all  mill  men  when  a  freak 
machine  is  in  question  ;  it  is  human  nature  to  resist 
change  of  any  kind.  The  mill  foreman  knows  how 
to  handle  plates  ;  he  does  not  know  anything  about 
'new-fangled  contraptions  '  ;  if  a  new  form  of  amal 
gamation  is  installed  he  might  lose  his  position,  as  a 
new  man  would  be  needed  to  run  it,  etc. 

Nearly  every  dredge  master,  mine  foreman,  mill 
superintendent,  etc.,   hugs  this  delusion  closely  to 
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his  breast — that  he  is  saving  99%  of  the  values  ;  and 
the  installation  of  any  kind  of  a  supplementary  gold- 
saving  machine  is  opposed,  diplomatically  or  other- 
wise, as  such  installation  would  be  an  admission  that 
present  methods  were  defective,  and  that  there  was 
something  yet  to  be  learned.  The  average  expert  is 
not  willing  to  admit  that  there  is  anything  in  his 
line  that  lie  does  not  know,  and  he  prides  himself  on 
knowing  just  a  little  more  than  the  other  fellow.  In 
many  cases  lie  considers  it  tieason  to  even  discuss 
the  subject  of  values  in  the  tails. 

But  to  resume  the  main  subject,  there  is  no  doubt 
that  the  above-described  machine  will  do  all  claimed 
for  it  by  Mr.  Lock.  Experimentation  in  electro- 
chemical amalgamation  has  been  continued  by  Cali- 
fornia)! investigators,  and  great  improvements  have 
been  made  in  the  art.  Mr.  Lock  would  hardly 
recognise  the  electrolytic  amalgamators  as  they  are 
now  constituted.  Not  only  have  they  been  greatly 
simplified,  the  cost  of  operation  reduced,  and  their 
capacity  increased  to  several  hundred  tons  daily,  but 
their  effectiveness  has  been  increased  to  such  a  point 
that  all  values  in  pulp  not  encased  are  quickly  amal- 
gamated, regardless  of  those  conditions  which  usually 
prevent  amalgamation  ;  platinum  in  placer  sands  is 
amalgamated  as  easily  as  gold. 

Several  forms  of  electrolytic  amalgamators  have 
been  constructed  or  planned,  but  the  simplest  device 
consists  of  the  usual  mill  plate  with  an  arrangement 
of  graphite  anodes,  a  few  inches  apart,  suspended 
about  f  in.  above  the  plate.  The  anodes  are  connected 
with  a  low  voltage  current,  and  the  plate  p>roper  is 
used  as  a  cathode.  More  water  is  used  than  in 
ordinary  amalgamation,  so  that  the  water  touches 
the  anodes  and  completes  the  circuit.  A  low  amper- 
age is  generally  sufficient.  In  some  types  of  machines 
no  free  meicury  is  used,  but  a  solution  of  bi-chloride 
of  mercury  in  suitable  quantity  to  supply  mercury 
according  to  values  in  pulp  is  fed  into  the  water 
supplying  the  device.  It  may  be  stated  here  that 
the  action  of  these  machines  is  entirely  different  from 
the  usual  mill  plate  amalgamation,  and  deductions 
drawn  from  the  ordinary  practice  will  not  apply  in 
the  electrochemical  process.  In  the  first  place, 
nascent  mercury  is  deposited  on  the  copper  plate  by 
the  usual  electroplating  action  ;  in  fact,  the  apparatus 
is  simply  an  electroplating  device  applied  to  a  mill 
plate.  The  mercury  is  plated  beautifully  over  the 
copper,  and  in  brightness  it  rivals  a  polished  mirror  ; 
the  larger  particles  of  gold  naturally  come  in  contact 
with  the  mercurial  coating;  the  microscopic  particles 
of  gold,  being  practically  in  solution,  are  coated  with 
mercury  while  passing  in  the  water,  and  the  electro- 
plating action  of  the  current  deposits  them  on  the 
copper  plate.  Nascent  mercury  has  a  powerful 
affinity  foi  gold,  so  that  amalgamation  is  effected 
even  when  pyritic,  rusty,  coated,  or  greasy  conditions 
are  present . 

The  deposition  of  nascent  mercury  and  the  forma- 
tion of  amalgam  are  simultaneous,  automatic,  and 
constant  ;  a  sodium  solution  can  be  also  used,  from 
which  the  electrical  energy  deposits  nascent  sodium  ; 
nascent  hydrogen  is  also  constantly  forming.  Sodium 
and  hydrogen  form  an  amalgam  with  mercury,  which 
has  a  powerful  affinity  for  all  metals,  and  the  free 
chlorine  and  hydrogen  destroy  any  grease  or  organic 
matter  that  may  be  attached  to  the  particles  of  gold. 
Platinum  is  readily  amalgamated  when  sodium 
amalgam  is  formed  If  necessary,  a  special  cleansing 
solution  can  he  used,  which  will  libeiate  larger 
quantities  of  nascent  hydrogen  and  chlorine. 

As  the  amalgam  is  fanned  by  the  electro-plating 
action  of  the  device,  it  adheres   very  tenaciously  to 


the  copper  plate  ;  large  volumes  of  water  have  no 
injurious  effects,  and  there  is  no  scouring  effect  from 
pulp  or  sand.  This  permits  of  an  increased  capacity 
with  all  the  water  that  may  be  necessary. 

It  is  the  contention  of  those  who  have  tested  the 
electrolytic  systems  that  with  fine  grinding  the 
values  in  the  tailings  will  fall  to  such  a  point  that  no 
supplementary  treatment  will  be  necessary ;  also 
that  the  immense  black  sand,  beach,  river,  and 
desert  deposits,  together  with  hydraulic,  placer,  and 
dredge  tailings,  and  all  low  grade  material  can  now 
be  profitably  worked,  as  the  electro-chemical  systems 
can  be  quickly  installed  at  trifling  cost." — Elmer 
Ellsworth  Carky.—  London  Minim/  Journal,  May 
15,  1909,  p.  617.     (A.  R.) 


The  Hardinge  Conical  Pebble  Mill.— 
"The  following  comparison  of  actual  results,  obtained 
by  crushing  equal  quantities  of  material  in  a  conical 
mill  and  in  an  ordinary  tube  mill,  is  of  interest. 
The  charge  for  the  conical  mill  was  of  4  mesh  size, 
while  that  for  the  tube  mill  had  already  been  crushed 
and  passed  through  a  25  mesh  screen.  A  0'25-in. 
gr.  contains  more  than  200  particles  of  2.5  mesh  siz^. 
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Method  of  Estimating  Weight  of  Gold  in  a 
Quartz  Sample. — "  The  weight  of  gold  in  a  quartz 
specimen  can  be  closely  approximated,  it  there  be  no 
admixture  of  pyrite  or  other  foreign  material,  by  a 
specific  gravity  method.     Let 

A = specific  gravity  of  the  gold. 

13  =  specific  gravity  of  the  quartz. 

C  =  specific  gravity  of  the  specimen, 

x  =  weight  of  the  gold. 

y  =  weight  of  the  quartz. 

W  =  weight  of  the  specimen. 

The      f+|=£ 

and         a  \    yB=WC 

If  now  the  values  for  the  specific  gravities  of  gdld 

1 19-25)  ami  quartz  (2"65)  he  substituted,  these  equa- 
tions reduce  to 


-&H) 


which  gives  in  a  simple  expression  the  weight  of  pure 

gold  in  the  specimen.  It  must  be  remembered  that 
the  specific  gravity  of  both  gold  and  quartz  may  be 
different  from  the  values  given,  owing  to  silver  alloy 
in  the  gold,  and  to  variations  in  the  density  of  the 
quartz,  so  they  should  be  determined  independently 
when  it  18  intended  to  accurately  estimate  tin'  quail- 
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tity  of  gold.  In  a  similar  way  the  ratio  between  the 
weights  of  two  minerals,  such  as  galena  and  sphale- 
rite, can  he  found,  when  they  contain  no  other  sub- 
stance intermixed." — Mining  and  Scientific  Press, 
March  6,  1909,  p.  345.     (K.  L.  G.) 

Concentration  of  Orks  by  \^et  Methods.— 
"The  discovery  by  Everson  in  1866,  that  metals  and 
metallic  substances  in  a  finely  divided  state  will  com- 
bine with  compounds  of  fats  or  oils  and  acids,  and 
that  divided  quartz  or  other  rocky  gangue  Mill  not 
combine  with  such  compounds,  resulted  in  a  concen- 
tration process  in  which  the  gangue  could  be 
separated  from  the  treated  pulverised  ore  by  washing  : 
and  since  that  time  methods  have  been  devised  for 
effecting  the  separation  by  mixing  and  washing  out 
with  oils  alone,  or  by  the  use  of  water  alone,  the 
object  being  to  entangle  the  metallic  particles  in  sur- 
f  ice  layers  of  oil  or  air,  so  that  they  shall  rise  to  the 
top  of  the  water  by  ordinary  dotation.  In  the  Murex 
process  the  sepaiation  is  effected  by  the  action  of 
a  selective  oily  substance,  with  which  is  incorporated 
magnetite  in  a  finely  divided  state.  This  mixture 
has  the  appearance  of  a  black  varnish,  but  it  is 
heavier  than  water,  and  when  added  in  a  small 
quantity  it  rapidly  forms  a  magnetisable  lilm  over 
the  metalliferous  particles  of  the  crushed  ore  in 
water,  whether  those  particles  were  previously  mag- 
netic or  whether  they  were  not.  A  magnet  dipped 
into  the  water  attracts  the  treated  metalliferous 
particles  at  the  bottom  of  the  containing  vessel  of 
water  to  the  rejection  of  the  gangue.  Flotation 
is  thus  replaced  by  magnetic  separation  ;  and  the 
surface  tension  at  the  free  surface,  which  is  made  use 
■of  in  dotation  processes,  is  here  replaced  by  magnetic 
forces.  To  render  the  process  continuous,  the  crushed 
ore,  after  agitation  with  the  selective  substance, 
in  practice,  is  fed  forward  on  a  sloping  table  by  a 
current  of  water,  until  it  reaches  the  pole-face  of 
a  vertical  magnet.  An  endless  belt  traverses  the 
pole-face,  preventing  direct  contact  between  the 
magnetised  particles  and  the  magnet,  and  carrying 
them  beyond  the  field  where  they  drop  off,  or  are 
washed  off,  the  belt." — Times  Engineering  Supple- 
ment, May  26,  1909.     (J.  A.  W.) 


Saving  Fine  Gold  by  Adhesion.— "  There  is 
perhaps  no  line  of  metallurgical  work  which  has 
called  out  more  effort  in  the  improvement  of  methods 
than  that  of  recovering  flour  or  flake  gold.  In  most 
•cases  it  has  been  along  the  line  of  amalgamators, 
riffles,  or  the  mechanical  submersion  of  the  containing 
sand  in  baths  of  mercury.  The  old  copper  plate  has 
always  held  its  place,  and,  although  many  devices 
have  been  brought  out  which  promised  a  higher 
recovery,  none  has  been  able  to  supplant  it  in  the 
general  operation  of  gold  milling.  One  of  the  great 
objections  to  the  ordinary  copper  plate  has  heen  the 
loss  of  quicksilver  resulting  from  scouring  and  foul- 
ing, for,  while  the  mercury  has  a  very  decided  affinity 
for  copper,  the  attachment  which  has  no  side  support 
is  so  delicate  that  it  takes  but  little  to  disturb  and 
detach  it.  The  great  advantages  of  copper  plates 
are  the  ease  with  which  they  are  kept  in  condition 
when  once  working  normally,  anil  also  the  fact  that 
they  are  always  open  to  close  observation,  and 
attention,  in  order  to  keep  them  in  condition. 

A  new  line  of  experiments  (says  Mining  Science), 
has  been  recently  taken  up  by  J.  D.  Luttrell,  of 
Benton  Harbour,  Mich.  (U.S.A.),  based  on  the  idea 
of  securing  some  medium  or  material  which  would 
more  securely  retain  the  mercury,  and  that,  in  such 
-a  form  as  not  to  entirely  envelop  the  gold  particle, 


but  still  hold  it  securely  until  it  may  be  released  as 
an  individual  particle  and  not  as  amalgam.  Follow- 
ing this  idea,  he  has  produced  a  compound  incorporat- 
ing disseminated  particles  of  mercury  which  are  in- 
dependent of  one  another.  This  compound,  when 
made,  is  plastic,  and  can  be  used  as  a  coating  either 
on  a  plate,  flat  surface,  or  on  the  inner  surface  of  a 
cylinder.  On  standing,  the  material  hardens  to  any 
desired  degree  of  density,  according  to  the  proportion 
of  the  ingredients,  and  as  the  mercury  is  evenly  dis- 
tributed through  it.  there  are  thousands  of  particles 
presenting  bright  faces  at  the  surface,  as  attaching 
points  for  the  gold.  In  that  the  materials  of  the 
compound,  the  nature  of  which  has  not  been  disclosed 
to  the  public,  have  a  very  high  affinity  for  the 
mercury,  it  is  quite  difficult,  if  not  impossible,  to 
break  them  loose  from  their  seating,  as  they  are 
supported  on  all  sides,  thus  reducing  loss  to  a  mini- 
mum. The  surface  of  the  compound,  when  ready  for 
operation,  has  the  texture  and  '  feel '  of  a  moderately 
rough  cement  surface,  and  is  in  a  most  admirable 
condition  for  deterring  the  rapid  passage  of  pulp  over 
it.  This  roughness  tends  to  roll  the  particles  and 
keep  them  constantly  climbing  over  obstacles.  It 
has  been  demonstrated  that  when  particles  of  gold 
become  attached  to  the  mercury  paT tides  they  can  be 
readily  brushed  off  from  the  surface  by  passing  a  tuft 
of  cotton  baiting  over  it,  and  the  gold  is  recovered  as 
dust.  Based  on  this  fact,  the  inventor  proposes  to 
use  a  large  cylinder  having  a  coating  of  the  compound 
on  the  inside,  as  probably  the  best  form  of  machine. 
This  will  be  mounted  on  a  slight  pitch,  similar  to  a 
trommel,  and  the  sand,  which  will  be  fed  at  the 
upper  end,  will  be  gradually  progressed  to  the  lower 
end  by  the  revolving  of  the  cylinder.  In  this  way 
every  particle  mil  be  brought  in  contact  with  the 
surface.  A  brush  of  cotton,  or  similar  material,  is 
placed  so  as  to  be  in  contact  with  the  surface  at  the 
highest  point,  and  act  as  a  detacher  of  the  gold 
particles.  This  brush  can  then  he  burned  and  the 
gold  recovered  from  it. 

In  a  small  demonstration,  all  the  points  mentioned 
above  Mere  clearly  demonstrated,  and  the  very  finest 
of  scale  or  flaked  particles  were  seen  to  attach  them- 
selves to  the  mercury,  but  retained  their  individuality. 
A  tuft  of  cotton  then  passed  over  the  surface,  cleaned 
it  entirely,  and  entangled  the  gold  completely  in  the 
fibre.  A  pan  which  Mas  coated  inside  with  the  com- 
pound, entirely  freed  the  sand  of  all  the  gold  par- 
ticles which  Mere  readily  seen  firmly  held  by  the 
mercury,  and  the  same  results  M'ere  obtained  with 
dry  or  Met  pulp.  Water  did  not  affect  the  action, 
appearance  or  condition  of  the  surface  further  than 
to  brighten  the  mercury  particles,  nor  Mas  there  any 
change  after  hours  of  immersion.  One  feature  of  the 
method  is  the  ease  of  renewal.  If  from  any  cause  or 
accident  any  portion  of  the  surface  is  injured,  all 
that  is  necessary,  in  the  way  of  repairs,  is  to  apply  a 
new  coating  of  the  compound,  either  to  fill  the  Break, 
or  to  cover  the  entire  surface,  if  necessary,  at  but 
slight  expense,  and  the  apparatus  ia  as  good  as  ever. 

The  machines  are  designed  to  meet  all  requirements 
in  the  May  of  capacity,  from  1,000  to  5,000  cub.  yd. 
per  day,  and  are  made  in  such  manner  as  to  allow  of 
transportation  over  the  most  difficult  trails  or  roads." 
—Austral  inn  Mining  Standard,  May  19,  1909, 
p.  530.     (A.  K.) 


New  Nickel-Copper  Alloy.—"  Monel  metal 
consists  primarily  of  nickel  and  copper  in  the  propor- 
tion of  three  parts  of  nickel  to  one  part  of  copper, 
this   being   the   natural   proportion   in   which  these 
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metals  exist  in  the  largest  deposits  of  nickel  ore  in 
the  Sudbury  district  of  Canada.  Throughout  its 
entire  manufacture  this  alloy  acts  as  a  single  metal, 
and  while  the  proof  is  still  incomplete,  evidence 
seems  to  show  that  in  these  proportions  nickel  and 
copper  have  a  remarkable  affinity  for  each  other. 

Like  steel,  this  alloy  absorbs  carbon,  and,  like 
steel,  its  physical  properties  are  profoundly  influenced 
not  only  by  the  percentages  of  carbon,  silicon,  etc., 
but  by  the  heat  treatment  it  receives.  A  standard 
analysis  of  Monel  metal  is  as  follows  : — Nickel,  68 
to  72%  ;  iron,  0*5  to  1'5%  :  sulphur,  0014%  ;  carbon, 
0  073  to  0T5%  ;  copper  to  balance. 

This  alloy  is  silver-white  and  takes  a  brilliant 
finish,  which  it  retains  indefinitely.  On  prolonged 
exposure  the  surface  assumes  a  greyish  cast,  which 
may  be  easily  removed  with  a  polishing  cloth.  In  the 
rolled  sheets,  the  surface  assumes  on  heating  a  coat- 
ing of  oxide  which  has  great  resistance  to  acids. 
Samples  of  the  rolled  metal  showed  no  loss  in  56  days' 
test  in  pumping  40  sulphuric  acid.  A  special  pickle 
has  to  be  used  to  remove  the  oxide  coat  for  articles 
destined  to  be  polished,  but  for  purposes  where  resist- 
ance to  acid  is  required,  the  oxide  coating  is  allowed 
to  remain. 

Monel  metal  melts  at  1,350°  C.  It  can  be  rolled 
perfectly  from  900°  to  1,200°  C,  and  its  annealing 
temperature  is  above  875°  C.  It  can  be  finished  hard 
or  soft,  like  sheet  copper.  Its  specific  gravity,  as 
cast,  is  from  8\S6  to  8-N7,  and  when  rolled  from  8"94 
to  8-95. 

We  have  here  a  metal  possessing  about  2.3%  greater 
tensile  strength  and  50%  greater  elastic  limit  than  the 
best  rolled  steel,  with  the  additional  quality  of  in- 
corrodibility. The  mechanical  possibilities  open  to 
such  an  alloy  are  endless. 

During  the  last  year  some  300,000  sip  ft.  of  M 1 

metal  sheets  were  used  to  roof  the  Pennsylvania 
terminal  station  in  New  York  City.  The  manufac- 
turers, who  have  tested  this  material  for  roofing, 
state  that  they  find  it  as  easily  worked  as  copper. 
The  sheets  are  silvery-white,  exceedingly  flexible  and 
malleable,  and  are  handled  in  exactly  the  same  way 
as  sheet  copper. 

The  rolled  metal  has  been  drawn  into  wire  of  all 
sizes  down  to  0  004  in.  This  latter  is  as  soft  and 
pliable  as  a  silk  thread.  In  the  form  of  wire  exhaus- 
tive tests  have  heen  made  of  1 1 1 « -  metal  for  purposes 
where  its  incorrodibility  makes  it  especially  effective. 
In  small  articles,  Mich  as  tacks,  bolts,  screws,  angle 
brace*,  and  such  stamped  work  as  door  and  window 
trimmings,  hinges,  gas  and  electric  fittings,  and  other 
small  articles,  ii  is  said  to  be  rapidly  finding  it-  way 
into  the  market. 

What  is  claimed  to  be  one  of  the  most  satisfactory 
uses  of  Monel  metal  is  in  seamless  tubes  for  con- 
densers and  boilets  for  automobiles  and  motor  boats. 
The  metal  draws  perfectly  into  a  smooth  tube,  and 
its  high  elastic  limit  and  tensile  strength,  combined 
with  its  incorrodibility,  are  of  especial  value  in  light 
machinery.  The  largest  casting  so  far  made  was  a 
solid  hub  and  pimeller  for  a  steamer.  This  casting 
was  '.)  It.  (i  in.  in  diameter  and  weighed  6,500  lb.  It 
has  given  pel  feet  satisfaction.     Larger  castings  can 

be   made,  and   as   the  material  is  much  stronger  than 

manganese  bronze  or  Tobin  bronze,  it  is  eminently 
suitable  for  any  purpose  to  which  these  have  hereto 
fore  been  applied." — D avid  H.  Browne,  Electro- 
chemical and  Metallurgical  Industry.— Iron  and  Coal 
Trades  Review,  March,  1909,  p.  418.     (A.  R.) 


Electrolytic   Precipitation. — "  This   method 

of  recovering   metals    from    cyanide    solutions    was 


proposed  early  in  the  history  of  gold  cyaniding  in 
Africa.  Solutions  from  ores  containing  Aoz.  gold  per 
ton  will  contain  about  21  dwt.  per  ton  where  4  tons 
of  solution  are  treated  for  every  ton  of  ore  crushed. 
This  ratio  of  solution  to  ore  is  not  an  average,  since 
Merrill  precipitates  from  only  06  tons  of  solution  per 
ton  of  slime  treated,  while  at  places  in  Nevada,  with 
very  high-grade  ores,  the  ratio  is  eight  to  one.  Taking 
the  ratio  of  four  to  one  as  a  basis  for  calculation,  the 
lowest-grade  solution  may  carry  025  dwt.  per  ton, 
and  the  precipitation  from  this  grade  is  quite  as 
important  as  the  treatment  of  the  higher  grade 
solutions. 

Recently  Mr.  Lay  has  given  results  of  his  tests  and 
daily  working  results  on  precipitation,  and  places  the 
ratio  for  practically  complete  precipitation  of  clear, 
gold  solutions  at  0  03  amp.  per  sq.  ft.  of  cathode 
surface.  The  quantity  of  metal  in  such  solutions  is 
so  small  that  the  area  of  the  cathode  is  by  far  the 
most  important  factor  of  the  precipitation.  He 
estimates  the  required  cathode  area  as  1,750  sq.  ft. 
per  ton  of  solution  per  hour,  and  is  using  thin,  lead- 
foil  cathodes  which  remain  in  the  boxes  a  month 
before  being  melted  and  cupelled. 

The  usual  ratio  of  solution  to  ore  in  silver  cyaniding 
is  from  4  to  6  tons  solution  to  a  ton  of  ore.  Then 
with  an  ore  worth  $6  per  ton,  such  solutions  would 
contain  about  2\  oz.  per  ton,  or  40  times  the  weight 
of  metal  in  gold  solutions  of  the  same  value.  It  will 
be  seen  at  once  that  the  problem  of  electrolytic  pre- 
cipitation in  dealing  with  solutions  from  ores  contain- 
ing from  500  gin.  to  1,000  gm.  of  silver  per  ton  is 
much  easier  to  solve,  and  is  altogether  different.  By 
comparison,  the  solutions  dealt  with  in  this  last  case 
resemble  the  electroplater's  bath. 

The  managers  and  foremen  of  the  plants  operated 
by  Charles  Butters  &  Co.,  Ltd.,  have  improved  on 
electrolytic  precipitation  until  they  are  are  now  get- 
ting good  results.  Their  object  has  always  been  to 
secure  as  complete  a  precipitation  as  is  consistent 
with  reasonable  lirst  cost  and  maintenance  expense. 
Ordinary  tinned  iron  plates  are  used  as  cathode-  and 
peroxidised  lead  plates  as  anodes.  Acheson  graphite 
will  probably  replace  lead  anodes  finally,  since  the 
latter  are  expensive  and  short-lived.  A  current 
density  of  0"50  amp.  is  employed,  which  is  sixteen 
times  the  density  recommended  by  Mr.  Lay.  This 
heavy  current  deposits  the  metal  loosely  on  the  cat- 
li  >des  whence  it  is  rubbed,  and  dropped  to  the  bottom 
of  the  boxes. 

The  variable  conditions  of  the  boxes  used  by  Mr. 
Hamilton  at  Minas  Prietas  in  makiog  his  tests  were: 
current  density,  rate  of  flow  of  solution,  besides  the 
constant  slight  fluctuations  of  alkali,  cyanide  and 
metal  contents  of  the  solution.  The  number  of  and 
distance  separating  the  anodes  remained  constant. 
The  accompanying  table  shows  the  conditions  and 
results  of  the  experiments  made  with  solutions  carry - 

Klect roly tic  Precipitation  at   Minas  Prietas. 


Tons  Solution 

Passed  Through 
Boxes  per  _i 

Hours 

i  lathodi    \i  e  i 
of  Box,  sq.  ft. 

I  lui  t'  Nl   1  '.-li-ll  i 

amp. 

Percentage 
r,  ■  cipit  at*  d. 

120 
240 
120 
240 

3,500 
3,500 
3,500 
3,500 

0  3 
0-7 

IIS 
(1  s 

90  0 

S|ll 

ss-o 
8 1  -5 

ing    l"625   OZ.  gold    and   silver.      With   solutions  con. 

taming  more  metal,  the  box  will  have  greater  capa. 

city  for   the  same  per  cent,   precipitation.      Kxperi. 


30 


The  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa. 


July  1909 


mentis  prove  that  with  constant  rate  of  How  of 
solution  and  current,  the  residue  remains  nearly  the 
same,  with  varying-  grades  of  solution.  Doubling 
cathode  area  increases  percentage  of  precipitation 
more  than  does  doubling  current  strength,  but  it 
also  doubles  attendance  and  first  cost  of  plant. 

My  object  in  writing  this  is  to  urge  that  a  judicious 
combination  of  electrolytic  and  z"inc  precipitation 
will  have  an  advantage  over  either  alone.  At  one 
plant  with  which  I  am  familiar,  80  tons  of  50  oz. 
silver  ore  will  be  treated  daily,  producing  approxi- 
mately 4,000  oz.  of  metal.  At  the  lowest  figure  for 
zinc  consumption  this  would  require  270  lb.  of  zinc 
shavings  per  day.  With  an  electrolytic  plant  preci- 
pitating 85%  of  the  metal  the  zinc  consumption  will 
be  reduced  to  40  lb.  with  a  very  slight  charge  for 
power.  In  any  case,  the  power  cost  is  low.  In  this 
particular  plant  the  labour  required  will  be  that  of 
one  man  having  extra  help  only  at  clean-up,  who 
will  attend  to  precipitation  during  the  month.  Then, 
too,  in  a  closed-circuit  plant,  that  is,  one  milling  in 
solution  and  filtering,  perfect  precipitation  is  not 
required,  since  no  loss  is  sustained  if  solution  which 
is  pumped  to  the  battery  supply  contains  more  or 
less  metal.  Also  in  this  class  of  plant  the  tonnage 
■of  solution  to  be  precipitated  is  less,  particularly 
where  the  entire  tonnage  is  agitated. 

The  one  advantage  of  purifying  the  solutions,  which 
become  so  foul  in  treating  the  average  silver-sulphide 
ore,  warrants  the  use  of  a  high-duty  electrolytic- 
precipitation  plant.  Further,  a  recovery  or  regenera- 
tion of  as  much  as  h  lb.  of  cyanide  per  ton  of  ore 
treated  has  been  observed.  The  product  of  the 
electrolytic  boxes,  when  compared  to  zinc  precipitate, 
is  of  lower  grade,  if  copper  or  other  base  metal  is  in 
solution,  and  is  of  higher  grade  with  clean  ores  and 
rich  solutions.  Such  zinc  as  remains  in  solution 
after  passing  through  the  batteries,  concentrators, 
and  treatment  plant  is  found  in  the  electrolytic  pre- 
cipitate, but  is  of  negligible  quantity." — Mark  R. 
Lamb. — Engineering  and  Minimi  Journal,  April  3, 
1909,  p.  705.     (A.  It) 


MINING. 

Strains  on  Winding  Ropes.—"  Acceleration  and 
retardation  strains  on  winding-ropes  were  factors 
requiring  very  careful  consideration,  and,  where  the 
engine  powers  and  speeds  were  very  high,  the  danger 
might  soon  become  a  very  serious  one.  Although 
the  special  arrangements  for  helping  the  acceleration 
and  increasing  natural  retardation  by  the  form  of 
drum  adopted  might  be  very  useful  in  regular  work, 
he  considered  that  their  practical  disadvantages,  in 
adjustments  or  emergency  working,  often  over- 
balanced their  theoretical  advantages  ;  and,  for  his 
own  part,  he  preferred  the  practically  parallel  drum 
with  balance-rope  arrangement,  especially  if  the 
latter  were  so  arranged  as  to  overbalance  some  10% 
to  20%. 

What  surprised  him  was  that  the  idea  that  winding 
engines  should  have  steam  admitted  for  practically 
the  full  stroke  was  still  so  prevalent  with  both 
engine-builders  and  colliery  engineers,  when  the 
results  of  such  a  practice  had  so  often  been  shown  to 
be  both  wasteful  and  inefficient ;  but  a  better  mo  le  of 
working  was  being  surely,  even  if  slowly,  developed, 
and  with  the  increasing  depth  of  mines  the  problem 
would  have  to  be  fully  considered,  if  successful  work 
was  to  follow.  Compression  in  the  cylinder  was  not 
a  loss  of  power,  although  it  slightly  reduced  the  use- 
ful effect  ;  but  it  was  necessary  for  good  working 
with  all  engines  running  at  moderate  or  quick  speeds 


Clearance  spaces  were  considered  byT  many  to  be  a 
total  waste,  but  that  was  not  the  case  except  where 
no  compression  took  place,  and,  with  non-con  lensing 
engines  working  under  good  conditions,  the  loss  was 
very  considerably  neutralised,  although  that  was  no 
reason  for  making  them  larger  than  was  actually 
necessary  for  proper  design." — B.  Woodworth. — 
Transactions  of  the  Institution  of  Mining  Engineers, 
vol.  xxxvii.,  put  1      (A.  R  ) 

Shrinkage  Stoping  in  Western  Aistkalia.— 
"  At  the  meeting  of  the  Institution  of  Mining  and 
Metallurgy  held  recently,  a  paper  by  Mr.  F.  Percy 
Rolfe  described  the  method  of  stoping,  called  '  shrink- 
age '  stoping,  used  at  the  Lake  View  Consols  Gold 
Mine.  This  system  consists  in  allowing  the  ore 
broken  in  a  stope  to  lie  there  and  accumulate,  thus 
acting  as  filling  material.  On  account  of  ore  in  the 
broken  condition  occupying,  approximately,  50% 
more  space  than  when  in  situ,  it  is  necessary  to  draw 
off  about  one-third  of  the  ore  stoped  so  that  the  level 
of  the  broken  rock  shall  always  be  at  a  workable  dis- 
tance from  the  back  of  the  stope.  After  the  whole 
block  has  been  worked  out,  the  mass  of  broken  ore 
is  completely  withdrawn,  and  the  resulting  empty 
stope  is  either  abandoned  or  filled  up  wiih  mill 
residues  or  waste  rock.  It  goes  without  saying  that 
these  depleted  workings  are  simply  abandoned  in  the 
Lake  View  Consols.  In  starting  to  work  a  block  of 
ore  on  the  '  shrinkage'  system  it  is  usual  to  take  off 
a  first,  or  'leading'  stope  of  about  12  ft.  in  height. 
In  order  that  the  rock  drill  shall  have  access  to  all 
parts  of  this  high  face  it  is  necessary  to  effect  two 
horizontal  riggings  of  the  machine  1  ar,  the  latter 
position  vertically  below  the  former.  A  leading 
stope  of  this  size  thus  gives  amide  room  for  putting 
in  the  timbers,  which  are  placed  higher  than  is  the 
general  custom  on  account  of  the  space  demanded 
underneath  by  the  '  chinaman '  chutes.  Two  stylse 
of  timbering  have  been  employed  to  support  shrink- 
age stopes  on  the  Lake  View,  viz.,  '  saddleback  '  and 
the  ordinary  single  stall.  There  is,  however,  only 
one  instance  of  the  former  variety,  it  having  been 
entirely  superseded  by  the  more  economical  stull- 
timbering.  The  '  saddleback  '  is  made  use  of  in  a 
big  ore-body,  where  the  drive  is  stripped  to  the  full 
width  of  the  lode,  meaning  that  the  level  is  thus  too 
wide  to  be  spanned  with  a  single  stull.  This  kind 
of  timbering  may  be  described  as  analogous  to  the 
construction  of  the  ordinary  house  roof,  in  which  the 
rafters  correspond  to  the  timbers  of  the  '  saddleback.' " 
Tin  Science  and  Art  of  Minimi,  March  6,  1909, 
p.  337.     (A.  R.) 

Deep  Mixing.—"  There  is  not  so  much  fear  of  a 
vein  or  its  values  playing  out  in  depth  as  of  the  lodes 
passing  out  of  the  property"  into  another  man's 
ground.  Increase  in  heat  is  not  an  obstruction  in 
going  to  great  depths.  The  increase  has  been  in  the 
past  somewhat  overrated,  except  in  such  mines  as  the 
Comstock,  which  is  following  down  a  retreating 
geyser.  In  the  Mysore  mine  of  Kolar,  India, 
4,000  ft.  deep,  the  increase  is  said  to  be  only  1°  to 
every  1,000  ft.  Several  of  the  Rand  mines  are  work- 
ing at  depths  of  4,000  ft.,  and  it  is  proposed  to  go 
even  to  5,000  ft.  To  go  to  great  depths  in  a  mine 
does  not  involve  a  consideration  of  increasing  heat, 
but  matters  of  ventilation  anil  hauling,  which,  with 
modern  appliances,  are  not  very  serious  difficulties." 
-Mining  Science,  April  8,  1909,  p.  272.     (A.  R.) 

Gold  in  Reefs.—"  Let  us  take  up  the  history  of 
a  lode  of  gold  at  the  moment  when,  after  its  original 
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deposit,  its  highest  part  is  for  the  first  time  brought 
by  the  progress  of  erosion  into  contact  with  the 
superficial  stream  of  water.  The  property  of  such 
streams,  which  are  constantly  recharged  by  their 
very  circulation  with  oxygen,  carbonic  acid  and  other 
mineral  principles  common  to  surface  waters,  such  as 
traces  of  chlorides,  nitrates,  etc.,  is  to  exert,  an 
oxidizing  and  dissolvent  action  upon  the  sulphuretted 
ores.  Applied  to  auriferous  pyrite  this  reaction 
produces  sulphate  of  iron  and  soluble  gold  salts. 
The  sulphate  of  iron  in  the  topmost  parts  of  the 
deposit  is  immediately  precipitated  under  an  oxidized 
form  and  constitutes  what  is  called  the  ferruginous 
'cap'  of  the  lodes.  The  dissolved  gold  may  be 
partially  drawn  out  and  lost  (thus  going  to  enrich  the 
placers,  of  which  I  shall  speak  further  on)  ;  but  a 
large  part  descends  with  the  waters  along  the  lode 
and  is  precipitated  on  its  deepest  parts,  enriching 
them  under  the  form  of  free  or  native  gold  deposited 
in  all  their  fissures.* 

Let  us  now  imagine  such  a  reaction  continuing 
during  entire  geological  periods  upon  deeper  and 
deeper  parts  of  the  lode,  which  are  successively 
brought  to  light  by  the  progress  of  erosion. t  It  is 
easy  to  conceive  how,  besides  a  portion  of  the  gold 
drawn  chemically  or  mechanically  away  and  destined 
to  form  alluvia,  growing  ([iiantities  of  gold  have  been 
accumulated  in  the  remaining  altered  region, 
especially  in  its  lowest  part,  near  the  hydrostatic 
level,  where  the  reprecipitation  chiefly  occurs.  The 
conclusion  is,  therefore,  that  an  altered  deposit 
presents  when  completely  filled,  going  from  top  to 
bottom  :  (1)  a  cap  of  hydrated  sesquioxide  of  iron 
often  rich  in  native  gold  ;  this  is  called  the  region  of 
peroxidation  ;  after  which  comes  (2)  what  is  called 
the  region  of  cementation,  or  of  '  bonanzas,'  that  is 
to  say,  exceptional  productivity,  in  the  language  of 
American  miners.  There  with  a  residue  of.  untouched 
sulphides,  ores  of  native  gold  exist  which  may  be 
very  rich  locally,  following  the  chimneys,  or 'shoots,' 
along  which  the  circulation  of  water  elderly  went, 
but  which  are  always  very  irregular  and  certain  to 
disappear  at  some  depth.  Finally  (3)  when  we 
penetrate  sufficiently  deep,  we  almost  always  find 
the  original  pyritous  type,  in  which  the  gold  is  in  a 
state  of  mixture  or  more  or  less  complex  combination 
with  various  metallic  sulphide*,  and  which  keeps  the 
same  aspect  to  the  end  of  the  deposit. 

It  is  the  enriched  ores  of  the  two  first  regions,  but 
chiefly  the  region  of  cementation,  which  furnish  the 
beautiful  fragments  of  milky-white  quartz  through 
which  gold  seems  to  ooze  or  grow  like  a  plant  out  of 
all  the  fissures,  and  which  the  English  compare  to  a 
4  jeweller's  shop.'  Most  extraordinary  proportions  of 
gold  may  be  found,  up  to  blocks  of  native  gold  ;  but 
this  is  not  a  type  of  deposit  on  which  we  can  count 
for  the  future,  and  as  it  is  a  superficial  class  of  ores, 
without  deep-seated  continuation  and  easy  to 
recognise,  the  deposits  of  this  kind  decrease  every 
day  in  importance,  and  are  doomed  in  a  not  far  off 
period  to  disappear  completely.  Despite  the  fascina- 
tion which  they  exercise,  it  is  not  these,  but  the  poor 
and  regular  ores  of  the  deeper  strata  which  give  the 
large  returns.     Roughly  speaking,  the  lower  limit  of 

*The  dissolution  of  gold  is,  contrary  to  the  general  idea,  a 
very  ordinary  phenomenon,  and  examples  are  known  (Taupn  in 
New  Zealand  and  Steamboat  Springs  in  California)  oi  hot 
springs  depositing  gold  and  silica  in  the  neighbourhood  of  the 

surface. 

fFaults  play  a  very  important  part  in  these  introductions 

of  superficial   waters.     On   ill lasion   of  a   recent    work,  La 

SCetallogenie  Italienne  (The  Geological  Congress  of  Mexico),  1 
analysed  several  Cases  of  tin's  kind.  We  must  take  account 
also  of  ascendi  ng  or  thermal  springs. 


these  'bonanzas'  would  seem  to  beat  the  hydrostatic 
level,  which  may  be  complex  and  compatible  with 
the  reappearance  of  oxidized  parts  below  unaltered 
parts*  ;  but,  as  the  American  geologists,  Mr.  Weed, 
Mr.  Emmons,  etc.,  have  shown  by  numerous  and 
interesting  observations  the  reprecipitation  of  gold, 
the  cementation,  and  therefore  the  bonanza,  can 
descend  far  below  the  hydrostatic  level,  so  long  as 
the  circulation  of  water  is  continued  there.  These 
geologists  have  also  demonstrated  that  other  metallic 
sulphides,  galena  for  example,  could  not  have  taken 
the  place  of  pyrite  for  the  reprecipitation  of  gold,  so 
that  in  deposits  of  galena  without  pyrite  there  is  no 
bonanza. 

Most  mines  have  seen  this  phase  of  superficial 
enrichment  in  a  more  or  less  marked  form,  according 
as  the  alteration  of  the  pyrite  has  been  more  or  less 
complete.  On  the  Rand  the  miners  began  by  finding 
disaggregated  conglomerates  at  a  depth  of  forty-five 
to  sixty  feet,  the  pebbles  of  which,  fixed  in  their  beds, 
were  often  covered  with  an  auriferous  coating.  High 
proportions  of  gold  were  then  obtained  which  have 
disappeared  very  rapidly,  and,  if  at  the  pyschological 
moment  the  process  of  cyaniding  had  not  been 
discovered,  which  has  been  applied  with  marvellous 
success  to  the  deep-seated  pyritous  ores,  the  industry 
of  the  Transvaal,  on  the  disappearance  of  the  ores, 
of  native  gold,  might  have  undergone  a  grave  crisis. 
In  the  famous  Californian  lodes,  at  depths  of  120  to 
180  feet,  proportions  of  free  gold  have  been  found  in 
the  'iron  cap'  which  have  frequently  veached  4  to  5 
ozs.  Lower  down  the  proportion  fell,  and  quartz 
with  auriferous  pyrites  and  sulphides  of  all  kinds  was 
found  ;  the  proportion  of  gold  in  the  ores  fell  to  225 
to  300  grains,  while  the  proportion  of  gold  in 
mechanically  prepared  sulphides  was  from  3J  to  4$ 
ozs.  Finally  in  Australia,  in  the  equally  celebrated 
Mount  Morgan  (Victoria),  altered  and  irregular  ores, 
with  silicifie  1  peroxide  of  iron  were  found  as  far  as 
270  feet  down  ;  the  proportion  of  gold  increased  from 
the  surface  towards  the  region  of  cementation  where 
it  reached  3J  ozs.  ;  lower  down,  quartz  with  auriferous 
pyrite  was  found,  the  proportion  of  gold  in  which 
soon  descended  to  1  oz.  and  lower." — L.  Di".  LAUNAY 
(1908),  p.  57  et  sea.— The  World's  Gold,  June  21,  1909. 
(W.  A.  C.) 

"Valuation  of  Mining  Areas  on  the  Rand.— 

"  During  recent  years  it  has  become  the  practice  on 
the  Hand,  when  forming  new  mining  companies,  to 
include  a  much  larger  area  of  ground  than  was  the 
custom  formerly,  while  several  mines  already  formed 
into  companies  have  secured  larger  areas  by 
amalgamation  with  neighbouring  properties. 

In  laying  out  the  first  row  of  mines  below  the  out- 
crop mines,  the  area  selected  used  to  be  about  200 
claims  (-J94  acres)  for  each  mine  with  a  milling  plant 
of  200  stamps,  the  depth  of  the  workings  being  From 

1,000  to  3,000  ft.  The  standard  adopted  was  a  stamp 
a  claim,  the  stamp  being  equivalent  to  an  output  of 
live  tons  per  day.  This  area  is  now  considered  too 
small,  and  companies  with  1,000  claims  and  upwards 
have  been  formed. 

These  changes  in  the  areas  selected  make  it  of 
interest  to  consider  the  factors  that  decide  tin-  size  of 
a  mine  anil  the  principles  upon  which  valuations 
should  be  founded. 

As  regards  the  question  of  size,  it  may  be  stated 
generally  that  the  larger  the  area  the  less  will  be  the 

*I  do  not  here  speak  of  movements  of  the  aoiL  1  have  long 
»i;n  filled  attention  t<>  the  probable  pin  played  by  them  in 
certain  alterations  which  go  rerj  low,  and  Mr.  Weed  baa  Riven 
examples  at  Butte  City  (Genesis  of  Ore  Deposits,  2nd  Edition, 

p.  4'.'7). 
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capital  expenditure  on  equipment  and  the  less  the 
working  costs  per  ton.  It  is  obvious  that  a  large  area 
lends  itself  to  more  economical  development  than  a 
small  one.  Administration  and  general  expenses, 
being  spread  over  a  larger  tonnage,  are  proportion- 
ately reduced,  while  a  great  saving  in  capital 
expenditure  is  obtained  by  eoneentrating  the 
reduction  and  power  plant  instead  of  having  a  number 
of  small  units. 

The  statistics  of  the  Hand  mining  companies 
illustrate  very  forcibly  the  advantages  of  large  units. 
The  writer  has  compiled  from  the  August,  1908,  sheet 
of  the  Transvaal  Chamber  of  Mines  the  following 
table,  which  shows  the  effect  of  large  outputs  as 
compared  with  small.  The  figures  relate  to  53  out 
of  63  mines  in  the  Witwatersrand  district.  The  10 
mines  omitted  are  either  small  producers  or  mines 
which  do  not  report  working  costs. 

Results  "f  ■'■!  Milling  Companies  on  tin  Rand, 
August,  1908.— 

Tonnage  Com-        Yield  Profit 

treated. 

Tons. 

Under  10,000  ...  10 

10,000  to  20,000  ...  13 

20,000  to  30,000  ...  13 

30,000  to  40,000  ...  10 


p— .  g»g- 


33  4 

29  6 
28-8 

31  0 

32  6 


per  ton  per  ton 

nulled.  milled. 

23  4  10  0 

200  96 

170  11-8 

170  14-0 

14-8  17-8 


40,000  and  upwards         7 

With  regard  to  tins  table, it  is  advisable  to  mention, 
in  order  to  prevent  any  misunderstanding,  that  the 
costs  ami  profits  shown  are  what  are  known  as  costs 
and  profits  on  working  account.  Profit  tax,  depre- 
ciation and  sundry  expenditure  are  not  included. 
There  is  generally  a  ditlerence  of  about  30  between 
the  working  profits  shown  and  the  profits  distributed 
as  dividends,  that  is,  the  dividends  are  70%  of  the 
working  profits. 

The  effect,  therefore,  of  working  on  a  large  scale 
is  to  reduce  working  costs,  and  it  is  clearly  an 
advantage  to  have  a  huge  area  and  to  make  the 
output  as  huge  as  possible,  paying  due  regard  to 
capital  expenditure  and  life. 

In  calculating  the  most  suitable  rate  of  working 
for  any  given  area  it  is  necessary,  in  the  first  place, 
to  make  an  estimate  of  the  probable  tonnage  and  of 
the  value  of  the  ore.  The  Rand  ore  deposits  are  of 
such  a  character  that  fairly  reliable  estimates  can  be 
made,  the  reliability  depending  on  thesituation,  size, 
amount  of  development  and  records  of  neighbouring 
mines.  Granting  that  calculations  of  this  sort  have 
been  made,  and  that  definite  figures  have  been  arrived 
at  as  to  the  amount  of  gold  that  the  mine  contains, 
the  problem  that  then  needs  solution  is  the  rate  at 
which  it  may  be  most  profitably  extracted.  The 
elements  of  the  calculation  are  : 

1.  Capital  expendituie  required  for  a  given  produc- 
tion. 

2.  The  available  tonnage  and  its  value. 

3.  The  cost  of  working. 

4.  The  rate  of  interest  required. 

In  mine  valuations  of  this  clas>  it  is  'time'  that  is  the 
important  factor.  As  long  as  the  gold  is  left  in  the 
ground,  there  is  a  loss  of  interest  going  on  and,  after 
a  certain  period,  this  loss  of  interest  will  exceed  the 
cost  of  new  shafts  and  equipment.  An  example  will 
make  this  point  clear.  Suppose  a  property  contains 
1,000  claims  and  a  tonnage  of  20,000,000  tons 
estimated  to  give  a  net  profit  of  10s.   per  ton,   and 

'•Included  in  this  class  is  the  East  Rand  Proprietarj  Po., 
which  is  rather  a  group  of  mines  than  one  unit.  If  the  figures 
of  this  company  are  omitted  the  averages  for  mines  milling  over 

40,000  tons  per  month  would  be  six  companies,  yield  33-4s., 
costs  13-8s.,  profit  19'6s. 


suppose  the  equipment  is  equivalent  to  an  output  of 
400,000  tons  per  annum  ;  the  life  would  be  50  years, 
and  the  annual  income  £200,000. 

The  present  value  of  an  income  or  annuity  of 
£200,000  for  50  years,  assuming  that  6%  interest  is 
demanded  and  that  a  sinking  fund  to  redeem  capital 
was  invested  at  3%,  would  be  worth  14  5  years' 
purchase,  or  £2,900,000.  If,  however,  the  ground 
had  been  divided  into  two  mines,  or  if  the  output 
had  been  doubled  by  increasing  the  reduction  plant,, 
the  annual  profits  would  have  been  £400,000  for  25 
years.  The  present  value  of  this  income  is  worth  1 1  '5. 
years'  purchase,  or  £4,600,000.  There  is,  therefore,. 
an  increased  value  by  doubling  the  rate  of  production, 
of  £1,700.0(1(1,  which  would  far  exceed  the  capital 
expenditure  necessary  to  secure  this  increased, 
rate. 

This  example  indicates  that  in  order  to  obtain  the 
greatest  value  from  any  mining  area  containing 
definite  values,  as  on  the  Rand,  it  is  possible  to. 
calculate  with  some  precision  the  most  profitable 
rate  of  working. 

The  formula  necessary  for  calculating  the  most 
profitable  life  from  a  theoretical  point  of  view  have 
been  give  by  Hellman,  Browne,  Kotze  and  others. 

According  to  Mr.  Kotze,  the  most  suitable  life  for 
a  mine  giving  a  20s.  profit  per  ton  is  about  11  years, 
and  that  for  a  mine-with  ore  yielding  a  profit  of  10s. 
a  ton,  16  years.  The  definition  that  he  gives  of  the 
most  profitable  life  is  that  at  which  the  ratio  of 
increase  of  present  value  of  profits  to  increase  of 
working  capital  becomes  unity.  This  would  be  the 
most  profitable  life  theoretically.  In  practice,  how- 
ever, the  life  should  be  extended  somewhat,  and  the 
ratio  taken  higher  than  unity.  Mr.  Kotze  also 
conies  to  the  conclusion  that  the  larger  the  profit  per 
ton.  the  shorter  would  be  the  more  profitable  life  if 
other  conditions  remained  the  same. 

No  doubt  the  calculations  given  in  his  paper  would 
have  to  be  modified  to  suit  present  conditions,  the 
capital  expenditure  required  for  a  given  production 
being  now  less  than  at  the  time  the  paper  was 
written.  But  as  the  effect  of  a  decrease  in  the  capital 
expenditure  for  a  given  output  would  be  to  decrease 
the  theoretically  most  profitable  life,  the  ideal  life, 
on  a  10s.  per  ton  profit  basis,  may  be  taken  to  be 
under  16  y-ears. 

Mr.  Biowne,  who  has  also  made  calculations  as  to 
what  is  the  most  profitable  life,  arrives  at  the 
conclusion  that  10  years  is  the  ideal  life. 

These  calculations  go  to  show  that  the  life  must  be 
kept  within  bounds  to  obtain  the  greatest  value  out 
of  a  given  area.  The  author  wishes  to  emphasise 
this  point,  because  in  recent  amalgamations  a  long 
length  of  life  has  been  put  forward  as  a  favourable 
feature. 

it  is  no  doubt  a  good  thing  for  a  mine  to  be  worked 
on  a  large  scale,  but  it  does  not  follow  that  its  life 
should  extend  beyond  certain  limits,  which,  as  shown 
above,  can  be  calculated. 

The  author  does  not  wish  it  to  be  understood  that 
he  advocates  the  working  of  a  mine  strictly  on  the 
theoretical  standard.  In  practice,  it  would,  in  his 
opinion,  be  unwise  to  go  to  the  extreme  limit.  Even 
on  the  Rami  there  must  be  uncertainty  as  to  the 
total  tonnage  and  values  available,  and  the  scale  of 
operations  will  also  be  affected  by  financial  and 
labour  considerations,  factors  which  are  variable  and 
uncertain. 

The  safest  course  in  practice  would  be  to  lay  out 
the  mine  at  the  start  for  a  production  below  the  ideal 
production,  but  the  aim  should  be  to  work  ultimately 
to  the  scale  of  operations  that  calculations  of  total 
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profits  and  total  expenditure  indicate  as  the  most 
profitable. 

In  coming  to  the  decision  as  to  what  is  the  best 
scale  of  operations,  an  important  point  to  he  con- 
sidered is  that  of  the  most  profitable  grade  to  work 
to.  The  ore  deposits  of  the  Rand  are  such  that  the 
engineer  can  vary  his  grade  within  wide  limits.  He 
can  increase  his  tonnage  and  lower  his  costs  by 
including  low-grade  ore.  Low  costs  and  large 
tonnages  do  not,  however,  necessarily  mean  that  the 
mine  is  being  worked  to  the  greatest  profit. 

To  determine  the  most  profitable  grade  it  is 
necessary  to  calculate  the  present  value  of  the  total 
profits  expected. 

To  illustrate  this,  the  author  will  suppose  that  a 
mine  has  1,000,000  tons  which  will  give  a  profit  of 
'20s.  per  ton,  and  that,  by  leaving  some  of  the  poorer 
ore  in  the  mine,  a  production  of  800,000  tons,  giving 
a  profit  of  25s.  per  ton,  can  be  obtained. 

The  question  arises  which  is  the  more  profitable 
grade  to  work,  the  high  grade  and  the  smaller 
tonnage,  or  the  low-grade  and  the  larger  tonnage. 
Assuming  that  the  reduction  plant  will  treat  200,000 
tons  per  annum,  the  life  will  be  either  five  or  four 
years  and  the  annual  profits  either  £200,000  or 
£250,000.  Calculating  the  present  value  of  these 
profits  on  the  annuity  principle  and  assuming  that 
6%  interest  is  required  and  that  a  sinking  fund  for 
the  redemption  of  capital  is  invested  at  3%,  the  low- 
grade  policy  will  show  a  present  value  of  £806,000 
and  the  high-grade  £835.000.  Consequently  the 
high-grade  is  the  more  profitable  to  work. 

It  will  be  observed  that  in  all  calculations  as  regards 
life  or  grade  one  of  the  most  important  factors  is 
time  ;  and  it  is  this  factor  that  carries  great  weight 
in  valuations  of  deep  level  claims,  which  may  be 
propused  for  amalgamation  with  an  adjoining 
property. 

Some  examples  of  the  sort  of  valuation  required 
may  now  be  considered.  Taking  a  simple  case,  that 
of  the  amalgamation  of  two  undeveloped  areas,  each 
too  small  to  be  worked  separately,  but  which  together 
would  give  an  area  of  suitable  size  for  a  mine,  the 
valuation  of  the  ground  would  depend  on  the  present 
value  of  the  profits  to  be  derived  on  an  assumed 
rate  of  working.  It  is  assumed  that  the  profit  to  be 
derived  from  the  deepest  ground  would  be  less  than 
that  from  the  more  shallow,  partly  on  account  of 
the  profit  being  deferred  and  partly  due  to  the 
assumption  that  working  costs  increase  and  con- 
sequently profits  decrease  with  the  depth  of  working. 
This  is  what  is  known  on  the  Rand  as  the  zone 
basis  of  valuation. 

For  convenience  the  ground  is  divided  up  into  belts 
or  zones  parallel  with  the  strike,  and  a  value  is 
calculated  for  each  zone.  The  author  believes  in 
this  system  of  valuation  provided  it  is  not  carried  to 
extremes.  If  carried  too  far,  the  value  of  the  deeper 
claims  is  unduly  depreciated.  The  profits  arc  dis- 
counted over  too  long  a  period,  and  a  fairer  way  to 
value  such  claims  would  be  to  assume  that  they 
could  be  made  productive  earlier — which  might  be 
the  case  if  a  new  shaft  were  put  down — than  if  they 
had  to  wait  for  the  exhaustion  or  all  the  ground 
above  them.  The  relational  value  of  claims  has 
received  considerable  attention  in  South  Africa,  and 
those  who  wish  to  study  this  subject  are  recommended 
to  read  the  paper  hy  (J.  A.  Denny,  read  before  the  S. 
A.  Association  of  Engineers,  and  the  discussion  that 
followed. 

Another  case  that  may  be  considered  is  that  of  the 
amalgamation  of  deep  level  claims  with  those  of  a 
producing  and  profit  earning  mine.      In  this  case  the 


value  of  the  deep  claims  to  the  producing  mine  will 
depend  on  the  amount  of  tonnage  still  available  in 
its  own  property—  in  other  words  on  its  life— unless 
the  development  of  the  deep  ground  can  be  taken  in 
hand  before  the  exhaustion  of  the  upper  ground. 

The  value  of  the  deep  level  claims  to  the  producing 
mine  is  the  present  value  of  the  estimated  profits  at 
the  time  when  the  upper  claims  are  exhausted.  If 
the  producing  mine  has  still  a  long  life  before  it,  the 
value  of  the  deep  claims  will  be  small,  because  the 
profits  to  be  derived  from  the  deep  claims  will  be  so 
long  deferred. 

It  must  also  be  borne  in  mind,  when  valuing 
claims,  that  there  is  a  liability  attached  to  them  in 
the  way  of  claim  licence,  amounting  to  £3  per  annum. 
The  capitalised  value  of  the  claim  licences  must  be 
deducted  from  the  capitalised  value  of  the  profits 
expected  in  the  future.  The  factor,  time,  here  again 
exercises  an  important  influence,  ami  if  the  realisation 
of  the  profits  is  to  be  long  postponed,  the  value  of 
the  claims  will  be  small  and  may  in  fact,  be  a  minus 
quantity. 

A  third  and  somewhat  more  complicated  case  may 
now  be  considered. 

As  a  rule,  when  an  amalgamation  of  a  producing 
mine  with  deep  level  claims  is  effected,  an  increase 
in  production  is  arranged  for,  and  the  owners  of  tli3 
deep  claims  frequently  contribute  capital  for  this 
purpose.  In  making  a  valuation  of  the  different 
interests  in  such  a  case,  it  would  be  necessary  to 
calculate  the  present  values  of  the  estimated  profits 
to  be  derived  from  different  claims  put  in,  and  also 
to  assess  separately  the  value  of  the  other  assets, 
such  as  equipment,  development  and  cash.  Both 
sides  benefit  by  amalgamation,  owing  to  the  speedier 
realisation  of  the  profits,  and  the  case  differs 
from  that  previously  given  in  that  the  producing 
mine  has  here  to  consider  the  value  of  the  extra 
profit  that  will  accrue  owing  to  the  increased  scale  of 
operations  which  the  capital  of  the  deep  block  allows 
of,  whereas,  where  no  increase  of  production  takes 
place,  the  producing  mine  has  merely  to  decide 
whether  the  price  put  upon  the  present  profits  of  the 
deep  ground  is  sufficiently  attractive. 

There  is  one  other  point  of  great  importance 
relating  to  mine  valution  to  which  the  author  wishes 
to  draw  attention.  It  is  well  known  that  on  the 
Rand  there  are  rich  reefs  and  poor  reefs,  as  well  as 
great  variations  in  values  in  the  reefs  themselves. 
It  is  usual  to  work  out  the  ore  at  an  average  grade, 
taking  each  reef  out  in  its  proper  proportion.  This 
system  is  financially  unsound. 

Theoretically,  to  get  the  most  value  out  of  a  mine, 
the  grade  in  the  early  part  of  the  mine's  life  should 
be  higher  than  in  the  later  years.  In  practice  it  is 
of  course  not  possible  to  mine  all  the  rich  ore  first 
and  then  return  to  the  poor.  Stopes  or  levels  cannot 
be  kept  open  indefinitely  without  great  expense.  At 
the  same  time  the  author  thinks  that  some  selection 

is  possible,  and  that  if  the  richest  reefs  and  the  richest 
put  up  sections  of  the  poorer  reefs  were  attacked  fust, 
a  higher  grade  than  the  average  could  he  obtained 

during  the  early  years  of  t lie  mine's  life.  A  consider- 
able appreciation  in  value  would  result  from  the 
adoption  of  this  policy."— W.  FlSOHBB  WILKINSON, 
Institution  <>f  Mining  and  Metallurgy.  Tfti  Minim/ 
World,  May  15,  limit,  p.  927.     (.1.  V.) 


Miners'   Electric  Lamps.— "In  a  paper   read 

before  the  Midland  I  'ounties  Institution  or  Engineers, 
Mr.  W.  II.  Mills  summoned  up  the  advantages  of 
miners' electric  lamps  over  oil  lamps  as  follows: — 

Dr.  Court  found  that  of  500  men   working   with  oil 
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safety  lamps,  over  100  were  suffering  from  nystagmus, 
and  that  only  three  men  out  of  500  were  affected 
where  naked  lights  were  used,  showing  that  constant 
straining  of  the  eyes  owing  to  deficiency  of  light  is 
the  cause  of  the  disease.  The  use  of  electric  lamps, 
with  the  increased  illuminating  power,  will  un- 
doubtedly reduce  the  number  suffering  from  this 
serious  'malady.  For  examining  the  roof  in  the 
working  places  and  roadways,  the  electric  lamp  has 
the  advantage  of  the  light  not  being  affected  by 
being  tilted  in  any  direction,  and  there  is  no  doubt 
that  with  this  advantage  and  the.  better  light 
accidents  from  falls  of  stones  will  be  reduced  when 
electric  lamps  can  be  used.  The  electric  lamp  is  a 
necessity  fur  use  with  life-saving  apparatus,  but  the 
lamps  now  in  use  are  not  altogether  satisfactory. 
At  the  present  time  there  is  a  serious  loss  of  working 
time  caused  by  the  oil  lamp  being  so  easily  extin- 
guished, and  With  the  shortened  hours  of  labour  this 
loss  of  time  will  be  still  more  serious.  Electric  lamps 
have  not  this  disadvantage.  It  must  also  lie  admitted 
that  even  with  the  ingenuity  expended  on  the 
manufacture  of  the  safety  lamps,  and  with  the  great 
care  exercised  in  cleaning,  locking,  and  in  the  use  of 
the  lamp,  there  is  still  an  uncomfortable  fee'ing  that 
a  defective  lamp,  or  the  wrong  use  of  a  lamp,  may 
be  the  cause  of  a  serious  explosion  of  fire-damp  and 
coal  dust  ;  and  now  that  such  high  velocities  of  air 
are  usual,  and  most  of  our  deep  mines  are  dry  and 
dusty,  a  load  of  anxiety  will  be  removed  from  the 
overtaxed  colliery  manager  if  a  still  safer  lamp  than 
the  oil  lamp  can  be  found.  It,  therefore,  behoves 
everyone  who  is  interested  in  coal  mining  to  do  his 
utmost  to  improve  the  miners'  safety  lamp." — 
Science  and  Art  of  Mining,  May  15,  1909,  p.  458. 
(A.  R.)  

Haulage  in  Collieries. — "Notwithstanding  the 
increased  popularity  of  electric  haulage,  the  endless 
rope  system  remains  in  favour  at  many  collieries 
where  special  conditions  exist.  The  best  features  of 
this  latter  system  of  haulage  are  :  (1)  It  is  capable  of 
dealing  with  large  outputs  in  an  easy  form  ;  (2)  there 
is  less  wear  and  tear  of  rolling  stock  than  with  other 
systems  ;  (3)  it  travels  at  a  much  lower  speed  than 
other  systems  for  a  given  output ;  and  (4)  it  is,  as  a 
result  of  the  foregoing  advantages,  less  liable  to 
breakage  and  accidents  to  persons  and  animals.  In 
determining  the  size  and  weight  of  the  rope  in  an 
endless  rope  system  of  haulage,  an  ample  margin 
should  be  allowed  for  safety,  considering  at  the  i-ame 
time  unusual  strains  which  may  come  upon  the  rope 
by  overloading.  The  net  strain  on  the  rope  at  the 
driving  pulley  rim  may  be  taken  as  the  net  load  or 
resistance  to  be  overcome  by  t  be  engine.  In  practice, 
it  is  usual  to  allow  fiom  "25%  to  50  for  friction  in 
engine  gear  and  margin  for  undue  requirements." 
—Science  and  Art  of  Mining,  May  29,  1909,  p.  481. 
(A.  R.)  

M i XEifs  Lamp  Tests.  —  "Recent  tests  show  that 
an  ordinary  miner's  lamp  (of  the  type  generally  worn 
on  the  miner's  cap)  when  burning  tallow,  consumes 
2 "49  cub.  ft.  of  oxygen  and  produces  174  cub.  ft.  of 
carbonic  acid  per  hour.  The  same  lamp  when  burning 
oil  consumes  T13  cub.  ft.  of  oxygen  and  produces 
078  cub.  ft.  of  carbonic  acid  per  hour.  The  same 
investigators  determined  the  candlepower  of  various 
lamps  by  photometry  as  billows  :— Wolf  safety-lamp 
(having  a  wider  flame  than  most  safety  lamps  and  a 
white  enamelled  reflector),  burning  with  a  flame 9 in. 
high,  gave  8  candlepower.  Scottish  miners'  oil  lamp 
(consuming  138  gm.  of  oil  per  hour),  average  during 


15  minutes  with  uniform  flame,  1  candlepower.  The 
kind  of  oil  used  affects  the  candlepower  considerably. 
Scottish  miners'  tallow  lamp  (consuming  17 "4  gm. 
t&llow  per  hour),  average  during  15  minutes  with 
uniform  flame,  2  3  candlepower.  Scottish  miners' 
lamp  (consuming  13  gm.  paraffin  wax  per  hour),  gave 
1*6  candlepower.  Scottish  miners'  lamp  (consuming 
19  3  gm.  paraffin  wax  per  hour)  gave  2"6  candle- 
power." — Science  and  Art  of  Mining,  May  29,  1909, 
p.  482.     (A.  R.) 

Electric  Haulage  and  Winding  Plants.— "A 
very  great  deal  has  been  done  in  recent  years  in  the 
application  of  electricity  to  haulage  underground, 
and  the  plants  now  being  installed  are  of  much 
greater  power  than  hitherto.  A  few  years  ago 
plants  of  2.")  h  p.  to  50  h.p.  were  considered  important, 
whereas,  at  the  present  time,  plants  of  from  200  h.p. 
to  300  h.p.  are  by  no  means  uncommon,  and  some 
are  at  work  up  to  500  h.p.,  or  even  larger.  In  con- 
sidering the  adoption  of  electric  haulage  one  has  to  be 
guided  by  local  circumstances  in  selecting  the  most 
suitable  of  the  various  systems,  which  may  be 
elivieled  as  follows  : — (1)  Main  rope  haulage,  consist- 
ing of  a  single  drum,  and  hauling  up  gradients, 
exceeding,  say,  3  in.  per  yd.,  so  that  the  empty  tubs 
are  able  to  draw  the  rope  back  by  gravity  ;  (2)  main 
and  tail  haulage,  in  which  the  main  rope  usually 
draws  the  full  tubs  up  an  incline  or  along  a  road 
with  a  gradient  in  favour  of  the  load  of  less  than  3 
in.  per  yd.,  the  tail  rope  being  used  for  taking  back 
the  empties  or  the  lighter  load  ;  (3)  endless  rope 
haulage,  which  can  be  used  on  roads  with  a  gradient 
in  favour  of  the  load  or  against  the  load,  but  this 
system  can  only  be  used  where  a  road  is  wide 
enough  to  allow  the  full  tubs  to  pass  the  empty  tubs, 
unless  a  special  by-pass  arrangement  is  used,  which 
is  not  generally  satisfactory  ;  (4)  by  electric  loco- 
motives, these  are  generally  used  on  nearly  level  road, 
and  for  surface  work.  There  are  various  modifica- 
tions of  these  methods  of  working  anel  combinations 
for  special  cases,  but  the  above  generally  represent 
the  main  four  systems  on  which  haulage  in  collieries 
is  effected.  Main  rope  haulage  recpuires  only  one 
line  of  rails  and  is  adopted  on  single  roads  where 
there  is  not  sufficient  width  to  use  an  endless  rope, 
and  where  the  tubs  are  of  sufficient  weight  to  run 
back  by  gravity.  It  will  be  readily  understood  that 
it  is  impossible  to  fix  any  definite  gradient  upon 
which  the  haulage  will  self-act,  i.(.,  run  back  by 
gravity,  as  this  depends  so  very  greatly  upon  the 
condition  of  road,  namely,  upon  whether  the  rails  are 
of  sufficient  weight  and  are  well  laid,  or  whether — as 
is  often  the  case — thej  are  light  and  badly  laid.  In 
addition  to  this,  the  class  of  nib  wheel  lias  a  very 
great  deal  to  do  with  easy  working.  With  heavy 
tubs  fitted  with  large  wheels,  such  as  are  used  in 
South  Wales,  the  train  will  self-act,  i.e.,  run  back, 
on  a  gradient  of  even  less  than  1  in.  per  yd.  On  a 
fairly  good  road,  and  with  the  tub  wheels  of  reason- 
able size,  it  is  found  that  2  in.  to  the  yd.  is  sufficient 
for  self-aeting,  but  this  is  working  rather  close  to 
the  line,  and  therefore,  a  gradient  exceeding  2  in.  or 
3  in.  per  yd.  is  one  upon  which  a  main  rope  haulage 
is  usualh  applied.  Main  and  t;  il  haulage  is  largely 
used  in  tiie  north  of  England  and  also  in  South 
Wales,  and  in  districts  where,  owing  to  the  possible. 
rising  of  l  lie  ground  or  the  diffic  lty  in  maintaning  a 
good  roof,  it  is  found  impossii  le  o  make  the  roads  of 
sufficient  width  to  allow  endless  rope  haulage  to  be 
used.  This  system  is  being  l  dually  discarded  for 
endless  re  e,  but  there  are  still  good  many  mining 
engineers  who  believe  in  it  ;  tl       is  generally  in  older 
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collieries  or  mines  where  the  roads  are  of  considerable 
length,  and  where  it  is  necessary  to  get  the  men  in- 
bye,  i.e.,  to  their  work,  in  the  shortest  space  of 
time. 

It  will  he  easily  recognised  that  in  any  system  of 
intermittent  haulage,  such  as  main  rope,  in  which 
the  full  load  is  usually  drawn  up  and  the  empty  load 
allowed  to  self-act  back,  or  in  main  and  tail  haulage, 
where  the  full  tubs  are  drawn  out-bye  and  then  the 
empty  tubs  taken  in-bye,  a  very  considerable  amount 
of  time  is  wasted  in  making  up  the  train  of  tubs, 
changing  from  the  full  to  the  empty  in-bye,  and  also 
going  through  the  same  operation  at  the  pit  bottom, 
or  to  whatever  point  the  haulage  gear  may  draw  the 
coal  or  minerals.  Approximately,  a  gear  of  this  type 
is  worked  at  full  power  for  only  one-lhird  of  the 
time;  it  then  stands  for  about  one-lhird,  and  runs  at 
a  much  smaller  power  for  the  other  third.  Con- 
sequently, the  amount  of  power  necessary  for  dealing 
with  a  given  output  with  either  main  or  main  and 
tail  haulage  is  very  much  greater  than  with  the  end- 
less rope. 

Perhaps  the  most  important  application  for  which 
electricity  should  he  employed,  or  in  which  there  is 
the  greatest  use  for  huge  power  electrical  machines, 
is  that  of  main  winding.  It  is  a  subject  which  has 
had  a  great  deal  of  consideration.  There  are  many 
opinions  as  to  whether  the  use  of  electricity  is  an 
advantage  over  steam  winding  or  otherwise.  There 
is  much  to  be  said  in  favour  of  both,  and  conditions 
and  circumstances  are  such  important  factors  in  each 
individual  case,  that  it  becomes  impossible  to  make  a 
general  statement,  or  for  anyone  to  express'a  decided 
opinion  applicable  to  all  requirements.  It  would  teem 
that  where  it  is  nececsary  to  lay  down  a  complete 
electrical  generating  plant  for  the  electric  supply  and 
also  the  motors  and  other  machines  for  conveying 
power  to  the  winder,  it  is  questionable,  taking  the  cost 
of  the  plant  and  the  losses  in  conversion  into  eon- 
sideiation,  whether  the  advantages  aie  sufficient  to 
make  the  scheme  practical  and  economical ;  but,  on 
the  other  hand,  where  there  exists  a  suitable  electric 
supply,  and  iheie  is  a  margin  or  provision  to  prevent 
entire  stoppage  in  the  event  of  the  failure  of 
supply,  winding  by  electricity  would  appear  to  be 
worthy  of  most  careful  consideration,  especially  as 
the  apparatus  needful,  as  now  manufactured  and 
and  supplied  by  those  firms  who  have  given  the 
matter  attention,  is  in  every  way  suitable  and 
reliable.  In  this  country  there  are  comparatively 
few  instances  of  electric  winding  plants  at  work.  It 
seems  to  have  been  left  to  our  Continental  friends  to 
take  the  initiative.  They  have  some  very  line 
examples  at  work,  amongst  which  the  most  important 
plants  are  those  at  1'reussen  II.  Colliery,  near  Dort- 
mund, Germany  ,and  Grand  Uornu  Collier}  ,  Belgium  - 
both  by  the  Allgerueine  Elektricitats  Gesellschaft, 
and  Zollern  II.  Collieiy,  Merklinde,  Germany  ;  the 
electrical  machinery  by  Messrs.  Siemens  and  Halske, 
Berlin.  A  very  important  and  interesting  electric 
winding  plant  on  a  large  scale,  which  coin  pan's  very 
favourably  with  ai  y  of  the  Continental  examples,  is 
that  erected  during  last  year  at  the  Maritime  Bit  of 
the  Great  Weste  n  Colliery  Company.  This  installa- 
tion, as  well  as  being  a  pioneer  equipment,  has  many 
special  features,  described  in  papers  read  by  Mr. 
Hugh  Bramwell  a'  d  Mr.  Gerald  Hooghwinkel  before 
the  South  Wales  Institution  of  Engineei  .  At  the 
Brook  pit,  Heckmondwike,  an  electric  winding 
plant  was  installed  for  special  purposes.  A  large 
fault  or  throw  occurs  about  3,000  ft.  away  from  the 
pit  bottom.  This  Fault  throws  down  the  coal  seam  a 
vertical  depth  of  ISO  ft.  below  its  original   level.     To 


win  the  coal-field  on  the  dip  side  of  the  fault,  it  was 
necessary  to  drive  either  a  large  drift  or  sink  a 
staple.  If  it  had  been  decided  to  drive  a  drift  it 
would  have  been  necessary  to  put  down  a  powerful 
haulage  plant,  at  least  equal  to  the  size  of  the 
present  winding  plant.  The  driving  of  such  a  drift 
with  a  gradient  of  1  in  6  would  have  involved  1,080 
ft.  of  drifting,  and  the  cost  would  have  been  about 
£1,960.  The  sinking  of  the  staple  cost  about  £3  LOs. 
per  ft.  for  180  ft.,  or  a  net  saving  of  £1,360  against 
the  drift  scheme.  It  also  took  nine  months  less  time 
to  win  the  coal  by  the  staple  than  it  would  have  done 
by  the  drift.  The  shaft  is  180  ft.  deep,  and  with  the 
present  arrangements  the  winding  gear  is  capable  of 
raising  from  150  tons  to  200  tons  per  day  of  10  hours. 
The  winding  drum  is  3  ft.  in  diameter,  and  a  wind  is 
made  in  40  sees,  to  45  sees.,  equal  to  a  speed  of,  say, 
300  ft.  per  min.  The  electric  motor  driving  the 
drum  is  of  the  series  wound  continuous  current  type, 
capable  of  working  up  to  40  effective  h.p.  when 
running  at  a  speed  of  500  revolutions  per  minute. 
The  motor  is  fitted  with  slotted  drum  armature  with 
specially  large  commutator,  fitted  with  carbon  block 
brushes,  self-oiling  hearings,  and  is  of  the  usual  type 
that  the  makeis  have  designed  for  this  class  of  work. 
A  machine-cut  pinion  of  forged  steel  is  fitted  on  the 
end  of  the  spindle  and  gears  into  a  spur  wheel  on  the 
counter-shaft.  The  first  motion  gearing  is  machine- 
cut  forged  steel,  and  the  second  motion  gearing  is 
machine-moulded  cast-iron.  A  powerful  foot-brake 
is  provided  for  the  drum  operated  by  a  foot  lever, 
as  a  further  protection,  this  gear  is  fitted  with  an 
electric  brake  very  similar  to  those  on  the  German 
gears  already  described.  This  brake  is  fitted  on  the 
motor  shaft  and  comes  into  operation  as  soon  as  the 
current  is  switched  off,  and  thereby  sustains  the  load. 
An  indicator  is  also  fitted  on  the  vinding  gear  to 
show  the  position  of  the  cage  in  the  shaft.  This 
winder  is  operated  by  means  of  a  liquid  controlling 
switch  arranged  for  reversing  and  speed  regulation. 
The  plates  are  arranged  to  dip  into  the  liquid  in  an 
opposite  manner  to  those  of  the  gear  at  Preussen  II. 
Colliery,  in'  which  the  liquid  rises  on  the  plates. 
This  winder  could  have  been  fitted  with  a  three- 
phase  motor  of  the  same  power,  in  which  case  a 
similar  type  of  liquid  starter  would  have  been 
employed."— M.  B.  Mountain,  Manchester  Geo- 
logical and  Minimi  Society. —  The  Science  and  Art  of 
Mining,  May  29,  1909,  p.  488.     (A.  R.) 


Coal  Dust  Explosions.— "Recent  experiments 
show  that  I  oz.  of  coal  dust  per  35  cub.  ft.  of  air  w  ill 
suffice  for  the  production  of  an  explosion.  It  was 
also  found  that  it  is  more  a  question  of  fineness  ol 
the  division  of  the  dust,  than  the  weight,  that 
causes  a  condition  of  ureal  danger. " — Mining  Scienct . 
March  25,  1909,  p.  227.     (A.  R.) 

SlLICIFIED  TlMBKR.  —  "The  extraordinary  power 
of  hot  silica  bearing  water  to  penetrate  and  micro- 
scopically replace  certain  substances  with  the  utmost 
minuteness  and  faithfulness  is  shown  in  some  of  the 
deep  and  old  abandoned  workings  of  the  Comstoek 

mine,  where  not  only  have  the  timbers  been  partially 
silicilied  by  the  hot  silicious  waters,  but  even  the 
fine,  soft,  impalpable  fungus  growing  on  those 
timbers,  well  known  t>  miners  in  the  timbering 
of  damp  portions  of  mines,  i-  replaced  by  opaline 
silica    down   to   the  minutest    fibre  and   -bowing  the 

delicate  fernlike  patterns  of  this  parasitic  growth." 
— Mining  Science,  March  25,  1909,  p.  '223.     (A.  B.) 
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MISCELLANEOUS. 

The  Use  of  Concrete  for  Mine  Support.— "The 
author  said  that  up  to  comparatively  recent  times 
timber  had  been  the  principal  means  of  support  for 
underground  working  ;  but  its  use  as  an  economical 
material  for  support  was  rapidly  passing.  Tlie  falling 
off  in  the  use  of  timber  had  been  augmented  by  the 
application  of  concrete,  which  was  now  recognised  as 
a  reliable  and  satisfactory  substitute  for  timber.  Con- 
crete and  reinforced  concrete  were  now  extensively 
employed  in  mining  shafts,  mine  galleries,  tunnels, 
gangways,  in  the  support  of  rooms  and  stations,  in 
liuildingdamsand  stoppings  underground,  anil  in  fact, 
in  all  mining  work  both  within  and  without  the  mine. 
Concrete  had  the  advantage  that  it  could  be  applied 
equally  well  in  shafts  of  any  shape  and  size.  Several 
rectangular  concrete  shaft-linings  had  been  success- 
fully constructed  in  the  United  States,  but  practice 
favoured  the  oval  and  elliptical  forms.  Only  about 
half  the  thickness  of  lining  was  necessary  when 
curvilinear  forms  were  employed.  Many  of  the 
deep-level  shafts  of  the  Lake  Superior  copper  region 
were  lined  to  the  bed-rock  with  concrete.  Instances 
could  be  quoted  of  the  use  of  a  circular  concrete 
drop-shaft  in  sinking  through  loose  materials.  The 
relining  of  timbered  shafts  with  reinforced  concrete 
bad  been  successfully  accomplished  in  a  number  of 
instances  in  Pennsylvania,  one  of  the  best  illustra- 
tions of  such  work  being  that  of  Manville  shaft,  in 
the  vicinity  of  Scranton.  Stations  for  underground 
machinery  such  as  pumps,  engines,  stables,  offices, 
etc.,  were  now,  in  many  large  mines,  being  lined  or 
re-lined  with  concrete.  Concrete  in  coal-mine  work- 
ings had  an  advantage  over  timber  and  stone  in  that- 
with  a  little  care  in  surfacing,  the  resistance  to 
air-currents  was  materially  reduced,  which  circum- 
stance, together  with  the  considerations  of  greater 
strength  and  durability,  was  rapidly  extending  its 
use." — Prof.  W.  K.  Crane. — Times  Engineering 
Supplement,  June  2,  1909.     (J.  A.  W.) 


NEW  CONCRETE  will  not  retain  oil-paint  because 
of  dampness,  and  the  presence  of  caustic  lime.  Time 
and  nature  will  remove  these  objections,  the  carbonic 
acid  of  the  air  neutralising  the  lime,  but  we  shall 
hardly  be  allowed  to  wait  for  it.  Acid  will  certainly 
do  away  with  the  caustic  lime,  but  the  remedy  is 
about  as  bad  as  the  disease,  the  salts  of  lime  which 
are  formed  being  either  highly  hygroscopic,  like  cal- 
cium chloride  (CaCl2)j  or  the  action  being  too  super- 
ficial. After  exhaustive  trials  Fred.  J.  Bosse  lias 
•worked  out  the  following  method  as  the  only  one 
which  will  satisfy  the  needs  for  a  paint  on  concrete  : 
Dissolve  10  lb.  carbonate  of  ammonia  in  45  gallons 
water  and  apply  with  a  brush  ;  or  make  the  solution 
weaker  and  give  several  coats,  or  apply  as  a  spray. 
The  following  reaction  takes  place  : 

CaO  +  (NR7,C03  =  CaCO;!  +  H20  +  2NH3. 
The  ammonia  which  is  liberated  will  evaporate,  and 
the  calcium  carbonate  which  has  been  formed  is  per- 
fectly insoluble  and  will  become  dry  and  hard  in  a 
short  time.  On  the  surface  thus  prepared  ordinary 
oil  paint  may  be  applied.  This  process  will  be 
found  convenient,  cheap,  and  efficient." — Minimi  and 
Scientific  Press,  March  6,  1909,  p.  359.     (K.  L.  0.) 

Electricity  in  Coal  Mines.  —  "  The  main 
object  of  this  paper  is  to  consider  the  practical 
application  of  electricity  to  coal  mining,  regarded 
purely  from  a  safety  point  of  view.  No  system 
of  power  transmission  was  altogether  free  from 
danger,  but  even  under  the  severe  conditions 
which  obtained    underground,    mine-owners    might 


confidently  avail  themselves,  over  a  very  wide 
field,  of  the  advantages  which  electricity  offered  as  a 
power  agent,  provided  that  due  care  were  given, 
first  to  the  choice,  and  secondly  to  the  installation  of 
the  apparatus.  The  dangers  of  electricity  in  its 
application  to  coal-mining  work  underground  were 
two  in  number — namely,  danger  of  shock  to  persons 
owing  to  contact  with  'live'  metal,  and  danger  to 
persons  and  property  through  the  ignition  of  explosive 
gas,  coal-dust,  or  other  combustible  material  by  an 
electric  spark.  The  opinion  was  frequently  expressed 
during  the  departmental  committee  proceedings  on 
the  use  of  electricity  in  mines,  that  the  chief  danger 
to  be  apprehended  in  working  would  arise  from  the 
cables  in  a  mine  rather  than  from  the  motors  and 
apparatus.  There  was  much  to  be  said  in  support  of 
this  view.  The  transmission  system  in  shafts  and 
roadways  should  be  well  insulated,  and  wherever 
there  was  reasonable  ground,  following  a  chemical 
investigation,  for  assuming  that  the  water  in  the  pit 
would  not  attack  lead,  a  lead-sheathed  and  armoured 
cable  was  to  be  recommended.  He  would  draw 
particular  attention  to  the  advantages  which  should 
follow  the  employment  in  mines  of  the  Merz- Price 
protective  gear.  There  was  one  special  u<e  of  elec- 
tricity underground  which  really  deserved  much  more 
than  passing  consideration,  and  that  was  its  use  in 
driving  coal-cutting  machinery.  In  this  connection 
attention  might  be  directed  to  a  gate-end  switch  for 
coal-cutters,  designed  by  Mr.  H.  J.  Fisher  of  the 
Lambton  collieries.  From  the  point  of  view  of 
safety,  the  switch  represented  a  very  considerable 
advance  on  older  methods,  and  it  was  applicable 
either  to  a  three-phase  or  to  a  direct-current  system. 
In  connection  with  switch-gear  the  three-phase  system 
enabled  oil-immersed  switches,  controllers,  and  even 
resistances  to  be  used  when  otherwise  the  circuit 
would  require  to  be  broken  in  air — an  advantage 
almost  sufficient,  if  none  other  existed,  to  justify  the 
preference.  In  recent  joint  experiments  of  the 
German  mine-owners  and  electrical  engineers,  the 
conclusion  reached  was  that  "plate"  protection 
afforded  sound  mechanical  protection  together  with 
what  was  lacking  in  the  case  of  totally  enclosed 
motors,  namely,  ventilation.  Electric  lighting  under- 
ground was  practically  confined  to  places  near  the 
shaft-bottom  and  to  motor-rooms  separately  ventil- 
ated by  intake  air,  and  there  could  be  no  doubt  that 
it  should  be  so  confined." — Robkrt  Nelson,  Annual 
Meeting,  Institution  of  Mining  Engineer--,  May  '27. 
—  Times    Engineering    Supplement,    dune    2,     1909. 

(J.  A.  W.)  

Cyanide  Poisoning.—"  Risk  arises,  in  the  first 
place,  from  the  fact  that  cyanide  solutions  look 
exactly  like  water.  The  addition  of  a  small  amount 
of  a  suitable  colouring  matter  would  be  the  best 
precaution,  were  it  always  practicable,  but  it  could 
be  insisted  on  in  a  laboratory.  Failing  such  obvious 
methods  of  prevention,  it  is  surely  desirable  that 
means  of  cure  should  be  kept  at  hand  wherever  an 
accident  is  possible  ;  and,  as  this  can  be  very  simply 
done,  it  appears  to  me  that  proprietors  of  works 
should  be  compelled  by  law  to  do  it.  Seven  years 
ago  the  Victorian  Government  evidently  contem- 
plated some  action  of  the  sort,  for  they  commissioned 
Dr.  C.  J.  Martin,  then  professor  of  physiology  in  the 
Melbourne  University,  to  investigate  and  report 
upon  the  antidotes  tor  cyanide  poisoning.  Their 
experiments  led  them  to  reject  certain  reputed  anti- 
dotes on  the  score  of  inefficiency  or  danger,  and  to 
strongly  recommend  the  following  mixture  :  1  oz.  of 
23%  solution  of  ferrous  sulphate,  1  oz.  of  5%  solution 
of   caustic   potash,  30  gr.   of  powdered   magnesium 
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oxide.  There  is  every  reason  to  believe  that  this 
mixture  will  prove  an  effective  antidote  if  adminis- 
tered at  once,  but  a  very  few  minutes'  delay  must 
prove  fatal.  Drs.  Martin  and  O'Brien  therefore 
recommended  that  the  materials  be  kept  in  sealed 
tubes  which  can  be  broken  at  a  moment's  notice,  the 
tubes  and  a  suitable  mixing  vessel  to  be  conspic- 
uously placed  wherever  they  may  possibly  be 
wanted. '— Science  "/it/  Art  of  Minimi,  May  15,  19U9, 
p.  459.     (A.  R.) 


Reviews  and  New  Books. 


(We  shall  be  pleased  to  review  any  Scientific  or  Tech- 
nical Work  sent  to  us  for  that  purpose.) 


The  Dressing  of  Minerals.  By  Henry  Louis, 
M.A.,  D.Sc,  A.E.S.M.  (London:  Edward 
Arnold. ) 

"  The  author  deals  first  with  the  subject  of  volu- 
metric sizing,  the  operation  of  dividing   the  broken 
mineral    into  parcels  according  to  the  sizes  of  the 
particles.     This  is  always  performed  by  passing  the 
material  over  a  screen,  or  a  series  of  screens,  and  the 
book  hefore  us  contains  a  full  d<  scriptioriof  the  various 
screening  appliances  in  use.     Prof.  Louis  then  pro- 
ceeds to  discuss  the  subject  •>(  sorting— separating, 
that  is,  the  barren  or  worthless  material   from   that 
which  is  of  value,  and  sometimes  dividing  minerals 
of  different  kinds  or  qualities.     In  Cornwall  copper 
ores  are  picked  out  from  tin  ores,  and  set  aside  for 
separate  treatment.     In  many  lead  mining  districts 
pure  galena  is  picked  out  from  lead  ores  mixed  with 
gangue,  oi  from  mixed  lead  and  zinc  ores,  which  have 
to  undergo  more  elaborate  processes  of  dressing.     On 
the  Witwatersrand  the  gold-bearing  banket  is  picked 
out  from  the  barren  ([uartzite  which  is  broken  down 
with  it.    In  most  coal  mining  districts  shale  is  picked 
out  from  the  good  coal  ;  at  Rio  Tinto  various  grades 
are  made  by  sorting,  such  as  quartzose  ore.  smelting 
ore,  leaching   ore,  and   export   ore.     Sorting   is   per- 
formed either  upon  floors,  lixed  tables,  or  movable 
surfaces.      The  author   describes   various   revolving 
picking  tallies,    including  one  in    use  at   the  Crown 
Reef  mine,  where  eight  natives  at  work  on  the  table 
(only  four  of  whom  are,  strictly  speaking,  engaged  in 
sorting)  go  over  from  650  to  700  tons  per  day,  and 
pick   out   about    If   per  cent.     The   operating   cost 
appears  to  be  abonl    hi.  per  ton  on  crude  ore   for 
working  expenses,  and  about  .*!d.  per  ton  for  mainten- 
ance.    Next  to  sorting  the  qnestion  ol  comminution, 
or  the  breaking  down  of  mineral  to  smaller  sizes,  is 
dealt  with.   The  author  divides  this  portion  of  the  sub- 
ject into: — (a)  Coarse  breaking— often  a  preliminary 
operation  ;  (b)  Medium  crushing  ;  (c)  Fine  crushing 
(pulverising).      Various   tyj  es  of  i ihanical   rock- 
breakers  and  crushing  machines  are  described  and 
profusely   illustrated    by    diagrams,    including    the 
"Blake,"    the    "date."    the    "Dodge,"    and    the 
'•  Bartsch."  rock-breakers,  Marsden's  Pulveriser,  the 
Sturtevant  Roll  daw    crusher,    Krom    Lolls,   tube 
mills,  and  every  form  of  -tamp  mill  in  existence. 
Separation  by  specific  gravitj  is  an  interesting  branch 
of  the  subject  which   the  author  does  not  neglect, 
nor  does   lie  overlook  the  important  questions   of 
pneumatic,    magnetic,    or    electrostatic    separation. 
Finally,  Prof.  Louis  offers  some  general  considerations 
ami     BUggestione    with     regard     to    the    design     or 
construction     of     dressing     works,    which     mining 
engineers  will  find  extremely  useful,  although,  as 


the  author  himself  points  out,  it  is  impossible  to  lay 
down  hard  and  fast  rules  where  a  number  of  different 
appliances  may  be  used  for  attaining  a  given  object. 
The  choice  of  any  particular  one  may,  therefore, 
depend  not  only  on  the  nature  of  the  materials  to  he 
treated,  hut  also  upon  other  conditions,  and  is 
frequently  influenced  by  local  custom,  oreven  by  the 
idiosyncracies  of  the  engineer  in  charge.  The  book 
contains  over  400  illustrations,  and  a  vast  amount  of 
cue  and  labour  must  have  been  involved  in  its 
production.  As  a  contribution  to  mining  literature 
we  consider  it  of  great  value." — Mining  World 
(London),  May  1,  1909,  p.  539.     (A.  R.) 
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water  in  connection  with  fluid  actuated  tool  engines. 
14.5.09. 

(P.)  23909.  Hans  Charles  Behr.  Improvements 
in  fluid  meters.     15.5.09. 

(P. )  240/09.  Ernest  St,  George  Alderton  Hughes. 
Non-retillable  bottle.      17.5.09. 

(P.)  241/09.  John  Ernest  Roux  Adendorff.  An 
improved  process  for  preventing  the  formation  of  the 
"white  precipitate'"  (hydrated  zinc  oxide)  in  the 
precipitation  boxes  employed  for  extracting  the 
precious  metals  from  their  solutions.     15.5.09. 

(P.)  242  09.  Alexander  John  Arbuckle.  Improve- 
ments in  apparatus  or  plant  for  treating  crushed  ore 
products  for  the  recovery  of  the  metal  contents  there- 
of.    21.5.09. 

(P.)  243  00.  Frederick  George  Morel.  Improve- 
ments in  centrifugal  filters  for  slimes  and  the  like. 
21.5.09. 

(P.)  244/09.  James  Garvie.  Improvements  in 
valves  applicable  for  rock  drills  and  other  engines  or 
machines.     21.5  09. 

(P.)  245/09.  Lawrence  Scott  (1),  Charles  John 
Arundel  (2).  Improved  yielding  or  cushioning  guide 
roller  or  pulley  for  use  in  inclined  and  other  mining 
shafts  or  other  engineering  works  where  travelling 
ropes  are  used.     21.5.09. 

(P.)  241!  09.  Arthur  Cyrus  Whittome.  Improve- 
ments relating  to  the  tine  grinding  of  ores  and  the 
like.     21.5.09. 

(C.)  247/09.  William  Campbell  Paterson.  Im- 
provements in  pulp  agitators.     21.5.09. 

(C.)  248/09.  George  Lawrence  Smith.  Improve- 
ments in  or  relating  to  fire  anil  temperature  alarms 
or  indicators.     21.5.09. 

(C.)  •24'. »  09.  Stephen  Evans  Alley.  Improvements 
in  gate  or  sluice  valves.     21.5.09. 

(C. )  250/09.  Guy  James  Stock.  Improvements 
in  connection  with  bessemer  converters.     21.5.09. 

(C.)  251/09.  Alexander  Albert  Eolle.  Improve- 
ments in  steam  and  other  fluid  engines.     25.5.09. 

(P.)  252/09.  Hans  Charles  Behr.  Improvements 
in  and  relating  to  pneumatic  stamping  plant.  25.5.09. 

(P.)  253/09.  Frank  Simon.  Improvements  in 
rope  jockeys.     25.5.09, 
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(P.)  255/09.  William  D'Arcy  Lloyd  (1),  Ernest 
Thomas  Rand  (2).  An  improved  medium  of  precipi- 
tating theprecious  metals  from  their  solutions.  28.").  (19 

(P.)  256/09.  James  Stephen  McNamara.  An 
improved  connection  for  the  drill  rods  of  boring 
apparatus  for  compensating  for  the  weight  of  the 
rods.     28.5.09. 

(C.)  257/09.  William  Forbes  Leslie.  Improve- 
ments in  pulverising  mills.     28.5.09. 

(C.)  259/09.  Robert  Harrington  (1),  Edwin 
William  Sydney  Young  (2).  The  self  adjustment  of 
brakes  on  railway  vehicles  whether  worked  by 
vacuum  steam  or  compressed  air.     1.6.09. 

(R)  260/09.  Frederick  Victor  William  Swanton 
(1),  Thomas  Arnott  Fletcher  (2).  Improved  apparatus 
to  produce  power  by  the  reciprocating  motion  of  two 
dissimilar  fluids  acting  upon  same.     2.6.09. 

(P.)  261/09.  Alfred  Walker.  Improvements  in 
apparatus  for  stopping  runaway  skips,  cages  and  the 
like.     2.6.09. 

(P.)  264/09.  Thomas  Parker.  Improvements 
relating  to  the  distillation  of  coal  and  other  carbona- 
ceous substances.     3.6.09. 

(C.)  265/09.  Joseph  Knight.  Improvements  in 
electrically  operated  rock  drills  or  the  like,  specially 
applicable  for  stoning.     4.6.09. 

(C.)  266/09.  Thomas  Robertson  Laing.  Improve- 
ments in  devices  for  drawing  keys,  pins,  spindles 
and  the  like  out  of  pulleys,  wheels  or  other  stock. 
4.6.09. 

(C.)  267/09.  William  Spiers  Simpson  (1),  Howard 
Oviatt  (2).  Improvements  in  connection  with  the 
metallurgy  of  iron  and  steel.     4.6.09. 

(C. )  268/09.  William  Ernest  Bennett.  Improve- 
ments in  apparatus  for  distilling  mercury  from  gold 
amalgam.     4.6.09. 

(F. )  272/09.  Robert  Craig.  Improvements  in 
sands  distributors  for  use  on  tailings  and  the  like. 
5.6.H9. 

(P.)  273/09.  Frank  Robinson  (1),  Jacob  Andreas 
Frerichs  (2).  A  new  and  improved  device  for  work- 
ing power  stamps,  hammer  rock  drills,  pile  drivers 
and  the  like,  by  means  of  explosive  gases.     7.6.09. 

(P.)  274/09.  William  Cullen  (1),  Gilbert 
Frederick  Ayres  (2).  Method  of  precipitating  zinc 
from  solutions.     8  6.09. 

(P.)  275/09.  Archibald  Frank  Stuart. 
strainer.     8.6.09. 

(P.)  276/09.  Francis  Ima  Matthews  (1), 
Blagburn  (2),  Francis  Michael  Wright  (3). 
mill.     11.6.09. 

(('.)  277/09.  James  Nicolson  Bailey 
British  Wot  inghouse  Electric  and  Manufacturing 
Company,  Ltd.  (2).  Improvements  relating  to  fluid 
pressure  engines.     11.(5.09. 

(C.)  278/09.  Edgar  Arthur  Ashcroft.  Improved 
process  and  apparatus  for  the  production  of  metals 
of  the  alkali  group  by  elect rolysis.     11.6.09. 

(C)  279/09.  Alhert  Hibbs  Taylor.  Improve- 
ments in  hammer  drills.      11.6.09. 

(F.)  282/09.  Hugo  Per  Wilhelm  Esping.  Im- 
provements in  apparatus  l<»r  raising  liquids.    1 1.6.09. 

(P.)  283/09.  Walter  Daniel  Don-las.  improve- 
ments in  stamp  mills.     12.6.09. 

(P.)  284/09.  -lames  Irving  Williams.  An  im- 
proved furnace  for  smelting  gold  and  other  ores. 
12.6.09. 

(P.)    286/09.    Ernest  Slatter  Day.    Improvements 

in  the  continuous  treatment  of  slime-  and  apparatus 
therefor.      16  6.09. 

(P.)  287/09.  Horatio  Dunn.  Improvements  in 
reciprocating  engines.     17.6.09. 
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(P.)  288/09.  Malcolm  Canmore  Inglis.  Improve- 
ments in  crucible  ton^s.      17.0.O9. 

(P.)  289/09.  Karl  Sophus  Stump  (1),  Theodore 
Wilfred  Kill  (2).  Improvements  in  means  for  distri- 
buting sand  on  mine  dumps,  also  applicable  for  other 
similar  purposes.     18.6.09. 

(C.)  290/09.  Andrew  Swan.  Improvements  in 
the  lixiviation  of  ores  and  the  like.     18.6.09. 

(P.)  291/09.  Frank  Ondra  (1),  Alfred  Adair  (2). 
Improvements  in  zinc  recovery  processes.     18.6.09. 

(C.)  292/09.  Walter  George  Kent  (1),  John 
Lawrence  Hodgson  (2).  Improvements  in  fluid 
meters.     18.6.09. 

(C.)  293/09.  Eugen  Assar  Alexis  Gronwall  (1), 
Axel  Rudolf  Lindblad  (2),  Otto  Stalhane  (3).  Im- 
provements in  electric  furnaces,      is. 6  (19. 

(C.)  294/09.  Axel  Rudolf  Lindblad.  Method  of 
electric  smelting  of  iron  steel  and  other  metals  and 
means  for  carrying  out  the  same.     18. (i  09. 

(P.)  296/09.  Lars  Pedersen.  Improvements  in 
respiratory  devices  for  use  in  mining  and  the  like. 
18.6.09. 

(P.)  298  00.  John  Bartle  (1),  John  Miller 
Anderson  (2).  Block  and  tile  liners  for  launders  and 
tube  mills.      19/6/09. 

iF.)  299/09.  Samuel  Pond  Ruthven  (1),  Thomas 
Williamson  Donlan  (2).  Improvements  in  the  manu- 
facture of  wire  screening.      19.6.09. 

(P.)  300/09.  Frank  James  Chalmer  Carruthers. 
An  improved  apparatus  for  carburettiDg  air.    19.6  09. 

(P.)  301/09.  Junius  Ford  Cook  (1),  Frank  Alfred 
Roberts  (2).  Improvements  relating  to  the  decanta- 
tion  process  of  ore  treatment.     22.6.09. 

(P.)  302/09.  Harry  Davis.  A  new  or  improved 
joint  for  the  tools  of  percussion  or  jumper  drills. 
23.6.09. 

(P.)  303/09.  Arthur  Reginald  Angus.  Improve- 
ments in  and  relating  to  device-  for  preventing  colli- 
sions between  railway  trains.     "  \        24.6.09. 

(F.)  304  09.  Philip  Herd.  Improvements  in 
means  for  regulating  the  sensitiveness  of  tripping 
devices  employed  in  connection  with  the  automatic 
operation  of  electrical  switches.     25.6.09. 

(C.)  305/09.  Augustus  Rosenberg.  Process  of 
and  means  fur  depositing  metals  upon  metallic  sur- 
faces.    25.6.09. 

(P.)  306/09.  Philip  Herd.  Improvements  in 
means  for  regulating  the  sensitiveness  of  the  tripping 

devices  employed  in  connection  with  the  aut atic 

operation  of  electrical  switches.     28.6  00. 

(C.)  307/09.  William  .lames  Wright  (1),  Robert 
Lincoln  Armstrong  (2).  Two-cycle  compound  engine. 
29.6.09. 

il'.l  308/09.  Finest  Wilhelm  Koster.  Improve- 
ment- in  iir  relating  to  installation  of  engines  work- 
ing with  exhaust  steam,  and  particularly  applicable 
fur  use  in  compressing  air  and  other  gases.     29.6.09. 

(F.)  309/09.  Henry  Alfred  Walker.  Improve- 
ments in  drills  or  bits  lor  rock  drilling  and  like 
operations.      1.7.09. 

(F.)    310  (in.    James  Henry  Ruthven.     Automatic 

Safety    clutch    or    device    applicable    t<>    mine    -kips, 

cages,  hoists,  elevators,  and  the  like.    2.7.09. 

!('.i  311/09.  John  Hutchings.  Improvements  in  and 
relating  to  direct  acting  pumping  machinery.  2.7.09. 

iF.)  312/09.  John  Whitehead  Wilson  Drysdale. 
Improvements  in  or  connected  with  centrifugal  and 
rotary  pumps.     •_'  7. mi. 

(P.)  313/09.  Percy  Theodore  Dunton.  Improved 
flexible  steam  joint.    3.7.09. 

(P.)  3i4o!i.  Bertram  Richard  Avery.  A  new  or 
improved  composition  for  preventing  rain  and  mois. 
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ture  from  penetrating  of  brick,  stone,  and  cement 
plastered  walls  of  buildings.     5.7.09. 

(P.)  315/09.  H.  C.  Behr.  Improvements  in 
clutch  mechanism  for  winding  or  hauling  engines. 
5.7.09. 

(C)  316/09.  J.  C.  Snelling.  An  improved 
machine  for  producing  slabs  for  building  purposes. 
6.7.09. 

(P.)  317/09.  H.  Bone  (1),  W.  H.  Shaw  (2),  J. 
Mitchell  (3).     The  "B.S.M."  pick.     7.7.09. 

(P.)  318/09.  J.  Oliver.  Improvements  in  the 
lining  of  tube  mills  and  tbe  like.     7.7.09. 

(P.)  319/09.  G.  II.  Kirsch.  Improvements  in 
tube  mill  lining.     7.7.09. 

(P.)  320/09.  J.  H.  Anton.  Improvements  in 
means  for  arresting  the  movement  of  trucks  or  other 
vehicles  in  the  event  of  the  reversal  of  their  direction 
of  travel.     9.7.09. 

(C.)  321/09.  G.  Lezinsky.  Improvements  in 
explosive  compounds  and  manufacture  of  the  same. 
9.7.09. 

(C.)  322/09.  A.  A.  Lockwood.  Treatment  of 
ores  and  carboniferous  earths  and  to  the  treatment 
of  nils  for  this  purpose.     9.7.09. 

(P.)  323/09.  H.  Schwarz.  Improvements  in  rock 
drill  valves.     9.7.09. 

(C.)  324/09.  W.  A.  F.  Black.  Improvements  in 
primary  batteries.     10.7. 09. 

(P.)  325/09.  A.  Y  Niven.  Improvements  in 
tube  mill  lining  means.     10.7.09. 

(C.)  326/09.  B.  E.  D.  Killmrn.  Improvements 
in  or  relating  to  explosives.     12.7.09. 

(C.)  327/09.  B.  E.  D.  Kilburn.  Improvements 
in  or  relating  to  explosives.     12.7.09. 

(C.  328/09.  H.  Perrins.  Improvements  in  wheels 
for  motor  and  other  road  vehicles.     12.7.09. 

(P.)  329/09.  P.  T.  Dunton.  Tube  mill  feeders. 
12.7.09. 

(P.)  330/09.  Hans  Charles  Behr.  Improvements 
in  pipes  for  conveying  corrosive  or  abrasive  matter. 
15.7.09. 

(P.)  331/09.  William  George  Manners.  An 
improved  centrifugal  filtering  machine.     15.7.09. 

(P.)  332/09.  John  Roberts.  Wind  cooling  tower. 
16.7.09. 

(C.)  333/09.  William  Miller.  Improvements  in 
crucible  furnaces.     16.7.09. 

(C.)  334/09.  Hon.  Charles  Algernon  Parsons. 
Improvements  in  and  relating  to  dynamo  Electric 
machinery.     16.7.09. 

(C. )  335/09.  George  Harrison  Sheffield  ( 1 ),  James 
Denis  Twinberrow  (2).  Improvements  in  and  con- 
nected with  bogies  for  rolling  stock.     16.7.09. 

(I'.)  337/09.  Hans  Charles  Behr.  Improvements 
in  means  for  storing  and  transporting  ore  in  connec- 
tion with  reduction  mills.     16.7.09. 

(P.)  338/09.  Hans  Charles  Behr.  Improvements 
in  internal  combustion  percussive  apparatus.   16.7.09. 

(P.)  339/09.  Edward  Jacob  Las chinger.  Improve- 
ments in  stamp  batteries.     20.7.0!). 

(P.)  341/09.  C.  Bosch  (1),  11.  Keller  (2).  Im- 
provements in  the  absorption  of  oxides  of  nitrogen. 
22.7.09. 

(P.)  342/09.  G.  A.  Mower  (1),  F.  W.  R.  Wil- 
liams (2).  Improvements  in  ore  feeders  for  stamp 
mills.     23.7.09. 

(P.)  343/09.  T.  Bubola.  Piocess  of  treating 
crushed  ore  with  liquid.     23.7.09. 

'(C)  344/09.  T.  Bubola.  Apparatus  for  treating 
crushed  ore  with  liquid.     23.7.09. 

(P.)  345/09.  A.  J.  Arbuckle.  Improvements  in 
straightway  valves.     24.7.09. 


(P.)  346/09.  Improvements  relating  to  vats, 
tanks  or  vessels  for  separating  solids  from  liquids, 
24.7.09. 
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Fig.  1. — Wrought  iron,  x  100  diameters. 

(  'ross  seel  ion. 


FlG.  '1. — Wrought  iron,   x  LOO  diameters 
Longitudinal  section. 
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Fig.  3.     Mild  steel,      100  diameter. 

0-2%  carbon. 


FlG.  t.     Broken  cam  shaft. 


pio.  5.— Part  of  camshaft,      I liametei 

Wrought  iron.      ( 'ross  section. 


Fig,  6.    Same  as  Fig,  5,      (00  diameter, 
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Fig.  7.— Part  of  cam  shaft,  x  100  diameter. 

.Mild  steel.     Cross  section. 


Fig.  S.  -Same  as  Fig.  7,      4ihi  diameter. 


Fig.  9.— Low  carbon  steel,      lOOdiameter. 
()•»(%  carbon. 


FlG,   10.      Medium  carbon  steel,    \  UK* 
diameter.     0,.jO%  Carbon. 


Fig.  1 1.     High  carbon  steel,      I I 

diameter.      0*75%  carbon. 


Fig.  12.     Bigb  carbon  steel,      100 
diameter.      1  '25     carbon. 


Supplement  to  the  Journal  of  The  Chemical,  Metallurgical  <{•  Mining  Society  of  S.A.       July,  1909.       Plate  III. 


Fig.  13  —Steel. 
Grain  size  at  900°C  (Campbell). 


FlG.   14.  -Steel. 
Grain  size  at  1-Mo  ('  (Campbell). 


Fig.  15     Steel. 
Grain  size  at  1300  C  (Campbell). 


'!<;.  Mi.— Steel  (forged).      Heated  to  800  C 
and  cooled  in  air.         100  diameters. 
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Fig.  17.    st«  el  (forged).    Heated  to  1000  C 
and  cooled  in  an.  KM)  diameter. 


Fig.  is.  -  Steel  (forged).     Heated  to  1000  C 
and  cooled  in  furnace.      •  ion  diameter. 
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Fig.  19.— Wire,   x  100  diameter. 
Regular  structure. 


Fig.  20.— Wire,  x  100  diameter. 
Longitudinal  section,  showing  cold  work. 


Fig.  21.     Wire,  x  mo  diameter. 

Longitudinal  section.     Distorted  grains 

and  cracks. 


FlG.  '22.     Polished  surface  with  large  crack 
(Ewring  &  Humphrey). 


Fig*  23, — Outside  section,  x400  diameter 
Before  use 


Fig.  24      Middle  section.      100  diameter, 
Before  use, 
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Fig. 'io.  —  Inner  section.      400  diameter. 
lie  fine  lisp. 


Fig.  26.-  Outer  section,      400  diameter. 
After  breaking. 


FIG.  -J7.     Middle  section,      t liameter. 

After  breaking. 


Fig.  28.     Inner  sed  ion,       100  'liameter. 
Wi'T  breaking. 
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Proceeding's 

AT 

Ordinary  General  Meeting, 
August   21,   1909. 

The  Ordinary  General  Meeting  of  the  Society 
was  held  in  the  Lecture  Theatre  of  the  Trans- 
vaal University  College,  on  Saturday  evening, 
August  21st,  Mr.  McArthur  Johnston  (President) 
in  the  chair.     There  were  also  present : — 

64  Members  :  Messrs.  W.  R.  Dowling,  Fraser 
Alexander,  £.  H.  Croghan,  K.  L.  Graham,  A. 
Richardson,  G.  O.  Smart,  Prof.  G.  H.  Stanley, 
A.  Whitby,  H.  A.  White,  Prof.  J.  A.  Wilkinson, 
J.  Littlejohn,  R.  G.  Bevington,  W.  A.  Caldecott, 
W.  Cullen,  S.  H.  Pearce,  J.  R.  Williams,  Prof.  J. 
Yates,  E.  L.  Adams,  H.  A.  Adams,  A.  A  vent,  E. 
Blume,  A.  J.  Bowness,  W.  Broom,  S.  Caris,  J. 
Carruthers,  F.  F.  Chapman,  F.  W.  Cindel,  M.  H. 
Coombe,  J.  F.  Ferguson,  A.  Gillies,  G.  Goodwin, 
J.    H.    Harris,  A.   H.   Hartley,   C.    B.    Hilliard, 

J.  H.  Johnson,  J.  Acheson  Jones,  T.  W.  Jordan, 

J.    Kennedy.    J.    F.    Mitchell,    P.    T.   Morrisby, 

M.  T.  Murray,  S.   Newton,    C.   F.    I  arry,    V.   1  >. 

Phillips,    W.    S.    V.    Price,    S.    C.   Quin,   L.   J. 

Robinson,  N.  Rodgers,  A.  Salkinson,  H.  A.  Scarf, 

W.  Sharp,  A.  M.  Sim,  A.  L.  Spoor,  R.  S.  Stokes, 

C.  T.  Sydenham,  J.  A.  Taylor,  A.  Thomas,  K. 

Tonnesen,  J.   F.    Walker,   J.    P.    Ward,    F.    W. 

Watson,  P.  H.  M.  Whyte  and  L   J.  Wilmoth. 
29   Associates  and  Students:     Messrs.  A.    1!. 

Adams,  A.  G.  Anderson,  C.J.  Crocker,  J.  Cronin, 

C.    N.    Davies,    C.    L.    Dewar,    R.    Fiander,    .1. 

Gibson,    H.    W.    Graham,    P.    H.    Grumitt,    C. 

van  Hasselt,   W.  J.   R.    Hunter,   A.  King,  H.  (>. 

Kirkland,    H.    Lomberg,    W.    H.    Odgers,     W. 

Parlitt,  ,J.  G.  Peebles,  H.  B.  Powter,  A.  Radley, 

W.  G.  Reefer,  II.  Stadler,  \Y  A.C.  Tayler,  G.  <':. 

Thomas,  W.  E.  Thorpe,  C.  Toomba  and  A.   L. 

Wright. 

22  Visitors,  and  Fred.  Rowland,  Secretary. 
The    minutes    of    the    previous    meeting,    as 

printed  in  the  July  Journal,  were  confirmed. 

SEW    MEMBERS. 

Mr.  J.  R.  Williams  and   Prof.  .1.   Yates   were 
appointed  scrutineers,  and  after  their  scrutiny  of 


the  ballot  papers,  the  President  announced  that 
all  the  candidates  for  membership  had  been 
unanimously  elected,  as  follows  : — 
Adams,  Alfred  Charles,  Simmer  &  .lack  Pro- 
prietary Mines,  Ltd.,  P.  ().  Box  192,  Germiston. 
<  lyanider. 
Buuren,  William  van,  Crown  Mines,  Ltd..  P.  *  >. 

Box  Ki-2,  Fordsburg.     Mill  foreman. 
CHILTON,  James,  Village    Main    Keel    <;.    M.    Co., 
Ltd.,   P.   ().    Box   1091,  Johannesburg.      Miner. 
( Transfer  from  Associate  Roll.) 
Coll,    DANIEL,    .lumpers    <;.    M.   Co.,    Ltd.,   Cleve- 
land.    Cyanider. 
Donaldson,  Thomas,  Dynamite  Factory,  Modder- 

fontein.     Technical  Chemist. 
Hurlbatt,  Charles,  Eldorado  Mine,  Lomagundi. 

S    Rhodesia.     Mill  Manager. 
Morris,  James  William  Henderson,  East  Land 
Proprietary   Mines,    Ltd.,   P.   O.    Box  .ST.    East 
Rand.     Assayer. 
MURNING,   JOHN,    Luipaardsylei    Estate    &    <;.    M. 
Co.,  Ltd.,  P.  O.  Box  53,   Krugersdorp.     Tube- 
miller. 
Osterloh,   Ernest  Albert,  Simmer  Deep,  Ltd., 
P.   O.   Box    178,  Germiston.     Slimes    Foreman. 
( Transfer  from  Associate  /,'"//.) 
Rascher,     Louis    Hugo,     Wit  water.- rand     Deep, 
Ltd.,    P.   O.    Box  5,    Knights.     Assistant    Mine 
Surveyor. 
Reynol1  s,  JAMES,  Consolidated  Langlaagte  Mines, 
Ltd.,  I-.  0.  Box  25,  Langlaagte      Mill  Foreman. 
Scotland,  Robert  Duncan,  East    Band  Proprie- 
tary  Mines,  Ltd.,   P.    O.    Box   37,    East    Band. 
Assayer. 
Tagoart,    Thomas,    Porges    Randfontein    (i.    M. 

Co.,  Ltd.,  Randfontein.     Mill  Manager. 
Tayler,   Walteb   Alfred  Charles,  Simmer  >v 
Jack    Proprietary   Mines,  Ltd.,   P.   <  >.  Box    L92, 
Germiston.    Cyanide  Foreman.     (Transfer from 
. Issociate  /<"//. ) 
Thorburn,    John    Mackay,    P.    <  >.     Box    3427, 

Johannesburg.  Analytical  Chemist. 
Toombs,  Christopher,  East  Rand  Proprietary 
Mines,  Ltd.,  P.  ().  Box  159,  Bast  Hand.  Metal- 
lurgical Chemist.  {Transfer from  Associati  /•'«//). 
Wklls,  Frank,  Robinson  Deep  G.  M.  Co.,  Ltd., 
1'.  0.  Box  1488,  Johannesburg.     Amalgamator. 

The  Secretary  :  Since  the  last  meeting  of 
the  Society  the  following  ha\e  been  admitted  by 
the  ( louncil : — 

A.!  Associates. — 
Chomley,  William  Burgh,  Day  Dawn,  Western 

AusI  r.ilia.      Cyanider. 

Cook,  Basil,  Vogelstruia  Consolida  e»l  Deep,  Ltd., 

I*.  <  >.  Box  3,  Florida.     Assayer. 
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Crea,  John  M.,  Simmer  and  Jack  Proprietary 
Mines,  Ltd.,  P.  O.  Box  192,  Germiston.  Tube- 
miller. 

Dixon,  John  McKay,  Simmer  and  Jack  Proprietary 
Mines,  Ltd.,  P.  O.  Box  192,  UeVrniston.  Assist- 
ant Mill  Foreman. 

Donald,  Henry  Stone  Hutcheon,  Princess  Estate 
and  G.  M.  Co.,  Ltd.,  P.O.  Box  112,  Roodepoort. 
Mining  Engineer. 

Fox,  GEORGE  WILLIAM,  Simmer  and  Jack  Proprie- 
tary Mines,  Ltd.,  P.  O.  Box  192,*  Germiston. 
Cyanider. 

Hunter,  William  John  Russell,  Simmer  and 
Jack  Proprietary  Mines,  Ltd.,  P.  O.  Box  192, 
Germiston.     Cyanider. 

JOHNSON,  Cecil  ROBERT,  Simmer  and  Jack  Proprie- 
tary Mines,  Ltd.,  P.  O.  Box  192,  Germiston. 
(  \  anider. 

Jupp,  Herbert  Lauder,  French  Band  G.  M.  Co., 
Ltd.,  P.  O.  Box  30,  Luipaardsvlei.     Cyanider. 

KING,  ANDREW,  Knights  Deep,  Ltd.,  P.  O.  Box  143, 
Germiston.     Cyanider. 

Lewis,  ARTHUR,  Simmer  and  Jack  Proprietary 
Mines,  Ltd.,  P.  O.  Box  192,  Germiston.  Mill- 
man. 

LoMBERG,  Henry,  Simmer  and  Jack  Proprietary 
Mines,  Ltd.,  P.  O.  Box  192,  Germiston.  Assist- 
ant Smelter. 

Mackilligan,  Hector  Rannie,  South  Kalgurli 
G.  M.  Co.,  Ltd.,  Fimiston,  Western  Australia. 

Martin,  William  Alexander,  Robinson  Deep 
G.  M.  Co.,  Ltd.,  P.  O.  Box  14S8,  Johannesburg. 
Cyanider. 

Meredith,  Vaughan  Wilson,  Princess  Estate  and 
G.  M.  Co.,  Ltd.,  P.  O.  Box  112,  Roodepoort. 
Mill  Manager. 

McAlister,  Alister  Gordon,  Jumpers  Deep,  Ltd., 
P.  O.  Box  1,  Cleveland.     Assistant  Surveyor. 

New,  WILLIAM  Stanley,  Simmer  and  Jack  Proprie- 
tary Mines,  Ltd.,  P.  O.  Box  192,  Germiston. 
Cyanide  Learner. 

Packman,  Augustus  Frederick,  Princess  Estate 
andG.  M.  Co.,  Ltd.,  P.  ().  Box  112,  Roodepoort. 
Cyanider. 

Schaefer,  Benjamfn,  Simmer  and  Jack  Proprietary 
Mines.  Ltd.,  P.  O.  Box  192,  Germiston.   Cyanider. 

Taylor,  Hamish  Ernest  Oliff-,  Princess  Estate 
and  G.  M.  Co.,  Ltd.,  P.  O.  Box  112,  Roode- 
poort.    Cyanider. 

WARD,  Harry,  Vogelstruis  Estates  and  G.  M.  Co., 
Ltd.,  P.  O.  Box  116,  Ptoodepoort.   Amalgamator. 

Whittuck,  William  Henry  Giffard,  Troitzk 
Goldfields,  Ltd.,  Kotchkar,  Orenburg  Govern- 
ment, Russia.     Metallurgist. 

Willcox,  Alexander,  New  Rietfontein  Estates 
G.  M.  Co.,  Ltd.,  P.  O.  Rietfontein  Mines.  Tube 
Mill  Foreman. 

As  Students. — 

Bolt,  Walter  Carl.  Simmer  and  .Jack  Proprietary 
Mines,  Ltd.,  P.  O.  Box  192,  Germiston.  Cyanide 
Learner. 

Botha,  Fritz  Alexander,  simmer  and  Jack  Pro- 
prietary Mines,  Ltd.,  P.  ().  Box  192,  Germiston. 
Tube  Mill  Learner. 

Chadwick,  Herbert  Hamilton,  Robinson  Deep 
G.  M.  Co.,  Ltd.,  P.  0.  Box  1488,  Johannesburg. 
Cyanide  Learner. 

Hains,  Arthur  Rutherfoord  Bolt,  Robinson 
Deep  G.  M.  Co..  Ltd..  .11.  Becker  Street,  Yeo- 
ville,  Johannesburg.     Mill  Learner. 

Medlin,  Edward  James  George,  Rose  Deep,  Ltd., 
P.  0.  Box  6,  Germiston.     Tube  Mill  Learner. 


Mortimer,  Norman,  Robinson  Deep  G.M.  Co., Ltd., 

P.  O.  Lux  L488,  Johannesburg.  Cyanide  Learner. 

Musson,  Gordon,  Robinson  Deep  G.  M.  Co.,  Ltd., 
P.  O.  Box  14S8,  Johannesburg.  Tube  Mill 
Learner. 

O'Brien,  Horace  Vincent,  Simmer  and  Jack 
Proprietary  Mines,  Ltd.  .  P.  O.  Box  192,  Ger- 
miston.    Cyanide  Learner. 

Radley,  Andrew,  Simmer  and  Jack  Proprietary 
Mines,  Ltd.,  P.  O.  Box  192,  Germiston.  Reduc- 
tion Works  Learner. 

Reeler.  William  George,  Simmer  and  Jack  Pro- 
prietary Mines,  Ltd.,  P.  O.  Box  192,  Germiston. 
Extractor  House  Leainer. 

Rowe,  John  Lofflin,  Nigel  Deep,  Ltd.,  P.  O.  Box 
50,  Nigel.     Assay  Learner. 

Stewart,' Victor  Mallet  James,  Robinson  Deep 
G.  M.  Co.,  Ltd.,  P.  O.  Box  1488,  Johannesburg. 
Cyanide  Learner. 

Smith,  Harold  James,  Robinson  Deep  G.  M.  Co., 
Ltd.,  P.  O.  Box  1488,  Johannesburg.  Cyanide 
Learner. 

The  President :  I  think  it  is  a  very  good  sign 
of  the  prosperity  of  the  Society  that  at  this 
meeting  we  have  53  new  members,  associates, 
and  students  brought  forward.  It  is  also  satis- 
factory to  note  that  we  have  no  less  than  six  Past- 
Presidents  of  the  Society  present  this  evening. 
We  have  not  always  that  pleasure. 

General  Business. 

The  Secretary  :  I  have  received  the  follow- 
ing note  from  Capetown  : — 

Mr.  A.  A.  Coaton  (Member) :  I  would  like  the 
Council  to  consider  the  advisability  or  otherwise 
of  having  the  agenda  portion  of  the  journal 
printed  only  on  one  side  of  the  paper.  The  other 
side  could  either  be  left  blank,  or  could  be  let 
out  for  advertisements.  In  the  former  case,  the 
blank  space  would  prove  very  useful  for  notes, 
remarks,  etc.,  and  in  the  latter  case  the 
additional  revenue  should  more  than  cover  any 
extra  postage  entailed  by  the  increased  bulk.  In 
either  case  members  could  then  dissect  their 
journals  for  riling  purposes,  without  any  fear  of 
destroying  valuable  matter  on  the  other  side. 

Of  course,  no  alteration  need  be  made  in  the 
present  form  of  the  bound  volumes. 

The  President  :  This  matter  will  be  brought 
before  the  Council  at  its  next  meeting. 

RAPID    ECONOMICAL    METHOD    OF    MAKING    SILVER 
AMALGAM. 

Mr.  E.  H.  Croghan  (Member  of  Cowncii) :  In 
the  November  Journal  of  last  year  Mr.  Caldecott 
gives  a  met  hod  as  described  by  Louis.  Recently 
a  large  quantity  was  required  at  very  short 
notice,  and  Mr.  Gillies  and  I  were  reque.-ted  to 
make  the  amount  within  a  few  hours,  and  as 
cheaply  as  possible.  In  view  of  this,  we  naturally 
could  not  use  silver  nitrate  ready  made,  so  we 
obtained  some  standard  silver.  <  )bviously  it 
was  quite  out  of  question  adopting  the  method 
of  Louis,  so  the  following  process  was  evolved. 
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The  crude  silver  is  dissolved  in  dilute  HN03 
(1  :  1),  avoiding  unnecessary  excess,  in  a  porce- 
lain basin  with  the  aid  of  gentle  heat.  About  an 
equal  volume  of  ordinary  water  is  added,  and  the 
silver  precipitated  by  a  strong  solution  of  ci  n 
mercial  NaCl.  (This  is  conveniently  done  in  a 
large  wide-necked  stoppered  bottle  and  well 
shaken  after  each  addition  of  NaCl  solution.) 
The  precipitate  of  AgCl  is  allowed  to  subside, 
the  supernatent  liquid  poured  off,  and  the  preci- 
pitate thoroughly  washed  by  decantation.  Trans 
fer  precipitate  to  a  double  cloth  filter  (an  ordinary 
linen  handkerchief  is  very  convenient)  and  hand 
squeeze  AgCl  into  a  lump,  which  is  then  easily 
removed  to  a  porcelain  basin.  Add  HC1  (1:1) 
and  a  good  number  of  3  in.  wire  iron  nails,  and 
gently  heat  producing  a  vigorous  action  until  all 
the  AgCl  is  reduced  to  amorphous  silver,  stirring 
with  a  glass  rod  from  time  to  time.  The  whole 
reaction  takes  a  very  short  period.  Thoroughly 
wash  by  decantation,  picking  out  any  undissolved 
iron  nails.  Transfer  amorphous  silver  to  a 
porcelain  mortar,  add  a  slight  excess  of  mercury 
and  rub  well  with  pestle.  The  amalgam  thus 
formed  is  washed  several  times  with  ordinary 
water,  keeping  the  amalgam  worked  with  the 
hand.  When  bright  and  clean,  it  is  squeezed  in  a 
cloth  to  remove  excess  of  mercury,  leaving  a 
clean  silver  amalgam.  By  this  process  100  oz. 
of  silver  amalgam  can  easily  be  made  in  three 
hours. 

The  process  is  exceedingly  cheap,  the  only  so- 
called  expense  being  the  initial  crude  silver.  As 
a  suggestion,  instead  of  possibly  wasting  Ag(  I 
residues  on  the  mines,  these  could  easily  be 
worked  up  at  any  time  into  silver  amalgam  by 
the  assayer  or  other  competent  person.  All 
materials  are  in  situ,  viz.,  AgCl,  HC1,  wire  iron 
nails  or  pieces  of  scrap  iron  and  mercury,  etc.  If 
the  amalgam  is  always  squeezed  under  similar 
conditions,  it  is  a  simple  matter  to  state  what 
quantity  of  mercury  should  be  added  to  have  the 
consistency  required  for  practical  use,  or  it  ran  he 
left  to  the  judgment  of  the  amalgamators  them 
selves. 

In  conclusion,  we  would  state  that  a  satisfac- 
tory product  is  only  obtained  with  freshly  made 
amorphous  silver. 

The  President  :  I  am  sure  we  must  all 
thank  Mr.  Croghan  for  bringing  forward  this 
note,  showing  a  quick  and  practical  method  for 
obtaining  silver  amalgam. 

THE   GASES    RESULTING    FROM    THE    USE    OF     BIGH 
EXPLOSIVES. 

Mr.  W.  Cullen  (Past  President)  :     My  atten- 
tion has  been  drawn  to  a  slight   omission   on    my 
part  in  connection  with  the  paper    I    read   bi 
the  Society.     I  find,  on  going  through  the  bye- 


laws,  that  I  have  not  fully  conformed  to  para- 
graph 14  which  says,  among  other  things,  that 
the  composition  of  the  body  with  which  I  am 
dealing  should  he  disclosed.  This  1  avoided  in- 
tentionally, because  at  the  time  the  paper  was 
written,  the  explosive  had  not  been  specially 
authorised  by  the  Inspector  of  Explosives.  I 
propose  to  remedy  that  omission  at  the  next 
monthly  meeting,  and  at  the  same  time  to  give  a 
few  interesting  results  obtained  since  writing  the 
paper,  with  regard  to  gases  given  off  in  the  burn 
ing  of  explosives. 

The  President  :  Do  I  understand  that  you 
are  going  to  tell  us  the  composition  of  this 
explosive  1 

Mr.  W.  Cullen:     Yes. 

THE   CONTINUOls    COLLECTION    OF 

SAND    FOR    CYANIDING. 


\\\  W.  A.  Caldecott  (Past-President). 


The  advance  since  the  war  in  metallurgical 
practice  on  the  Rand  has  left  little  to  be  desired 
in  the  percentage  recovery  of  gold  content  of 
the  ore  now  economically  practicable.  Given 
adequate  plant,  a  total  residue  of  only  one-third 
of  a  pennyweight  of  fine  gold  per  ton  of  ore, — 
equivalent  to  seventeen  pence  in  value,  or  to  93% 
extraction  on  4  8  dwt.  ore  or  96%  on  8*3  dwt. 
ore — is  usually  obtainable  with  profit.  The 
increased  scale  of  operations,  together  with  many 
minor  improvements,  has  likewise  reduced 
working  costs  so  that  the  total  cost  of  ore 
treatment — including  surface  transport,  breaking, 
sorting,  stamp-milling,  tube-milling  and  cyaniding 
— has,  in  some  cases,  fallen  below  Is.  per  ton,  or 
less  than  the  value  of  one  dwt.  of  gold.  Our 
knowledge,  however,  of  what  may  be  profitably 
done  is  frequently  in  advance  of  what  it  is  actu- 
ally possible  to  do  with  the  existing  equipment  of 
many  reduction  plants.  The  enormous  scale  of 
operations  prevents  any  improvement  being 
considered  insignificant  in  the  aggregate,  whether 
in  the  percentage  recovery  of  the  gold  or  in  mor< 
economic  work  or  in  reduction  of  interest  and 
redemption  of  capital  sunk  in  plant. 

The  capital  expenditure  on  plant  still  remains 
absolutely  high  for  a  huge  modern  plant  handling 
several  thousand  tons  of  ore  daily.  Much  has 
been  saved  by  the  use  of  large  units  trucks, 
stamps,  tube-mills,  vats,  pumps,  piping  and  BO 
forth  -and  much  effort  is  at  present  being 
devoted  to  still  further  reducing  the  number  of 
crushing  units  needed  and  their  aggregate  cost. 
Afl  regards  the   secondary   treatment,  however, 

the  writer  was  authorised  in  the  beginning  of 
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1907  to  endeavour  to  effect  some  saving  in  the 
cost  of  the  usual  cyanide  plant.  On  consideration 
it  appeared  that  the  most  likely  prospect  of 
success  lay  in  eliminating  the  sand  collecting 
vats,  or  rather  in  utilising  them  for  treatment 
purposes  instead  of  merely  as  sand  storages, 
which  take  the  place  of  the  old  tailing  dams. 
The  upper  vats  of  the  superimposed  type  of  sand 
plant  were,  on  their  first  introduction  before  the 
war,  utilised  as  treatment  vats  as  well  as  sand 
collectors,  but  the  results  of  contamination  of 
mill  water  with  cyanide  caused  this  practice  to 
fall  into  disuse,  and  in  any  case  a  considerable 
time  elapsed  between  the  filling  of  a  vat  and  its 
charge  yielding  gold-bearing  solution  to  the  boxes. 
Hence,  although  it  reduced  cost  of  transfer  to  a 
minimum,  this  type  of  plant  fell  into  disuse  as 
being  expensive,  through  having  only  one-half 
its  capacity  available  for  extraction  purposes, 
and  was  replaced  by  separate  blocks  of  collectors 
and  leachers  (with  belt  or  truck  transfer)  in  the 
ratio  of  one  to  two  or  two  to  five,  which  is  now  the 
common  j^ractice. 

On  considering  how  to  utilise  sand  collecting 
vats  for  treatment  purposes  and  to  retain  their 
advantages,  including  minimum  ground  space 
required,  whilst  avoiding  the  difficulties  men- 
tioned, the  problem  became  essentially  that  of 
continuously  removing  the  water  and  slime  from 
the  tailing  pulp  so  as  to  leave  the  sand  in  proper 
condition  for  cyanide  treatment.  The  use  of 
conical  classifiers  appeared  the  most  ready  means 
of  removing  the  great  bulk  of  the  slime  and 
water,  and  in  the  early  part  of    1907    the    writer 


tried  at  the  Knights  Deep  Simmer  East  joint 
plant  various  combinations  of  such  classifiers 
with  other  devices  for  removing  the  surplus 
moisture  from  the  thick  sand  pulp  underflow  of 
the  classifiers.  The  ordinary  type  of  slime  filter 
with  vertical  filter  leaves  was  obviously 
inapplicable  for  the  purpose,  and  at  the  same 
time  a  continuous  non-intermittent  action  was 
desirable,  whilst  the  question  of  washing  the 
sand  cake  on  the  filter  did  not  arise  at  this  stage. 
Simplicity  as  well  as  economy  of  operation  were 
needed,  and  obtaining  the  necessary  feature  of 
large  capacity  was  facilitated  by  the  more  porous 
nature  of  sand  than  slime.  All  things  considered 
a  horizontal  type  of  vacuum  filter  finally  appeared 
the  most  feasible  device.  The  first  filterconstructed 
on  this  principle  was  a  horizontal  launder  with 
false  filter-cloth  bottom,  below  which  a  vacuum 
was  maintained.  The  sand  pulp  was  continuously 
fed  into  the  filter  launder  at  one  end  and  scraped 
slowly  forward  by  a  belt  scraper  conveyor  to  the 
other.  Whilst  a  certain  measure  of  success  was 
thus  attained,  the  continuous  movement  and 
disturbance  of  the  layer  of  sand  pulp  undergoing 
filtration  prevented  efficient  removal  of  moisture, 
and  the  trial  of  another  filter  of  the  same  type 
but  with  a  worm-scraper  conveyor  yielded  no 
better  results. 

Finally  there  was  installed  a  slowly  rotating 
horizontal  filter,  which  proved  so  satisfactory 
that  little  modification  in  its  design,  except 
increase  in  dimensions  and  variation  in  details  of 
driving  mechanism,  has  since  been  made.  (See 
Photograph  A.)     This  sand   filter   was    10  ft.  in 


Photo  A.— 10  ft.  sand  filter  table  erected  at  Knights  Deep-Simmer  East  joint  plant  (1907). 
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external  diameter  and  consisted  of  an  annular 
launder  12  ins.  wide  containing  a  filter  cloth  upon 
a  grating  as  a  false  bottom.  The  filtering  area 
was  thus  28-3  sq.  ft.  The  space  under  the  filter 
•cloth  was  connected  by  means  of;  radial  pipes  to  a 
central  hollow  spindle,  in  whim  a  vacuum  was 
maintained  from  a  receiver.  To  the  lower  portion 
of  the  receiver  was  connected  a  water  pump  and 
to  the  upper  a  vacuum  air  pump. 

This  filter  gave  such  promising  results,  by 
handling  sand  in  unwashed  sand  pulp  at  the  rate 
of  up  to  200  tons  per  day,  that  another  15  ft.  in 
external  diameter  and  with  18  ins.  filtering 
breadth  was  constructed  at  the  Knights  Deep. 
Among  other  results  over  1,600  tons  of  sand  were 
eollected  by  this  filter  and  transferred  by  belt 
to  the  leaching  vats,  and  when  treated  yielded 
somewhat  better  extraction  than  usual.  This 
arrangement  is  seen  in  Photograph  B.  (see  p.  45)  as 
well  as  in  Fig.  1.,   except   that   no  washing  cone 


the  product  was  excellent  and  fall  was  saved,  the 
capacity  of  this  device  of  about  140  tons  of  sand 
per  day  was  far  below  that  of  the  filter  table, 
and  hence  inadequate  as  a  unit  for  a  large  plant. 
At  the  present  time  the  underflow  of  the 
primary  cones  at  this  installation,  being  too  low 
to  gravitate  upon  the  tab  ,  is  mixed  with  slimy 
water  from  the  tailing  pulp  to  form  a  fluid  pulp 
and  pumped  into  a  secondary  cone,  placed  above 
the  table  and  delivering  upon  it  a  thick  flow  of 
pulp  containing  about  30%  of  moisture  To 
ensure  a  thick  steady  underflow  of  pulp  in  large 
amount,  a  disc,  which  1  have  termed  a  diaphragm, 
is  placed  near  the  bottom  I  the  cones,  which  are 
run  nearly  filled  with  settled  sand.  This  device 
has  been  adapted  for  tnl>  milling  classification, 
and  its  use  for  this  purpi  le  has  been  more  fully 
described  elsewhere.1'  The  sand  from  which  the 
surplus  moisture  is  removed  during  the  almost 
complete    circuit    of    the    Hltcr,   is    continuously 


FlG.  I. — Diagram  of  sand  plant  with  belt  transfer  of  sand  to  vat  from  sand  filter  table. 


was  installed,  although  shown  in  the  latter.  This 
system  is  hence  quite  practicable,  and  has  the 
advantage  of  completing  the  sand  treatment  in 
one  vat  without  subsequent  transfer,  but  the  belt 
installation  may  be  somewhat  expensive  and  it  is 
required  to  run  as  continuously  as  the  mill,  whilst 
the  vat  capacity  available  is  not  fully  utilised 
since  cyanide  treatment  does  not  begin  immedi- 
ately the  sand  leaves  the  filter  table. 

In  the  early  part  of  1908,  owing  to  lack  of 
space  for  such  work  on  the  Knights  Deep,  this 
15  ft.  sand  filter  was  transferred  to  the  Simmer 
and  Jack  and  a  long  series  of  systematic  trials 
•carried  out  ;  this  filter  was  subsequently  taken 
into  regular  use  by  the  Simmer  and  Jack  Pro- 
prietary Mines  and  is  still  working.  Whilst  in 
the  experimental  stage  an  attempt  was  made  to 
deliver  to  it  a  very  thick  pulp  by  separating  the 
sand  in  the  underflow'  of  the  primary  cones  from 
excess  of  slimes  and  water  by  means  of  a  belt 
scraper  conveyor,*  working  in  a  wide  box  with 
one  sloping  side  (Photograph C.)  (see  p. 47).  Whilst 

*So<.  McDermott  &  Duffield's  "Losses  in  Gold  Amalgamation" 
(1890)  p.  32;  and  .1  «'.  Scobey  in  [ngalls'  "Metallurgical 
.Mill  Construction"  (1906)  p.  216. 


scraped  off  by  a  fixed  inclined  plough  some  three 
feet  behind  the  point  oJ  onflow.  It  falls  into  a 
hopper  where  it  mixes  with  a  stream  of  cyanide 
solution  and  is  pumped  to  the  distributor  of  the 
collecting  and  treatment  vat,  while  the  solution 
overflows  to  a  solution  storage  and  is  returned  by 
a  pump  to  the  hopper,  thus  completing  the  circuit. 
In  this  way  the  transfei  of  the  sand  from  the  filter 
to  the  vat  is  effected  as  a  pulp,  and  an  excellent 
start  of  the  dissolving  operation  is  made  by  the 
agitation  and  aeration  the  sand  undergoes  in  the 
pump,  and  during  its  navel  along  the  delivery 
pipe  or  launder  to  the  c<  llecting  vat.  The  system 
of  solution  transfer  h  -  the  advantage  of  great 
flexibility  and  relatively  small  cost  of  installa- 
tion, whilst  the  opera'  i  v  cost  is  mainly  that  of 
power  and  maintena  •  of  centrifugal  pump 
liners  and  propellers.  The  dissolving  of  the  gold 
in  the  sand  hence  begins  on  falling  into  the 
hopper,  writhin  say  hal  an  hour  after  the  ore  is 
crushed,  and  by  the  me  the  vat  is  tilled  and 
drained  half  the  gold  in  the  sand  is  dissolved. 

An  important  featui  •  of  the,  Simmer  and  Jack 
trials    was    the    determination     of    the    relative 

See  this  Journal,  March,  [909  p.  §]  '. 
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Photo  C.  — i5  ft.  sand  filter  tahlf,'  as  shown  in  (1 
.Mines  (1908),  and  with  inclined  srcrapej  eonveyi 

extraction  yiehled  by  completing  the  treatmenl  oi 
the  sand  in  the  vat  where  collected,  as  compared 
with  the  result  of  transferring  the  char-' 
after  partial  treatment,  to  another  vat.  The  cm  ves 
obtained  (Figs,  Ua.  &6.)(seepp.  t8-49)shou  thai 
whilst  the  final  result  was  much  the  same  yet  the 
transfer,  and  consequent  aeration  of  the  particles 
whilst  moistened  with  cyanide  solution,  ensured 
a  quicker  dissolution  of  gold,  so  that  whil 
days  actual  treatment  sufficed  with  transfer,  nine 
days  were  required  to  complete  the  single  vat 
treatment. 

The   satisfactory   results    at    the  Simmer  and 
Jack  since  taking  the  sand  filter  into  regular  use, 
are  compared  with   the   results  on  the  remainder 
of  the  sand  plant  in  the  t able  Widow  .     The  Simmer 
and  Jack  sand  plant  consists  of  separate  bl  icks  of 
collecting   vats,    fitted     with     Butters    &    Mein 
distributors,    and    leaching    vats    to    which    the 
charges  after  collection  and   draining   are  trans 
ferred  by    truck.     Some    i  f   the   co     ctoi 
arranged     to    receive     the     sand  solul ion 
pumped  from   t he   hopper   beside  th     sand   filter 
table,   and   these   charges    after  dra 
extractor   boxes   were   transferred   to   the  ■  ■ 
ponding  leaching  or  second  treatmen 
remainder  of  the    plant    was   run    as    usual.      The 


\),  hut  after  Transfer  to  Simmer  &  Jack   Proprietaij 
ivering  sand  from  un  lerflow  of  cones  to  filter. 

15  ft.  table  has  been  in  regular  use  from  the  end 

of  last  year  and  has  handled  Up  to  10,000  tons 
of  sand  per  month.  The  following  comparative 
results  are  averages  from  January  to  duly, 
inclusive  of  this  year  of  ordinary  and  continu- 
ously collected  sand  : — 


( lontimious 

Ordinary 

1 

- 

Tons    of   sand    treat'  d 

monthly 

7,937  tons 

37,009  tons 

( Irading  analysis — 

+  60  ((VolO  in.) 

12-9% 

10-9% 

-60  +  90 

32-7% 

24-1% 

-90  (0-006  in.) 

54-4% 

65-0% 

Ratio  of  solution  tosand 

applied    as  washes  to 

(diai 

1-54  :  1 

2-02  :  1 

ber  of   days    treat- 

ment   in    second   vat 

after    truck    transfer 

4-09  days 

6-50  days 

A.ssay     value    of    last 

drainings 

0-083  dwts. 

0-200  dwts. 

Assay     valui      ■■       -and 

Indole  t reat ment   ... 

2-591  dwts. 

2-510  dwts. 

value    of    sand 

after  treal menl 

0-454  dwts. 

0-462  dwts. 

l'erc                  .:  raction 

82  i;~ 

81-59 
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It  will  be  observed  that  owing  to  the  more 
perfect  elimination  of  slime  the  sand  filter  product 
is  coarser  and  richer  than  the  ordinary  sand,  and 
that  the  solution  precipitated  and  the  time  of 
treatment  in  the  secondary  vats  are  much  less  with 
filter-table  sand  than  ordinary  sand.  The  assay 
values  of  the  last  drainings  and  of  the  residues  are 


in  favour  of  filter-table  sand,  whilst  the  percentage 
extraction  likewise  compares  favourably. 

Early  in  the  present  year  two  20  ft.  diameter 
sand  filters,  each  with  filtering  launder  30  in. 
wide  and  1 3 7 •  5  sq.  ft.  in  area,  were  installed  at 
the  Simmer  Deep-Jupiter  joint  plant,  and  after 
some  preliminary  runs  have  handled  all  the  sand 


—O  -  5-803  0WTS 


'oa'/.  ^rjg  ovrn 


Curve  for  Double  Treatment. 


Average  of  Vats,  D.2,  D4,  D5,  D7,  E2,  E4  and  E7. 

Weight  of  Charge  ... 
Assay  Value  of  Sand  leaving  Table 
Percentage  of  Moisture  in  .Sand  leaving  Table 
Ratio  of  .Solution  to  Solid  in  Pulp  entering   1st  Treatment  Vat 
Undissolved  Gold  in  Sand  before  reaching  2nd  Treatment  Vat 
Percentage  of  Gold  dissolved  in  Sand  before  reaching  2nd  Treat- 
ment Vat   . 
Total  Residue 

Undissolved  Gold  in  Total  Residue 
Percentage  Extraction 
Tons  of  Solution  applied  per  ton  of  Sand... 

(hading  Analysis  of  Sand  from  Table  : — 

+  60  (-010  in.) 

-60  (-010  in.)  +  90(-00(i  in.) 

-90  (-006  in.) 


•247-14  tons 
3  803  dwts. 
is  s 

5-43  to  1 
1  45  rlwts. 

61  •£ 

■7".   i   dwts. 
•714  dwts. 

7'.!  59 

1-987  tons 

2824 
32-69 
3907% 

100  00 


Percentage  of  Slime       ...  ...  ..        0'7Q% 

Fig.  Ila. — Diagram  showing  rate  at  which  gold  is  leached  from  sand  with    ouble  treatment. 
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Curve  for  Single  Treatment. 


Average  of  Vats,  D„  D:!.  D6,  E5,  E,,  E3,  E,;  and  F8. 

Weight  of  Charge  ... 

Assay  Value  of  Sand  leaving  Table 

Percentage  of  Moisture  in  Sand  leaving  Table 

Ratio  of  Solution  to  Solid  in  Pulp  entering  1st  Treatment  Vat... 

Undissolved  Gold  in  Sand  after  CI  large   has  heen  collected  and 

drained 
Percentage  of  Gold  dissolved  in  Sand  after  Charge  has  been 

collected  and  drained 
Total  Residue 

Undissolved  Gold  in  Total  Residue 
Percentage  Extraction 
Tons  of  Solution  applied  per  ton  of  Sand 

Grading  Analysis  of  Sand  from  Table: — 
60  (-010  in.) 

(ill  (•Mill  in.)      'KM  -11111;  in.) 
'.in  ((mo  in.) 


24500  tons 
385  dwts. 

is -in  1 
1-38  to  1 

1-69.",  dwts. 

55  96  . 

•726  dwts. 
tiiil  dwts. 

si  i- 120% 
1  -99  tons 


■_'s:;-j 
3331 

:;s-;;: 

10000% 
0-95% 


eig.  m 


Percentage  of  Slime 
I  >iagram  show  ine  rate  at  which  gold  i-  leached  from  sand  with  single  t  reatment. 


produced  during  the  last  live  months,  up  to  2,600 

tons  of  ore  being  milled  at  times  per  -  1  working 
hours.  The  general  arrangement  of  this  installa- 
tion is  shown  schematically  in    Fig.  111.  (see  1 1    50) 

The  capacity  per  square  loot  of  filtering  area  of 
the  Simmer  Deep  sand  filters  is  about  50% 
greater  than  that  of  the  Simmer  and  .lack  filter, 
owing  to  the  slime  being  so  thoroughly  washed 
out  that  less  than  1%  remains  in  the  collected 
sand.      Indeed  the  whole  of  the  sand   product   of 


the  mill  up  to  over  one  ton  per  minute  is 
regularly  handled  bj  one  table  whilst   renewal  is 

taking  place  in  the  other  of  the  "  permanent  bed." 
This  is  the  term  applied  to  the  inch  or  so  of  sand 
on  the  filter  cloth  below  the  plough,  which 
becomes  in  time  compacted  ami  .-limy,  thus 
causing  the  vacuum  to  rise  and  reducing  the 
efficiency  of  the  filter.  As  a  rule  the  vacuum 
varies  between  •">  in.  and  L0  in.,  and  the  vacuum 
air  pump  and  tables  each  require  about  5  h.p.  to 
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Fit;.  III. — Diagram  of  sand  plant  with  pulp  elevation  between  primary  and  table  cones,  and  belt 
transfer  of  -.and  from  collector  to  treatment  vat. 


run.  The  pump  drawing  water  from  the  receiver  in 
which  the  vacuum  is  maintained  requires  about 
3  h.p.,  as  does  also  that  supplying  the  glands  of  the 
centrifugal  pump  which  elevates  the  sand-solution 
pulp  to  the  collecting  vats.  The  last  pump 
mentioned  is  the  main  source  of  power  consump- 
tion and  requires  40  h.p.  The  plough  is  merely 
a  thin  steel  sheet  with  a  renewable  wearing  edge, 
and  is  capable  of  being  raised  and  lowered  so  as  to 
periodically  remove  the  top  compacted  layer  of 
the  permanent  bed.  The  maintenance  on  the 
slow  moving  tables  (about  one  revolution  in  three 
minutes)  is  practically  nil,  though  wear  on  the 
centrifugal  pump  in  handling  even  somewhat 
fine  sand  takes  place. 

The  recent  remarkable  developmenton  the  Rand 
of  centrifugal  pump  elevation  of  pulp  has  greatly 
assisted  in  developing  the  method  of  solution-pulp 
transfer,  and  obviously  the  same  plan  could  be 
adopted  for  transferring  sand  from  the  collectors 
to  separately  placed  second  treatment  vats,  but 
for  new  plants  the  superimposed  vat  system 
(Fig.  V.)  (see  p.  52),  when  only  shovelling  down  is 
needed,  is  still  simpler  and  cheaper.  The  solution 
required  for  pumping  the  sand  as  pulp  is  about 
four  or  five  by  weight  to  one  of  sand  ;  the  ratio 
is  kept  as  low  as  is  ccmpatible  with  the  grade 
of  the  delivery  launder  or  pipe.  Whilst  collection 
is  still  proceeding,  and  before  the  vat  is  filled, 
the  leaching  off  of  solution  from  the  vat  is  begun, 
and  after  the  vat  is  filled  as  much  more  wash 
solution  is  applied  as  there  is  time  for  before 
transfer,  with  the  result  that  half  to  two-thirds  of 
the  gold  content  of  the  sand  is  in  the  zinc  boxes 
before  transfer  begins,  and  before  treatment 
would  commence  at  all  under  ordinary  practice. 
Before  delivering  the  sand-solution  pulp  to  a 
collector  the  latter  has  three  or  four  feet  of 
precipitated  sand  solution  pumped  into  it,  the 
exact  amount  being  regulated  by  that  which  is 
regularly  withdrawn  from  the  solution  transfer 
circuit,  in  the  shape  of  solution  leached  from  the 
collectors  for  precipitation  ;  in  this  way  an 
equilibrium  of  the  stock  of  transfer  solution  is 
maintained,  and  at  the  same  time  its  gold  value 
is  kept  low,  being  usually  under  0'2  dwts.  per 
ton.  It  is  found  that  the  best  work  is  done  and 
driest  sand  obtained  with  the  lowest  vacuum  ; 
owing  to  the  greater  volume  of   air  being  drawn 


through  with  a  more  porous  permanent  bed  ; 
when  this  has  lately  been  renewed,  the  moisture  in 
tin'  sand  removed  by  the  plough  is  about  1  3%,  and 
this  percentage  slowly  rises  up  to  soy  19'5%  imme- 
diately before  the  next  renewal.  In  the  Simmer 
Deep  installation  only  one  air  pump  is  at  present 
installed  for  the  two  tallies,  with  the  result  that 
that  filter  table  which  happens  to  have  the  more 
porous  lied  has  the  bulk  of  the  air  drawn  through 
its  sand,  to  the  detriment  of  the  other  filter. 
A  separate  air  pump  will  now  be  erected  for  each 
filter  table,  and  by  this  means  it  is  anticipated 
that  a  still  more  perfect  removal  of  moisture 
from  the  sand  on  the  filter  will  be  effected.  In 
a  sand  filter  installation  a  complete  spare  unit 
comprising  cones,  filter,  receiver,  vacuum  and 
water  pumps  is  advisable,  so  that  the  renewal  of 
permanent  bed  and  periodica]  overhauling  of 
pumps  can  take  place  at  leisure  without  taxing 
the  capacity  of  the  remaining  units. 

The  slime  overflowing  the  sand  collector  carries 
with  it  a  small  amount  of  fine  sand,  as  is  usual 
with  a  distributor,  especially  when  the  vat  is 
nearly  filled  with  sand.  This  sand'may  be  inter- 
cepted on  its  way  to  the  solution  storage  by 
means  of  one  or  more  cone  classifiers,  whose 
underflow  gravitates  back  to  the  sand-solution 
pump.  As,  however,  the  accumulated  slime  in 
the  bottom  of  solution  storage  is  periodically 
pumped  to  the  slime  plant  with  solution,  the  fine 
sand  may  be  removed  at  this  stage  by  cones  if 
preferred. 

The  following  are  the  costs  of  operation  per 
ton  of  ore  milled  of  the  Simmer  Deep  Jupiter 
sand  filters  for  the  last  two  months  (June  and 
July),  with  an  average  monthly  tonnage  of  70,883 
tons  of  ore  : — 

White  Wages     ...  ...   0369  pence. 

Native  Wages 0-046     „ 

Workshops         0-014     „ 

Stores 0-123     „ 

Power  0-387     „ 

Compound  ...  ...    0-035      ,, 


0  9  7  4  pence. 
Many    members  present   are  acquainted  with 
the  features  of  the  Simmer  Deep-Jupiter  installa- 
tion* (Photograph  D.jand  its  operation,  so  I  need 
S  e  il'i-  Jow  ,.    ).  May,  1909,  p.  402  et  seq. 
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PHOTO  D. —  20  ft.  sand  filter  tables  erected  at  Simmer  Deep-Jupiter  joint  plant  (1909). 


hence  only  recall  the  uniform  granular  sand 
product  free  from  .slime  or  lumps,  which  is  so 
readily  leached  and  aerated  in  the  vats.  The 
difference  between  a  washed  and  unwashed  sand 
residue  or  the  gold  content  of  washings  from  a 
residue  sample  is  hardly  appreciable,  thus 
evidencing  the  satisfactory  dissolving  and  leach 
ing  out  of  the  accessible  gold.  The  Simmer 
Deep-Jupiter  sand  plant  .vas  originally  designed 
on  the  ordinary  lines  with  separate  collectors  and 
leachers  and  belt  transfer.  As  erection  was 
begun  in  the  early  stages  of  the  sand  filter  trials 
the  only  change  made  during  erection  was 
omission  of  half  the  leaching  vats,  so  that  the 
plant  consists  of  ten  collectors  and  ten  leachers 
of  740  tons  each.  Even  these  are  not  all  required 
for  treatment  with  the  sand  filters,  two  being 
used  for  solution  storages  and  one  as  an  emer 
gency  vat  in  case  of  breakdown  of  the  sand 
filters.  Such  an  event  has  not  yet  occurred,  and 
by  adding  two  more  tables,  six  more  sand  vats, 
and  two  solution  storages  it  will  be  possible 
without  difficulty  to  handle  the  sand  from  I  20,000 
tons  of  ore  monthly  in  26  sand  vats  in  place  oi 
the  48  otherwise  required  under  ordinary 
conditions. 


One  somewhat  unexpected   result  of  the  cone 

classification  comprised  in  the  sand  filter  installa- 
tion is  the  appreciable  increase  in  the  slime 
tonnage,  which  may  be  taken  at  about  10%  off 
the  weight  of  the  ore  in  place  of  say  32%  other- 
wise to  be  expected.  This  is  mainly  due  to  the 
separation  as  slime  in  the  conical  classifiers  of 
-  l><>0-mesh  satal. 

The  combination  shown  in  Fig.  IV. 
next  page),  though  simple  and  saving  height 
in  both  elevations  of  the  pulp,  cannol  be  con- 
sidered a.  desirable  one  breauso  the  unwished 
sand  pulp  delivered  upon  the  filter  table  reduces 
the  capacity  of  the  latter  considerably,  and 
the  corresponding  less  perfect  elimination  ol 
slime  does  not  yield  so  porous  a  sand  product 
in  the  single  vat.  in  which  both  collection  and 
treatment  are  carried  OUt  without  further  trans 
fer  <f  sand.  Unwashed  sand  pulp  is  handled 
by  the  Simmer  and  Jack  table  with  subsequent 
truck  transfer  of  sand  from  collector  to  another 
vat,  and  yields  the  results  shown  elsewhere. 
The  increased  time  for  treatment  in  a  single 
vat  required  for  even  washed  sand  is  like 
wise  referred  to  in  another  portion  of  this 
paper. 
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FlG.  IV. — Diagram  of  sand  plant  with  delivery  of  unwashed  sand  pulp  to  filter  table,  and  with 
collection  and  treatment  of  sand  in  same  vat. 


The  schematic  arrangement  in  Fig.  V.  shows 
what  is  in  the  writer's  opinion  at  present  the  most 
suitable  type  of  plant  with  sand  filter  installation. 
The  superimposed  vat  system  under  these  con- 
ditions is  no  longer  open  to  the  objection  of 
contaminating  mill  service  water,  whilst  all  the 
vats  both  upper  and  lower  are  utilized  for  treat- 
ment, and  the  cost  of  installing  and  operating 
transfer  belts  or  trucks  is  done  away  with. 

The  collecting  vats  used  to  receive  the  almost 
slime-free  sand  solution  pulp  may  be  of  larger 
dimensions  than  usual,  as  settlement  of  slime  in 
layers  is  not  to  be  apprehended,  and  fewer  larger 
units  thus  employed  in  place  of  more  smaller 
ones.  For  the  same  reason  the  bulk  of  the  lime 
used  may  be  crushed  with  the  ore  in  the  battery, 
thus  reducing  the  separate  grinding  of  lime  in  a 
ball-mill  or  other  machine  to  occasional  periods 
when  unusually  acid  ore  is  being  delivered  to  the 
battery.  Naturally  the  use  of  sand  filters 
greatly  increases  the   capacity  of   existing  plants 


£3,04  S   10     0 


4    Filter    Tables    and    Launder 

complete 
1 6  Primary  Cones    ... 
12  Washing  Cones  ... 
12  Return  Sand  Cones 
4  10  in.  Sand  Pumps  complete 
Pumps,  etc.,  for  Filter  Tables... 
Sum} is,  etc. 
Solution  Storages     ... 
Treatment   Vats    and  Structure 
Main  Pump   House  and  Floors 
Gangways  and  Stairs 
Electrical  Work 
Painting    ... 


£42,17:.   15     0 
10V  contingencies   ...         4,217   11      6 
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Fig.  V. — Diagram  showing  main  features  of  VI.  in  elevation,  with  superimposed  primary  and  talile 
cones  as  well  as  superimposed  collecting  and  second  treatment  vats. 


whether  of  the  superimposed  or  other  type,  by 
converting  all  the  collectors  ;nto  treatment  vats. 
Schematic  arrangement  VT..(see  p.  53)  illustrates 
in  plan,  of  which  Fig.  V.  shows  the  main  features 
in  elevation,  a  design  for  a  plant  handling  the  sand 
from  5,350  tons  of  ore  per  day.  and  a  summarized 
estimate  of  the  cost  of  such  installation,  including 
a  complete  spare  filter  unit,  is  as  follows  : — 


The  following  is  an  estimate  of  a  plant  on  the 
ordinary  system  to  deal  with  sand  from  the  same 
ore  tonnage,  one-third  of  the  vats  luing  allocated 
for  collection  and  the  remaining  two-thirds  for 
treatment  purposes  :  the  capacity  of  the  latter 
affords  the  same  time  of  circuit  as  do  the  total 
sand  vats  with  continuous  collection  by  means  of 
sand  filter  tables. 
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Main  launder. 
Primary  cones. 
Washing  cones. 
Vacuum  Band  niter  tables. 
Return  Band  cones. 

Sand  pumps  from  primary  cones  t<>  table  cones. 
Sand  pumps  from  tables  to  vats. 
I  Underflow  from  primary  cones  to  pumps  "  6." 
Underflow  from  return  sand  cones  to  pumps  "6." 
( Overflow  from  primary  cones  to  return  sand  cones 
Overflow  from  return  -and  cones  to  slime  plant. 
Launder  from  pumps  '  <i     t < >  table  cones. 
Sand  and  -olu  i  ion  launders  from  tables  to  pumps  7 
Distributing  launders  from  pnmps  "7"  to  vats. 
20  ft.  overflow  Btimp  from  pumps  "6." 
Pump  for  emptying  snmp  "  16." 
40  ft.  overllow  sump  from  pnmps  "  7. " 
rum] i  for  emptying  sump  "  18." 
IG.  VI.     Diagram  showing  general  arrangement  in  \> 


pumps 


I  Vacuum  -and  filtei 
I  system. 


Receivers 
Vacuum 
Water  pumps 
.   Vacuum  pipes  from  tables. 
Solution  storages. 

7<i  ft.  collectors  with  treatment  vat-  below. 
Overflow  from  collectors  to  solution  storag 
Leaching  pipes. 
Sludge  pump  for  storages. 
Solution  pump  for  bydraulicking. 
Sludge  Miction  from  bottom  of  Btorages. 

Solut  ion  suet  ion. 

Bydraulicking  sen  ice 

Solution  to  table  launders. 

Water  service  to  underflow  from  primary 

and  return  -  md  cone-. 
Tracks  to  dump. 
line  sand  cones 
of  -and  plant  with  -and  tiller  table  installation. 
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Collecting  and  Treatment  Vats  ...  £14,000 

Super  and  Substructure      ...  ...  37,000 

Erection  of  Vats  and  Structure  ...  6,500 

Excavations          ...              ...  . ...  34 

Foundations         ...               ...  ...  750 

Leaching  Piping  (erected)  ...  ...  850 

Launders  to  Collectors         ...  ...  1,700 

Filter  Mats  and  Woodwork  ...  1,750 

Return  Sand  Spitzkasten    ...  . ..  1,500 

Transfer    Tracks,    Collectors  to  Treat- 
ment Vats    ...              ...  ...  800 

Discharge  Doors  for  Vats    ...  ...  1,800 

Tracks  under  Vats,  etc.       „  ,  ...  500 

Solution  Piping  (erected)    ...  ..  1,100 

Gangways,  Stairs,  Painting,  etc.  ...  500 

68,784 
+ 10%  Contingencies  ...         6,878 

£75,662 

For  both  these  estimates  I  am  indebted  to  Mr. 

G.  H.  Thurston,  and  the  comparison  shows  a  very 

considerable  saving  in  capital  expenditure  to  be 

effected  by  means  of  the  sand  filter  installation. 

The  advantages  which  sand  filters  present  are 
considerable  saving  in  capital  expenditure  both  for 
sand  vats  and  for  belt  or  truck  transfer  installa- 
tion, slightly  better  extraction  than  the  ordinary 
system  unless  prolonged  treatment  is  given,  a 
saving  with  superimposed  vats  of  belt  or  truck 
transfer  cost,  and  more  slime  to  be  treated  as 
such  at,  say,  6d.  per  ton  less  than  sand  in  vats  of 
slightly  increased  diameter.  Evidence  as  to 
reliability  in  practice  and  low  cost  of  operation 
has  been  given,  and  considerable  extension  of 
continuous  sand  collection  both  for  new  plant  and 
for  increasing  the  capacity  of  existing  plants  is 
now  being  designed  or  is  actually  in  process  of 
construction,  so  that  within  a  year  the  present 
fifty  odd  thousand  tons  of  sand  handled  monthly 
by  this  method  on  these  fields  is  likely  to  be 
doubled  or  trebled. 

In  conclusion  my  thanks  are  due  to  the 
Consolidated  Goldfields,  to  whose  enterprise  is 
due  the  prosecution  of  the  long  continued  trials 
with  sand  filters  at  very  considerable  cost  ;  to 
the  East  Eand  Proprietary  Mines  and  Anglo- 
French  Corporations,  who  contributed  substantial 
amounts  towards  the  cost  of  the  experimental 
work  ;  and  to  Messrs.  G.  H.  Thurston,  W.  R. 
Dow-ling,  G.  O.  Smart,  J.  E.  Thomas  and  C.  O. 
Schmitt.  whose  energy  and  skill  have  so 
materially  assisted  in  carrying  this  development 
to  a  successful  issue. 

Mr.  John  R.Williams  {Past-President):  It 
affords  me  great  pleasure  indeed  to  propose  a 
hearty  vote  of  thanks  to  Mr.  Caldecott  for  his 
very  able  paper  in  the  first  place,  and  much  more 


so  for  the  great  work  he  has  undertaken  in 
bringing  this  sand  filter  to  a  most  successful 
issu°.  Since  my  return  to  the  Transvaal,  I  have 
had  the  opportunity  of  seeing  this  plant  in 
operation,  and  I  must  say  that  the  feeling  I  had 
on  seeing  the  sand  and  the  clean  tanks  was  that 
of  wishing  I  was  again  running  a  cyanide  plant 
myself.  Never  before,  outside  laboratory  experi- 
ments, had  I  seen  sand  in  that  thoroughly  clean 
state.  It  should  give  the  highest  possible 
extraction,  and  I  think,  at  a  minimum  cost.  I 
do  not  think  I  should  care  to  criticise  Mr. 
Caldecott's  paper  to-night,  but  it  has  given  me 
a  great  deal  of  pleasure  to  listen  to  it,  and  also 
to  have  seen  the  plant  working. 

Professor  J.  Yates  (Past-President)  :  I 
would  like  to  second  the  vote  of  thanks.  It  is  a 
coincidence  that  today  I  took  quite  a  number 
of  students  round  the  p'ant,  and  I  must  say  that 
every  one  of  us  were  greatly  impressed  with  the 
novelties  which  have  been  introduced.  It  is  just 
as  well  to  point  out,  in  connection  with  these 
novelties,  that  it  is  no  use  having  the  idea  unless 
you  have  the  courage  to  apply  it.  and  no  one  can 
go  round  that  plant  without  acknowledging  that 
Mr.  Caldecott  and  his  staff  have  not  only  got  the 
ideas,  but  they  have  had  the  courage  to  carry 
them  out. 

NOTES  ON  CORROSION.  WITH  SPECIAL 

REFERENCE  TO  THE  CORROSION 

OF  STEEL  WINDING  ROPES. 


By  M.  Thornton  Murray,  M.Sc. 

Before  dealing  with  the  special  aspect  of 
corrosion  set  forth  in  the  title  of  this  paper,  it 
will  be  necessary  briefly  to  summarise  the  theories 
and  ideas  of  corrosion,  which  are  at  present  in 
vogue. 

By  far  the  greater  number  of  the  cases  of 
corrosion  of  iron  and  steel  which  have  come 
under  the  author's  notice,  have  been  cases  of 
"  rusting,"  and  the  present  one  forms  no  exception 
to  the  rule  :  in  the  corrosion  of  steel  ropes,  rust 
— hydrate d  oxide  of  iron — is  produced,  and  the 
corroded  areas  are  typical  of  those  found  in  other 
cases  of  rusting.  The  old  theory  of  rusting, 
which  was,  until  a  few  years  ago,  almost  univers- 
ally accepted,  was  due,  in  the  first  place,  to 
Crace  Calvert,  but  was  extended  by  Prof.  Crum 
Brown  in  1888,  while  it  has  since  been  added  to 
by  Jowett,  Dunstan  and  others.  For  the  sake 
of  distinction,  this  might  be  called  the  purely 
chemical  theory.  It  asserts  that  the  essentials 
for  the  formation  of  rust  are : — Iron,  or  steel, 
oxygen,  carbon  dioxide,  and  liquid .  water  (not 
water  vapour). 
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The  equations  representing  the  reactions  are 
as  follows  : — 

Carbon  dioxide  and  water  yield  carbonic  acid 
(i)  CO.,  +  H,0  =  H.2C03 

Iron  and  carbonic  acid  yield  iron  "bi"-earbonate, 
and  hydrogen 

(ii)  Fe  +  2H,C03  =  FeH.2(C03).2  +  H2 

Iron  "bi''-carbonate  and  oxygen  yield  hydrated 
ferric  oxide  ("  rust  "),  carbon  dioxide  and  water 
(Hi)  4FeH.)(C03).7  +  0.,= 

2Fe203.3H20  +  8C0.2  +  H,D 

The  carbon  dioxide  does  not  escape,  but 
remains  in  the  water,  and  is  used  over  and  over 
again.  The  action,  so  far  as  the  carbon  dioxide 
is  concerned,  is  cyclic,  and  this  explains  the  fact 
that,  although  carbon  dioxide  is  necessary  for  the 
reaction,  such  a  relatively  small  proportion  as  is 
present  in  ordinary  air,  is  sufficient  to  do  so  much 
damage. 

For  some  time  the  "  chemical  "  theory,  as 
enunciated  above,  stood  unchallenged  ;  then, 
quite  recently,  it  has  been  assailed  from  all  sides. 
Dunstan  and  Traube  first  asserted  that  hydrogen 
peroxide  (H000)  was  formed  during  the  reaction, 
and  immediately  broken  up  again,  thus  : — 

Iron  and  oxygen  and  water  yield  ferrous  oxide 
and  hydrogen  peroxide 

(i)  Fe  +  0.J  +  H20  =  FeO  +  H.2Oo 

Iron  and  hydrogen  peroxide  yield  ferrous  oxide 
and  water 

(ii)  Fe  +  H202  =  FeO  +  H20 

Ferrous    oxide    and    hydrogen    peroxide  yield 
hydrated  ferric  oxide  (rust) 
(iii )  -1  FeO  +  H.,0,  =  Fe203H20  (or  Fe2<  y  OH)  i 

Mallet  asserted  also  that  magnetic  oxide  of  iron 
(Fe304)  was  intermediately  formed  during  the 
reaction,  whilst  others  vary  the  formula  in  slight 
details.  Next,  Dunstan  endeavoured  to  show  that 
carbon  dioxide,  or,  indeed,  any  acid,  or  acid- 
making  gas  was  unnecessary  for  the  formation  of 
rust.  He  asserted  that  water  and  oxygen  by 
themselves  would  slowly  corrode  iron  with  the 
formation  of  the  well-known  hydrated  fen  ie  oxide. 
This  assertion  paved  the  way  for  the  boldest 
theory  which  has  yet  bean  advanced — that  due  to 
Dr.  Allerto.i  S.  Cushman,  of  the  Department  of 
Agriculture,  at  Washington,  U.S.A.*  Un- 
doubtedly Dr.  Cushman's  paper  is  one  of  the 
finest  contributions  ever  made  to  the  literature  of 
rust.  He  began  by  casting  doubts  upon  Dunstan 
and  Traube's  theory  that  hydrogen  peroxide  was 
intermediately  formed  during  rusting.  If  the 
formation  of  this  compound  was  an  essentia] 
Stage  in  the  formation  of  rust,  why  was  it  that 
rusting  could  not  be  prevented  by  powerful 
reducing  agents  I  Since  the  weakest  "  reducer  " 
was  strong  enough  to  break  up  hydioe,  n  per- 
oxide into  water  and  oxygen. 

'Bulletin  80,  Dept  Agriculture,  Washington,  D.O.,  I    s  \ 


Xext  he  demonstrated,  by  means  of  experi- 
ments, that  pure  iron  would  partially  pass  into 
solution  in  pure,  air-free,  distilled  water,  without 
the  presence  of  any  other  dissolving  agent.  lla\ 
ing  established  this  point  as  a  preliminary,  he 
puts  forward  his  theory  of  the  rusting  oi  iron 
This  is  as  follows  :  — 

When  iron  is  immersed  in  water,  the  water  in 
broken  up  into  hydrogen  and  hydroxy!  "ions. 
Now  hydrogen  is  electrically  classed  as  a  metal. 
Therefore  when  iron  is  brought  into  contact  with 
a  solution  containing  hydrogen  ions,  iron  "  ions 
pass  into  solution,  and  hydrogen  ions  collect  on 
the  iron  ;  the  action  is  analagous  to  the  depo 
sition  of  copper  on  iron  which  is  dipped  into 
a  solution  of  copper  sulphate.  Furthermore, 
hydrogen  is  electro-negative  to  iron,  so  that  the 
hydrogen  "ions"  actually  set  up  an  electro 
motive  force  (analagous  to  the  back  E.M.F.  in  a 
polarised  simple  cell)  with  the  iron.  The  action, 
thus  set  up,  is  prolonged.  Iron  ions  pass  into  solu- 
tion (and,  in  the  presence  of  oxygen,  are  immedi- 
ately oxidised)  Hydrogen  ions  are  ousted  from 
the  water  to  give  them  room,  and  are  given  off, 
while  hydroxyl  ions  collect  at  certains  points  on 
the  iron.  The  function  of  aci  s,  in  rusting,  is, 
therefore,  simply  to  strengthen  the  electrolyte 
and  promote  ionisation. 

Since  Dr.  Cushman's  paper,  the  electrolytic 
theory  of  rusting  has  been  much  discussed,  and 
papers  have  been  brought  out  by  Tilden.  Friend, 
Moody,  Walker  and  others,  espousing  either  the 
chemical  or  the  electrolytic  cause.  The  publica- 
tion of  Dr.- Cushman's  paper,  by  the  Iron  and 
Steel  Institute  has,  however,  firmly  established 
the  electrolytic  theory  -at  least  in  the  main. 

Whatever  be  the  merits  or  demerits  of  the 
electrolytic  theory  of  rust  formation,  it  is  certain 
that  electrical  phenomena  are  very  closely  bound 
up  with  the  corrosion  of  iron  and  steel.  Steel 
and  iron  water-pipes,  when  laid  in  the  vicinity  of 
leaky  electric  cables,  are  corroded  with  extra 
ordinary  rapidity,  so  that  exceptional  insulating 
precautions  are  now  taken,  when  cables  are  laid 
near  such  pipes.  It  has  long  Keen  known  that 
rust  itself,  in  the  presence  of  a  suitable  electro- 
lyte, sets  up  a  difference  of  potential  with  clean 
iion  and  steel,  and  it  is  probably  this  peculiarity 
which  partly  causes  an  already  ru>ted  surface  t" 
continue  to  rust  SO  much  more  rapidly  than  a 
previously  bright  one.  Even  when  the  surface 
is  covered  with  some  rust- resisting  material 
either  paint,  tar,  or  another  metal  and  aoait 
altogether  from  the  adhesive  power  which  a  clean 
surface  possesses,  it  must  be  Koine  in  mind  that 
rusting  will  proceed  even  under  the  protector,  it 
the  protected  surface  be  already  rusted  when 
covered. 
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Besides  the  electrolytic  action  set  up  between 
clean  iron  and  "rust,''  a  very  much  more  serious 
action  is  set  up  when  clean  iron  and  black  oxide 
cf  iron,  or  "  smithy  scale  "  are  placed  in  electrical 
connection  in  a  suitable  electrolyte.  In  this 
latter  case  the  iron  serves  as  the  anode,  or 
positive  pole,  while  the  oxide  acts  as  a  cathode. 
Thus  the  iron  is  dissolved  away,  and  precipitated 
(after  oxidation)  upon  the  "scale."  In  the  case 
of  ordinary  rust  and  pure  iron,  the  action  is 
reversed,  the  rust  being  dissolved  and  re-precipi- 
tated upon  the  iron.  A  somewhat  striking  illus- 
tration of  the  action  of  magnetic  oxide  upon  iron 
corrosion  is  afforded  by  the  fact  that  upon  painted 
girders  have  been  found  little  piles  of  rust, 
emanating  from  a  mere  pinhole  in  the  paint, 
which  is  almost  invariably  situated  over  a  tiny, 
embedded  particle  of  "  scale." 

Mr.  E.  F.  Law,  in  his  paper  on  "Non-Metallic 
Impurities  in  Iron  and  Steel,"*  gives  another 
example.  He  conducted  experiments  on  welded 
bars,  and  found  that  rusting  took  place  much 
more  rapidly  at  the  weld  than  elsewhere.  This 
he  attributed  to  the  presence  of  magnetic  oxide 
of  iron  ("smithy  scale")  at  that  point. 

The  action  upon  iron  and  steel  of  other  metals, 
witli  respect  to  corrosion,  is  yet  another  proof  of 
the  existence  of  some  electrolytic  action,  in  corro- 
sion. The  metals  in  the  following  table,  which 
are  electro-positive,  will,  if  placed  in  contact  with 

Electro-Positiveness  of  Metals. — 
Positive  End 


Potassium 

Cobalt 

Silver 

Sodium 

Nickel 

Platinum 

Magnesium 

Lead 

Gold 

Manganese 

Tin 

Hydrogen 

Zinc 

Bismuth 

Antimony 

Iron 

( lopper 

The  Metaloids  and 

Cadmium 

Mercury 

Xon  Metals 

Negative  End 
iron  tend  to  dissolve  away,  and  reprecipitate 
upon  the  iron,  thus  protecting  it.  The  protective 
action  of  galvanising  is  thus  explained.  Metals, 
however,  on  the  negative  side,  tend  to  aid  in  the 
destruction  of  the  iron,  since,  if  they  form  a 
covering,  and  that  covering  is  once  broken 
through,  and  the  iron  exposed  to  rusting  influences, 
an  electrolytic  action  is  set  up,  and  the  iron  is 
dissolved  away,  to  be  re-deposited  upon  the 
covering  metal,  alter  it  has  been  oxidised. 

Mr.  Law  has  demonstrated  the  influence  of 
non  metallic  "impurities"  on  the  corrosion  of 
iron  and  steel.  But  it  seems  to  the  author  that 
one  might  go  farther,  and  assert  that,  under 
certain  conditions,  the  very  constituents  of  the 
iron  or  steel  themselves — such  as  graphite,  ferrite, 
pearlite,  cementite,  etc. — to  which  our   President 

*  Journal  lion  and  Stud  Institute,  vol.  ii.,  11)07,  p.  104. 


has  introduced  those  of  us  who  were  not  previously 
familiar  with  them — that  these  are  capable  of 
promoting  corrosion  by  mutual  electrolytic  action. 
The  author  was  first  led  to  this  belief  by  an  in- 
vestigaticn  of  the  well-known  variety  of  iron  or 
steel,  called  "  double-faggoted  iron,"  which  con- 
sists, as  you  know,  of  alternate  layers  or  "fibres" 
of  wrought  iron  and  mild  steel.  Under  the 
microscope  this  specimen  exhibited  a  structure 
consisting  of  pure  ferrite,  and  ferrite  with  small 
areas  of  pearlite.  Now  this  specimen  was  exposed 
to  damp  air  for  some  months,  as  was  a  piece  of 
wrought  iron  and  a  piece  of  mild  steel,  of  the 
same  composition  as  the  steel  in  the  composite 
bar.  It  was  found  that  the  composite  bar  was 
corroded  very  much  more  than  either  the  mild 
steel  or  the  unwrought  iron,  and  the  microscope 
further  demonstrated  that  the  rusting  be^an 
where  the  pearlite  areas  of  the  steel  touched  the 
ferrite  of  the  pure  iron.  In  the  steel  itself,  there 
was,  of  course,  little  evidence  of  what  might  be 
called  "  lntra-granular  corrosion,"  but  that  was 
due  to  the  natural  and  stable  contact  between  the 
ferrite  and  the  pearlite,  attained  when  the  steel 
was  melted,  in  its  manufacture,  and  cooled.  The 
incomplete  junction  of  the  pearlite  of  the  steel 
and  the  ferrite  of  the  wrought  iron,  however,  led 
to  the  establishment  of  differences  of  electrical 
potential,  and  consequent  rapid  corrosion. 

A  number  of  samples  of  steel  which  had  been 
carbonised  to  a  certain  depth  and  hardened — in 
other  words,  "case-hardened" — came  under  the 
author's  notice.  These  were  fractured  so  as  to 
expose  both  the  high-carbon  hard  "casing,"  and 
the  mild  steel  core  to  rusting  influences.  It  was 
found  that  corrosion  proceeded  very  much  more 
rapidly  than  upon  a  high-carbon,  hardened  steel, 
or  a  mild  steel,  such  as  constituted  the  core. 
From  the<e,  and  a  number  of  similar  examples, 
it  is  possible  to  assume  that  lack  of  uniformity — 
either  in  carbon  content,  in  distribution  of  the 
constituents,  or  in  the  contact  of  the  crystals — 
tends  to  promote  corrosion.  This  aspect  of 
corrosion  has  been  dealt  with  at  some  length,  for 
reasons  v.  Inch  will  appear  later,  when  the  corrosion 
of  winding  ropes  is  discussed. 

Corrosion  of  Winding  Ropes. 

Ft  'i  a  -ical  deal  of  the  information  upon  which 
the  argument  of  the  following  pait  of  the  paper  is 

based,  the  author  is  indebted  to  .Mr.  Hume,  of 
the  Mechanical  Laboratory  of  the  Mines  Depart- 
ment. 

For  a  variety  of  reasons,  steel  caMes  offer 
peculiar  opportunities  for  corrosion.  Firstly,  the 
atmosphere  in  a  nunc  shaft  -  especially  in  the  up- 
cast shaft  generally  contains  large  proportions 
of  '"acid"  gases,  such  as  carbon  dioxide,  oxides 
of     nitrogen,    etc,    together     with     some     water 
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vapour,  while  the  air  is  generally  warm.  .Secondly, 
the  constructional  nature  of  the  cable  itself  is 
such  as  would  assist  corrosion.  It  is  well  known 
that  the  presence  of  accually  liquid  water  is 
essential  for  the  production  of  rust.  In  confined 
spaces,  therefore,  where  evaporation  cannot 
rapidly  take  place,  the  rusting  action  is  both 
prolonged  and  intensified.  Such  confined  spaces 
are  the  interstices  between  the  strands  or  wires 
of  a  steel  cable.  In  many  cases  cables  have  been 
discovered  to  be  internally  corroded,  when  .the 
surface  was  but  little  affected.  These  examples 
were  doubtless  due  to  the  phenomenon  above 
described,  the  cable,  at  one  time  or  another, 
having  taken  up  water  which  could  not  evaporate 
easily,  even  when  it  was  transferred  to  conditions 
where  evaporation  from  the  surface  might  have 
been  possible. 

There  is  a  third  reason,  the  author  believes,  for 
the  particular  aptitude  of  winding  ropes  to 
corrode,  and  that  is,  the  continually  alternating 
or  varying  stresses  which  they  have  to  withstand. 

It  would  be  a  work  of  supererogation  for  the 
author  to  point  out  to  the  members  of  this 
Society  how  extensive  are  the  ravages  of  corrosion 
upon  winding  ropes,  but  an  examination  of  Fig.    1 


Fig.  1.  I  lorroded  wire, 
may  be  of  interest.  This  is  a  photograph  of  a 
wire  from  the  outside  of  a  rope  which  had  been 
in  service  some  two  years.  It  will  be  seen  that 
the  wire  is,  in  some  places,  only  about  one  quarter 
of  its  original  thickness.  Part  of  this  reduction 
is  undoubtedly  due  to  wear,  hut  in  this  case 
many  of  the  internal  wires,  which  had  been  worn 
but  little,  were  reduced  by  corrosion  by  more 
than  50%  of  their  original  diameter 

A  noticeable  point  in  connection  with  the 
corrosion  of  winding  ropes,  is  that  owing  to  the 
continual  friction  they  are  subjected  to  in  passing 
over  pulleys  and  sheaves,  the  surface  is  generally 
kept  fairly  bright,  and  evidences  of  corrosion  are 
consequently  not  easily  discovered,  though  the 
rope  is  corroded  all  the  same. 


Perhaps  the  most  interesting  aspect  of  the 
corrosion  of  winding  ropes  is  one  which  is  very 
closely  allied  to  the  mechanical  effects  of  their 
usage  upon  the  internal  structure  of  the  metal. 
At  some  future  date  it  is  hoped  that  the  results 
of  metallographic  investigation  into  this  question 
will  be  placed  before  the  Society  ;  the  scope  of 
the  present  paper  is  not  wide  enough,  however, 
to  cover  this  question,  and  it  will  only  be  dealt 
with  incidentally. 

Most  of  the  members  will  be  familiar  with  the 
"  flattening"  effect  of  continual  friction  upon  the 
outer  wires  of  a  rope.  They  will  have  noticed 
that  not  only  has  the  wire  been  worn  away  by 
continued  attrition,  but  that  it  is,  in  many  cases 
actually  flattened.  In  one  case  a  wire,  which  had 
been  in  service  only  nine  months  was  flattened 
out  at  one  place  until  its  diameter  had  increased 
10i%.  Furthermore,  the  wire  at  such  points 
exhibits  remarkable  brittleness,  so  that  it  may 
often  be  broken  off  short  in  the  fingers  when  bent 
with  the  flattened  surface  uppermost.  Often, 
too,  numbers  of  transverse  cracks  have  developed 
on  the  flattened  surface,  some  of  considerable 
depth  and  magnitude.  Indeed  these  are  only  to 
be  expected,  for  the  material,  under  the  micro- 
scope, exhibits  all  the  features  of  case-hardened 
steel.  That  is,  there  is  a  thin  coating,  or  case, 
of  dead-hard,  brittle  steel,  while  the  inner  core  is 
still  soft  and  ductile. 

Fig.  2  shows  the  depth  of  this  casing,  together 
with  one  or  two  minute  cracks  running  through 


Fig.  2.— Magnification      1200  V. 
Edge  of  wire,  Bbowing  hard  "skin." 

it.  The  magnification  of  this  photograph  is  some 
1. -Jin i  diameters,  and  this  high  magnification, 
taken  in  conjunction  with  the  difficulty  of  obtain 
ing  a  ilat  polished  surface  on  so  small  a  specimen 
makes  the  photograph  somewhat  indistinct, 
though  it  is  sufficient  t<>  show  the  contrast 
between  the  hard,  ditliculty  etched  ">kin"'and 
the  soft  grey  pearlitic  cue. 

Fig.  .'>  is  a  photograph  (see  p.  58)  taken,  at  a 
magnification  of  some  80  diameters,  of  the  ordinary 
unpolished  surface  of  a   Battened  wire,  shewing 
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FIG.  3.— x  80,  Oblique. 

Transverse  cracks  on  the  surface  of  a  wire. 

the  transverse  cracks.      Fig.  4  is  a  photograph,  of 

a  longitudional   section    of  the   wire,  taken  at  a 


Fig.  4.— x  800  V. 
Longitudinal  section  of  wire,  showing  depth  of  crack. 

magnification  of  some  800  diameters,  shewing 
the  depth  of  the  cracks.  It  will  be  noticed  in 
connection  with  this  crack  that  corrosion  has 
already  begun  in  it.  The  edges  have  formed  the 
starting  point  for  corrosion,  which  has  spread 
longitudinally,  in  each  direction.  This  corrosion 
is  due  to  two  causes.  Firstly,  the  cracks, 
gathering  and  holding  moisture  as  they  do,  out 
of  access  to  the  air,  and  consequently  not  easily 
evaporated,  tend  to  promote  corrosion.  Secondly, 
the  difference  of  potential  set  up  between  the 
hard  outer  casing  and  the  soft  interior,  materially 
aid  in  destroying  the  ste?l.  In  this  action,  too, 
the  transverse  cracks  carry  the  liquid  which 
forms  the  electrolyte.  But  after  the  "  skin  "  has 
been  corroded  away,  or  in  cases  where  the  skin 
is  not  formed,  the  action  proceeds  somewhat 
differently.  In  most  of  the  specimens  which 
have  come  under  the   author's  notice  the  pitting 


seems  to  have  followed  the  length  of  the  rope  in 
direction  (see  Fig.  1). 

This  is  well  shewn  in  Fig.  5,  which  shews  the 
commencement  of   corrosion   on   the  surface  of  a 


BHH 


Fig.  5.— x  800  A'. 
Corroded  surface  of  wire  (dark  areas  corroded). 

wire.  The  corroded  areas  are  elongated  (they 
are  the  darker  areas  on  the  specimen),  and  are 
interlaminated  with  the  pearlite  and  ferrite 
bands. 

Fig.    6  shews   a   micro-section  of  an  ordinary 
good  wire,  containing  (from  its  appearance)  about 


and 


Fig.  6— x  son  V. 

Microstructure  of  tuood  wire    (pearlite   (dark) 

ierrite  (light). 
"8%  Carbon,  which  has  never  been  in  service.  It 
will  be  seen  that  the  structure  is  composed,  for 
the  greater  pare,  of  pearlite,  while  there  are  a 
few  small  areas  of  ferrite.  The  banded  structure 
is  probably  due  to  the  wire  having  been  finished 
at  a  temperature  a  little  below  its  critical  point, 
but  the  "  cold-working  "  has  not  been  pronounced 
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•enough  to  detract  from  the  physical  properties  of 
the  metal. 

Fig.  7,  on    the  other  hand,    is   a  micro-photo- 
graph of  the  inner   portion   of  a  wire  which  has 


Fig.  7—  x  800  V. 
Stranded  wire,  showing  segregation. 

been  in  use  for  some  time,  and  has  been  subjected 
to  very  hard  usage.  This  wire,  when  tested, 
gave  a  very  low  breaking  strain,  and  was  more  or 
less  brittle  throughout.  It  will  be  noticed  that 
the  pearlite  areas  aie  farther  apart,  aud  that  the 
ferrite  areas  have  become  larger,  and  have  formed 
irregular  "  lakes."  This  structure  is  the  result 
of  segregation,  due  to  sevpre  strain  and  to  undue 
heating  during  work.  This  wire  was  very  badly 
corroded  in  parts,  with  the  longitudinal  corrosion 
lines  very  marked.  It  is  only  reasonable  to 
suppose,  then,  that  the  strains  which  produced 
this  segregation  also  forced  the  crystals  some 
what  apart  from  one  another,  with  the  result  that 
the  contact  between  the  pearlite  and  ferrite  was 
rendered  imperfect.  Between  these  two  con- 
stituents, as  a  consequence,  differences  of  potential 
were  set  up,  and  the  metal  corroded  very  rapidly. 

I  briefly  to  summarise  the  question  of  the 
corrosion  of  steel  winding  ropes  ;  undue  strains, 
caused  generally  by  careless  usage,  tend  to 
produce  internal  strains,  which  promote  corrosion, 
while  the  surface  hardening  effect  and  consequent 
formation  of  transverse  cracks  materially  shortens 
the  life  of  the  rope,  not  only  by  impairing  its 
mechanical  properties  but  by  assisting  corrosion 
in  the  manner  which  has  been  demonstrated. 

To  a  certain  extent  these  evils  may  be 
mitigated  :  firstly,  by  bestowing  a  greater  amount 
of  care  on  the  ropes.  Especially  is  this  care 
needed  in  the  case  when  the  ropes  are  employed 
on  compound  shafts,  for  the  greatest  trouble, 
both  by  hardening  and  corroding,  has  been  found 
to  occur  on  such  ropes.  It  has  been  proved,  in 
this  case,  that  the  bend-pulleys  are  responsible 
for  the  greater  part  of   the   damage  ;  the  friction 


generated  when  the  rope  is  running  over  the 
pulleys  being  often  sufficient  to  produce  actual 
sparking.  It  is  obvious  that  under  these 
conditions  even  good  ropes  will  not  last  fur  long. 
Secondly,  the  corrosion  can  be  to  a  great  extent 
arrested  by  very  careful  lubrication.  Tom  often 
this  duty  is  performed  at  long  intervals  of  time 
and  then  inefficiently,  Both  on  the  score  of  the 
danger  to  life  and  limb  incurred  by  such  neglect 
and  of  the  money  saved  by  careful  attention  to 
the  rope,  the  author  believes  that  these  little 
points  would  reward  attention. 

In  concluding  these  notes,  let  it  be  understood 
that  the  author  is  offering  no  universal  panacea 
for  corrosion  ;  he  is  merely  placing  before  the 
Society  the  results  of  his  investigations  into  the 
question,  and  he  trusts  that  they  will  be  of 
interest  to  the  members. 

The    President:    In    proposing    a   vote  of 

thanks  to  Mr.  Murray  for  the  excellent  paper  he 
has  placed  before  us,  I  feel  very  pleased  that  I 
was  able  to  give  you  a  sort  of  introductory  t"  the 
subject  at  the  last  meeting.  I  can  only  say  that 
the  illustrations  which  he  has  shown  and  the 
results  he  has  placed  before  us  have  been 
obtained  by  us  also  at  the  Consolidated  Gold 
Fields  Laboratory.  I  have  made  numerous 
microscopic  examinations  of  broken  wires,  and 
the  author's  results  are  practically  the  same  as  I 
obtained.  I  am  sure  we  are  very  much  indebted 
to  Mr.  Murray  for  the  way  in  which  he  has  pre- 
sented this  matter.  It  has  been  brought  forward 
in  a  straightforward,  easily  recognised  manner, 
and  it  is  a  gain  to  the  Society  and  to  our 
Journal  to  have  such  a  paper. 

Prof.  J.  A.  Wilkinson  (Member  of  Council)  : 
It  gives  me  great  pleasure  to  second  this  vote  of 
thanks  to  Mr.  Murray  for  the  paper  which  has 
just  been  read  to  you,  and  in  doing  so  I  should 
like,  with  your  permission,  to  make  a  few  remarks 
upon  some  portions  of  its  contents,  and  a  iew  in- 
accuracies which  have  crept  in,  almost  in  spite  of 
care  which,  I  am  sure,  the  author  has  bestowed 
upon  it.  In  the  first  place,  the  theories  which 
have  Keen  formulated  to  explain  the  chemical 
changes  taking  place  during  rusting  have  been 
very  briefly  stated,  namely,  the  C<  V,  theory  1  pre- 
fer this  name  to  the  one  used  by  the  author,  because 
I  fail  to  see  why  this  should  be  called  chemical 
any  more  than  Dunstan  and  Traube's  hypothesis 

the  H. ,<  ).,  theory,  and  the  electrolytic  theory. 
With  regard  to  the  first,  why  not  have  written 
the   tirst    equation   according   to   modern   practice 

Co,  .-  ||  ,0     rT  +  HCO 
as  we  now  know  this    to    }>,■   the  ease,  and   more 
especially  as  the  acid  carbonate  is  supposed  to  be 
formed  as  an    intermediate    produd    t>>    l>e 
wards  decomposed  by  oxygen  I      This  theory  still 
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finds  supporters,  the  English  chemists,  Tiklen 
and  Moody,  being,  at  least  until  recently,  its 
champions.  The  former  in  a  recent  investigation 
sums  up  his  results  by  stating,  that  he  considered 
the  following  facts  to  be  established,  "  The 
process  of  rusting  is  due  to  electrolytic  action 
with  the  production  of  Fe(OH).-,  and  FeC03,  and 
may  be  explained  by  the  presence  in  the  iron  of 
various  compounds,  which  form  surfaces  of 
different  potential  in  water  or  aqueous  solution  of 
C02,  these  being  the  electrolytes,  which  are 
necessary  for  the  electrical  actions  to  take  place." 
As  regards  the  H20.,  theory,  I  know  of  no 
modern  chemist  who  champions  this,  but  with 
reg  ird  to  the  electrolytic  theory,  I  think  the  author 
is  labouring  under  a  misconception.  This  theory 
was  tirst  advanced  by  Whitney  in  1903.  About 
the  middle  of  1907,  if  memory  serves,  Dr.  Cush- 
man  read  his  paper  on  rust  before  the  American 
Society  of  Testing  Materials,  and  it  was  shortly 
afterwards  published  as  Bulletin  Xo.  30  of  the 
Office  of  Public  Roads  of  the  U.S.A.  Department 
of  Agriculture.  About  the  same  time  Dr.  W.  H. 
Walker,  Miss  Cederholm  and  Mr.  Bent  read  a 
paper  on  the  same  subject  before  the  American 
Chemical  Society,  an  abstract  of  which  appeared 
in  our  columns  in  December,  1907.  Both  these 
papers  support  Whitney's  theory,  which  was 
founded  on  Nernst's  conception  of  solution  pres- 
sure and  the  solution  theory  of  electrolytic  disso- 
ciation. Bearing  these  facts  in  mind,  I  cannot 
consider  it  quite  fair  to  ignore  the  credit  due  to 
other  workers.  Xor  do  I  consider  the  publication 
of  Dr.  Cushman's  paper  by  the  Iron  and  Steel 
Institute  to  have  firmly  established  the  electro- 
lytic theory,  since  this  problem  is  entirely  a 
chemical  one,  and  I  have  yet  to  learn  that  this 
body  is  the  final  court  of  appeal  in  matters 
chemical.  I  agree,  however,  with  the  author  as 
to  the  value  of  Dr.  Cushman's  work,  but  I  felt 
whilst  listening  to  the  paper,  that  his  exposition 
might  have  been  a  little  fuller  as  the  fundamental 
conceptions  are  easy  to  grasp,  and  this  is  one  of 
the  few  instances  which  have  been  presented 
latterly  in  this  Society,  of  dwelling  upon  the 
theories  of  modern  chemistry  as  applied  to 
practical  problems.  Moreover,  there  is  no  doubt 
that  the  electrolytic  or  electro- chemical  explana- 
tion of  rusting  is  now  obtaining  general  accept- 
ance. From  the  opening  statement  of  the  theory, 
as  given  by  Mr.  Murray,  one  would  be  led  to 
believe  that  the  iron  caused  the  ionisation  of  the 
water  molecule,  and  hence  a  correction  is  neces- 
sary. Water,  even  the  purest  water,  now  gener- 
ally spoken  of  by  chemists  as  conductivity  water, 
is  not  entirely  composed  of  molecular  parts,  but 
does  contain  some  hydrogen  and  hydroxyl  ions. 
It  is  on  the  presence  of  these  ions  in  the  water, 
that  rusting  primarily  depends,  and  the  equation 


representing  the  changes  taking  place  would  read 

Fe  +  2H*  +  20H'  =  Fe*  *  +  20H'  +  H, 
the  molecular  iron  passing  into  solution  and 
becoming  diferrion,  its  solution  pressure  being 
less  than  that  of  iron.  The  second  action  is 
caused  by  the  oxygen  dissolved  in  the  electrolyte 
water,  whereby  the  diferrion  is  oxidised  to  trifer 
rion  and  finally  precipitated,  either  in  absence  of 
air  as  hyd rated  ferric  oxide,  or  possibly  in 
presence  of  ordinary  air,  first,  as  carbonate,  and 
finally,  as  hydrated  oxide.  If  the  function  of  the 
hydrogen  as  given  above  is  correct,  any  substance 
increasing  the  concentration  of  the  hydrogen  ions 
will  assist  rusting.  Tlis  will  serve  to  explain 
the  function  of  acids  in  stimulating  the  formation 
of  rust,  since,  as  is  well  known,  they  dissociate  in 
solution  with  production  of  hydrogen  ions.  On 
the  contrary,  alkalis  form  in  solution  hydroxyl 
ions,  which  unite  with  the  hydrogen  ions  iorming 
molecular  water,  and  hence  alkalis  inhibit  the 
corrosion.  This  explains  satisfactorily  the  non- 
rusting  of  steel  girders  when  imbedded  in  concrete 
owing  to  the  alkaline  character  of  the  latter  due 
to  the  lime  contained  therein.  Further,  the 
rusting  of  iron  is  confined  to  local  spots,  a  fact 
easily  demonstrated  by  a  low  power  microscroper 
in  other  words,  its  solution  takes  place  at  some 
spots  and  not  at  others.  According  to  the  author 
this  is  due  to  the  many  and  varied  constituents 
of  the  iron  or  steel.  The  non-metallic  impurities, 
as  demonstrated  by  Mr.  Law,  are  merely 
mentioned,  but  much  of  what  the  author  expressed 
orally,  whilst  reading  the  paper,  might  have 
found  a  place  in  the  printed  copy,  as- this  would 
have  elucidated  very  considerably  the  main  points 
upon  which  much  stress  is  laid  later  on,  namely,  the 
difference  of  potential,  which  must  exist  between 
the  various  carbides  of  iron  and  the  iron  itself. 

For  the  moment,  and  also  as  the  hour  is  some- 
what late,  I  do  not  desire  to  make  any  further 
observations  on  this  paper,  which  deals  with  one 
of  the  most  important  phases  of  mining  work  and 
which,  therefore,  should  lead  to  an  ample  discus- 
sion. We  are  grateful  that  Mr.  Murray  has  given 
us  this  opportunity,  and  I  am  sure  that  this  vote 
of  thanks  will  meet  with  your  hearty  approbation. 

ZINC   DUST   PRECIPITATION  AT  CERRO 
PRIETO. 


{Read  at  September  Meeting,  1908.) 
By  Roeeet  Linton  (Associate). 

EEFLY    TO    DISCUSSION. 

Mr.  Robt.  Linton  (Associate):  In  replying 
to  the  discussion  of  my  paper,  I  desire  to  thank 
the  various  members  who  have  taken  part  in  it 
for   their   interesting  contributions.     It    was   in 
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hope  of  stimulating  such  a  discussion,  and 
especially  to  enable  comparisons  to  be  made 
between  the  conditions  under  which  the  Rand 
experiments  with  zinc  dust  proved  unsuccessful 
and  those  which  prevail  where  zinc  dust  is  satis- 
factorily used  on  this  continent,  that  the  paper 
was  submitted.  Mr.  Clark's  paper  adds  valuable 
information  ou  the  subject,  and  answers  conclu- 
sively some  of  the  questions  raised  in  the  course 
of  the  discussion. 

Mr.  Pearce  and  Mr.  Graham  describe  quite 
fully  and  clearly  the  trials  at  the  Geldenhuis 
Deep.  1  have  read  these  accounts  carefully  and 
with  especial  interest,  and  I  must  say  that  I  fail 
to  find  in  the  conditions  as  described  any  satis- 
factorily definite  explanation  as  to  why  zinc  dust 
should  not  give  any  better  results  than  were 
obtained.  I  would  like  to  suggest  that  in  order 
to  be  entirely  conclusive  the  experiments  should 
have  been  continued  beyond  the  point  of  deter- 
mining whether  or  not  zinc  dust  could  be  success- 
fully used  under  Rand  conditions,  and  should 
have  as  well  definitely  located  the  reason  for  the 
negative  results.  In  other  words,  should  have 
proved  whether  the  difficulty  was  one  that  could 
be  remedied  by  some  slight  modification  of  exist- 
ing conditions,  or  whether  the  adjustment  involved 
too  great  a  departure  from  present  methods.  It 
is  just  this  question  that  Mr.  Pearce  wants  to 
have  answered  ;  but  it  appears  to  me  that  it  can 
only  be  answered  by  further  experiments.  These 
experiments,  it  seems  to  me,  should  have  especial 
reference  to  the  matter  of  silver  contents  of  the 
solutions,  the  quality  of  the  zinc  dust  and  quan- 
tity of  lead  used  in  connection  witn  it,  clarifica- 
tion of  solutions,  regulation  of  feed  of  zinc  dust, 
and  effect  of  strength  and  grade  of  the  solutions. 
Other  points  would  doubtless  suggest  themselves 
as  the  trials  progressed. 

In  zinc  dust  precipitation  I  prefer  to  use  both 
higher  grade  and  stronger  solutions  than  are 
usual  on  the  Hand.  In  all-cyanide  plants,  such 
as  at  Cerro  Prieto,  where  there  is  no  amalgama- 
tion and  the  ore  is  crushed  in  cyanide  solution. 
the  opportunity  is  afforded  of  so  circulating  the 
solutions  as  to  concentrate  them  somewhat  before 
precipitation  ;  allowing  the  use  of  stronger  solu- 
tions ami  at  the  same  time  keeping  ai  a  minimum 
the  waste  of  cyanide  in  solutions  leaving  the 
works.  There  does  not  exist  therefore  the 
necessity  of  using  the  very  weak  solutions  referred 
to  in  the  discussions.  The  strengths  used  ai 
Cerro  Prieto  were  determined  by  extraction 
requirements,  and  are  independent  of  precipita- 
tion conditions,  except  occasionally  when  starting 
up  the  press  after  a  break.  If  the  solutions  are 
both  weak  and  low  grade  it  is  then  often  necessary 
to  add  some  fresh  cyanide  to  insure  the  immediate 
setting  up  of  precipitation. 


With  the  weak  solutions  used  on  the  Pand,  a 
higher  consumption  of  zinc  dust  figured  per 
ounce  of  metals  recovered,  would  naturally  be 
expected.  This  is  in  line  with  my  own  experi- 
ence, as  shown  by  averages  of  three  different 
months'  operations  : — 


Ounce  of  An  -  Ag  per 

ton  of  solution. 

0-47 

0-49 

0-70 


Pounds  zinc  dust  con- 
sumed per  oz.  Au     Ag 

0-59 
0-57 
0-42 


From  Mr.  Clark's  figures  it  appears  that  72  oz. 
of  gold  and  36  oz.  of  silver  were  precipitated  by 
use  of  7J8  lb.  of  zinc  dust,  or  66  lb  per  rz.  of 
metals  recovered,  the  solutions  containing  about 
•02  oz.  metals  per  ton.  The  Pand  practice,  as 
stated  by  Mr.  Pearce,  shows  1  to  3  lb.  of  zinc 
used  per  oz  recovered,  the  solutions  containing 
•033  oz.  per  ton. 

Another  point  of  difference  between  the  condi- 
tions I  described  and  those  on  the  Pand  is  the 
matter  of  silver  contents.  The  solu'ions  at  Cerro 
Prieto  contained,  as  stated,  about  four  times  as 
much  silver  as  gold  :  Mr.  Clark  states  that  the 
Homestake  solutions  contained  about  half  as 
much  silver  as  gold.  I  am  unable  to  reduce  to 
figures  the  extent  to  which  the  presence  of  silver 
facilitates  the  rapidity  of  precipitation,  but  it 
appears  to  have  a  decided  effect.  In  this  con- 
nection a  quotation  frcm  Mr.  (i.  H.  Clevenger's 
excellent  paper  on  "The  Refining  of  Precipit 
may  be  of  interest.  In  describing  his  experi- 
ments in  passing  silver  solution  over  zinc  shavings, 
he  says  : — 

'•The  silver  was  deposited  in  a  hard,  thin, 
adherent  coating,  which  could  not  be  removed  for 
separate  analysis  ....  But  I  have  found  an 
alloy  containing  from  40%  to  50%  of  zinc  and 
the  ba'ance  of  silver  to  show  much  the  same 
characteristics.  The  rough  surface  of  this  alloy 
has  the  same  copper-red  colour,  and  even  the 
polished  surface  has  a  very  distinct  reddish  tinge. 
With  acetic  acid  little  or  no  action  takes  place  in 
either  case.  Other  reagents,  such  as  chromic 
acid,  hydrogen  peroxide,  etc.,  give  the  same 
reaction  in  both  cases. 

That  this  coating  is  more  energetic  than  zinc, 
as  a  precipitant  of  gold,  copper  and  silver,  may  be 
seen  by  watching  the  precipitating  bottles.  At 
tirst  tlie  precipitation  is  very  slow,  but 
the  shavings  have  assumed  the  copper-red  hue.  it 
."us  on  much  more  rapidly." 

The  higher  cost  of  smelting  zinc  dust  precipi- 
tates is  due  to  the  character  and  greater  bulk  as 
compared     with    zinc    shaving    precipitates.        It 

requires  more  flux,  fuel  and  labour  for  their 
reduction.  To  form  an  idea  of  this  difference  in 
bulk,    compare    the    zinc    consumption    at   Cerro 
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Prieto,  0-4  lb.  per  oz.  of  metals  precipitated,  with 
the  published  results  at  the  Liberty  Bell  in 
Colorado,  where  zinc  shavings  are  used  and  the 
consumption  of  zinc  is  given  at  029  lb.  per  oz.  of 
metals  precipitated.  Incidentally,  I  might  add 
that  the  zinc  consumption  at  Cerro  Prieto  is  lower 
than  at  any  other  plant  I  know  of  that  is  using 
zinc  dust.  Acid  treatment  has,  I  believe,  been 
found  difficult  of  application,  being-  more  costly 
by  reason  of  the  greater  bulk  of  the  precipitates, 
and  because  for  some  reason  the  precipitates 
made  with  zinc  dust  do  not  yield  as  readily  to 
acid  treatment  as  those  made  with  zinc  shavings. 
Gravity  feed  is  the  easiest  way  to  obtain  a 
granular  product  for  filter  pressing.  It  is  not  the 
only  way.  pumps  being  used  with  entire  success, 
notably  at  the  Homestake,  and  at  the  new  120- 
stamp  mill  of  the  Goldfield  Consolidated  in 
Nevada. 

NOTES  ON  PRECIPITATION. 


(Read  at  March  Meeting,  1909.) 
By  Mather  Smith  (Member). 

Reply  to  Discussion. 

Mr.  Mather  Smith  (Member)  :  While  thank- 
ing Mr.  J.  Hayward  Johnson  for  his  congratula- 
tions, I  must  object  to  his  assertion  that  my 
paper  "  resolves  itself  more  into  a  matter  of  time 
the  solution  is  in  contact  with  the  zinc  than  the 
depth  or  amount  of  zinc  required  to  a  ton  of 
solution."  He  could  easily  have  calculated  the 
time  in  which  my  solution  was  in  contact  with 
the  zinc  from  the  figures  given  in  my  paper. 

Without  allowing  for  the  displacement  of  solu- 
tion by  the  zinc  the  solutions  are  in  contact  with 
the  zinc  in  each  compartment  for  about  3 "8 
minutes,  and  when  he  says  that  "even  with  boxes 
having  compartments  5  ft.  x  2  ft.  x  2  ft.  6  in., 
the  solution  is  only  in  contact  with  the  zinc  for 
a  period  of  6  to  8  minutes,"  he  must  surely  mean 
in  each  compartment,  otherwise  assuming  the 
box  to  be  one  of  seven  compartments  the  solution 
would  be  flowing  through  it  at  over  1,000  tons 
per  hour. 

When  Mr.  Hayward  Johnson  says,  "at  the 
same  time  the  author's  suggestion  that  all  boxes 
should  be  built  in  the  same  proportion  as  those 
in  use  by  him,  would  necessitate  a  box  receiving 
200  to  250  tons  solution  per  24  hours  to  about 
12  ft.  square,"  I  do  not  understand  what  he 
means.  I  suggested  boxes  of  five  compartments 
each,  with  a  zinc  area  of  1  sq.  ft.  per  ton  of 
solution  per  2-1  hours,  and  admit  the  area 
suggested  to  be  much  larger  than  necessary,  but 
there  was  certainly  nothing  in  my  paper  to  suggest 
boxes  12  ft.  square. 


A  box  to  precipitate  200  to  250  tons  of  solu- 
tion per  24  hours,  constructed  and  dressed  with 
zinc  as  these  are  on  this  plant,  could  be  one  of 
five  compartments,  each  compartment  having  an 
area  of  5  ft.  x  2  ft.,  and  with  less  than  2  ft. 
of  zinc  in  each  compartment. 

Since  writing  my  paper  I  had  the  weak  solution 
box  divided  into  two  boxes  of  four  compartments 
each,  and  am  now  able  to  give  the  sands  a  larger 
percentage  of  solution.  The  solutions  here  enter 
the  strong  box  at  about  08%,  the  medium  box 
at  about  05%,  and  the  weak  about  03%  cyanide. 

THE    INFLUENCE    OF    MOIST    AIR    ON 
QUICKLIME. 


(Bead  at  May  Meeting,  1909. 


By  Jas.  Gray,  F.I.C.  (Member). 


DISCUSSION. 

The  President :  Before  criticising  the  paper 
submitted  for  our  consideration  by  Mr.  James 
Gray,  I  feel  that  I  cannot  pass  without  comment 
the  slur  cast  upon  many  members  of  this  Society 
by  our  Vice-President,  Dr.  Moir.  In  expressing 
his  suprise  that  discussion  on  this  paper  had  not 
eventuated,  he  says  :  "  Shall  I  be  accused  of  pre- 
judice if  I  suggest  that  its  fate  might  have  been 
different  had  it  tended  towards  reduction  of  work- 
ing costs,  instead  of  helping,  as  it  does,  those  on 
the  other  side  of  a  lime  contract."  • 

With  reference  to  his  surprise,  it  will  be 
remembered  that  no  discussion  on  this  paper  in 
open  meeting  has  so  far  been  possible.  Had  there 
been  an  occasion  for  doing  so,  I  was  prepared 
with  notes  to  supplement  the  author's  remarks. 
His  insinuation  that  members  willingly  withhold 
fair  criticism  is  certainly  very  unfair,  whilst 
his  concluding  remarks  show  that  he  has  failed 
to  entirely  grasp  the  present  position  between 
buyer  and  seller  in  these  contracts.  It  is  now 
some  eight  or  nine  months  since,  on  behalf  of  the 
Consulting  Metallurgist  of  the  Consolidated 
Goldfields,  we  carried  out  some  tests  en  the 
deterioration  of  lime  due  to  atmospheric  influence 
and  these  bore  out  what  was  already  known  to 
us  and  which  had  been  taken  into  consideration 
in  drawing  up  the  lime  contracts  for  our  mines. 
The  method  employed  for  these  contracts  is 
similar  to  that  mentioned  by  Mr.  Gray  in  method 
3,  viz.,  the  truck  of  lime  is  weighed  on  receipt  at 
the  mine,  a  sample  from  several  bags  immediately 
taken,  ground  into  finer  lumps,  re-sampled  and 
bottled.  The  payment  is  made  on  this  weight 
and  on  the  estimated  percentage  of  available 
caustic  lime.     Notwithstanding    Dr.    Moir's    in- 


Aug.  1909 


Otto  S.  Tonnesen — Stope  Measurements. 


63 


nuendoes,  I  maintain  that,  in  this  way,  the  seller 
gets  paid  exactly  for  what  he  supplies  and  the 
mine  pays  absolutely  only  for  what  it  gets. 

The  author's  paper  is  excellent,  but  one  would 
wish  that  he  had  carried  his  tests  further.  His 
second  conclusion  is,  to  my  mind,  based  on  in- 
sufficient data.  Therein  he  says  that  the  absorp- 
tion of  carbon  dioxide  is  extremely  slow  when 
compared  with  the  absorption  of  water.  The 
following  results  would  tend  to  disprove  this  :— 

Commercial  lime,  after  being  pulverised  through 
a  ball-mill,  was  heated  at  a  low  red  heat  for 
some  time  in  a  muffle  and  after  cooling  in  dessi- 
eators,  lots,  each  of  80  gm.,  were  placed  in 
round  shallow  watch  glasses,  3]  in.  broad  by 
1  in.  in  depth  at  the  centre.  These  were  placed 
side  by  side  on  a  bench  in  a  partially  enclosed 
part  of  the  verandah,  so  that  no  direct  sunlight 
nor  rain  reached  them.  Showers  were  of  almost 
daily  occurrence. 
Duration  of 
Exposure.  C0.2  Absorbed.     Moisture  Absorbed. 

Days.  Percent.  Percent. 

1  1-4  4'2 

2  1-6  11-2 
:;                       2-6  14/3 

4  33  170 

5  4  0  18-2 

6  5-2  IN -4 

7  56  18-8 
14                        9-2  190 

Here  it  will  be  noted  that  at  the  end  of  tAvo  days 
seven  times  more  water  has  been  absorbed  than 
carbon  dioxide,  whilst  at  the  end  of  1 1  days  the 
ratio  is  2  to  1. 

I  would  also  cavil  at  the  author's  experiments 
on  lumps  of  limestone.  Here  also  his  premisses 
are  at  fault,  since  he  has  neglected  the  fact  that, 
as  received  on  the  mines,  the  lime  is  packed  in 
bags  which  protect  to  a  certain  extent  the  lumps 
whilst  the  interior  pieces  are  certainly  not  so 
liable  to  be  deteriorated  as  the  external  ones. 

A  small  bag  was  made  from  ordinary  sacking, 
as  used  in  lime  transport,  filled  with  64  lbs.  of 
ground  re-burnt  lime,  and  securely  tied.  This 
parcel  measured  9.',  in.  x  7  in.  x  0  in.  After  14 
days  of  exposure  in  a  covered  verandah  to  atmo- 
spheric changes — showers  and  heavy  rain  being 
frequent  the  bag  was  opened  and  the  lime 
tested.  Percent. 

Available  caustic  lime  in  re-burnt  sample  ii7  58 
Increase  in  total  weight  after   1  1   days, 

15oz.  ...  ...  ...      L50 

Estimated  on  the  basis  of  the  original  weights 
the 

Available  caustic  lime  amounted  to  ...  65  BO 
Or  on  the  actual  weight  of  sample        ...       57*21 

A  part  of  this  sample  lying  against  the  sack 
was  taken  to  a  depth  of  about  ]   in.     This  gave 


an   available    caustic  lime,  equivalent  on  actual 
weight    to    39"  I  *     .     whilst    a   portion    from    the 
centre  gave  63\3%.    The  former  contained  1  I  _' 
CO.,  and  the  latter  but  3-76%  CO.,. 

These  are  but  a  few  of  the  results  obtained  by 
us,  and  they  tend  to  show  that  if  "the  lime 
burners  are  cheating  themselves,"  the  consumers 
are  not  cheating  them.  The  only  way  in  which 
the  sellers  lose  is  in  the  absorption  of  carbon 
dioxide  during  transport  and  we  can  only  recom- 
mend, what  I  doubt  not  they  have  all  recognised 
long  ago,  thorough  burning  of  the  lime  in  the 
first  instance  and  speedy  delivery. 

These  results  I  do  not  put  forward  to  in  any 
way  lower  the  value  of  the  author's  figures. 
Commercially,  they  are  extremely  useful  and 
interesting,  but  variations  of  atmospheric  condi- 
tions, in  the  quantity  of  lime  xperiemented  with 
and  in  the  state  of  comminution,  render  corrobora- 
tive results,  except  in  a  general  way,  extremely 
difficult  to  obtain. 

Mr.  H.  A.  White  (Member  <<t  Council):  I 
discussed  this  matter  the  other  day  with  a  gentle- 
man who  volunteers  to  supply  our  mines  with 
lime,  even  under  these  painful  condition-.  He 
said  he  did  not  find  in  his  experience  very  much 
difference  in  the  lime  assays  in  the  different 
seasons  of  the  year.  Lime  is  delivered  in  closed 
trucks  containing  quite  a  number  of  bags  of  lime, 
and  only  the  outer  bags  are  much  exposed  so 
that  when  we  come  to  sample  the  lime  the 
changes  Mr.  Gray  alludes  to,  practically  do  not 
matter  unless  very  considerable  delay  takes  place. 
It  is  a  commercial  matter.  If  the  merchants 
who  supply  the  lime  send  one  or  two  pounds 
under  weight  absorption  supplies  the  deficit 
when  it  conies  to  the  mine,  but  Mr.  Cros 
suggestion  to  slack  the  lime  would  be  a  more 
straightforward  way  out  of  the  difficulty. 

Mr.  W.  R.  Dowling  (Vice-President):  In 
my  experience  the  burner  does  protect  himself.  1 
checked  a  number  <>f  bags,  as  suggested  by  Mr. 
Gray,  and  1  found  that  even  after  they  had  been 
90me  nine  days  en  route,  the  weight  was  -—till 
light. 

STOPE   MEASUREMENTS. 


(Read  at   Mat/   Meeting,   1909.) 
By  Otto  s.  Tonnesen  (Membi 

DISCUSSION. 

Mr.    A.    A.    Coaton    (Member):     I    wish   to 
thank  Mr.  Tonnesen  tor  his  very  interesting  and 

instinctive  paper.  1  agree  with  the  author's 
remarks  about  the  hanging  compass  and  clino- 
meter method.      My  chief  objection  to  the  i. 

».  .■  this  Journal,  vol.  » iii,  | 
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the  transit  for  stope  measuring  is  at  that  stage 
of  the  operation  where  the  "horizontal  fathomage" 
is  converted  to  "inclined  fathomage."  The 
question  of  setting  up  the  transit  rapidly  and 
safely  on  steep  inclines  (not  exceeding  60°,  as  this 
is  about  the  steepest  angle  to  which  the  telescope 
of  an  ordinary  transit  can  be  dipped)  can  be  over- 
come by  adopting  some  such  method  as  is  used 
on  the  Wit  Deep  or  1  lie  Simmer  Deep.  The 
method,  briefly  described,  is  to  have  a  hole  drilled 
in  the  footwall  into  which  a  threaded  bolt  is 
tightly  wedged.  On  to  this  bolt  a  special  holder 
is  screwed  whicii  supports  the  transit  firmly  and 
allows  of  its  being  rapidly  levelhd  up.  I  would 
suggest  that  the  dip  be  determined  from  several 
of  the  longer  sights  taken  not  very  far  from   the 

direction    of    dip the    only    special    sight 

required  being  the  bearing  when  a  horizontal 
line  of  sight  strikes  the  face. 

Eeferring  to  the  figure — a  horizontal  projection 


Let  O  be  the  set-up,  and  O  S  the  direction  of 

the  line  of  strike.     Let  D  be  a  point  sighted  on 

the   face.      Let   the  slope   distance  of  O  D  =  L, 

and  the  dip  of  O  D  =  d,  construct  the  right  angled 

triangles  0  D  E  and  D  E  E  making  D  F  =  L  sin  d. 

Then   the  angle  D  1']  F  =  .»  =  angle  of  dip  of  the 

plane   containing  the   two   lives   O  S  and  O  D. 

The  angle  S  O  D  can  be  determined  by  substrac- 

tion    of   the    field  readings — call  this  a.     Then 

tn  n  x  =  DF/DE.  DF  =  L  sin  d.    DE  =  D  O  sin  a 

=  L  cos  1 1  sin  a. 

L  sin  J  tan  <l 

tan  x  =  - : —  =  - — 

L  cos  d  sin  <i     sin  a 

The  transit  method  is  necessarily  slow  on 
account  of  having  to  book  two  sets  of  angles  for 
each  sight,  Yet  with  practice  in  steep  stopes, 
shots  can  be  taken  and  booked  by  one  observer 
about  as  fast  as  the  assistant  can  climb  round  the 
face. 

Dr.  Moir  objects  to  the  use  of  the  parabola  in 
place  of  the  catenary.     Take  the  equation  of  the 

for  a  substitute  the 


get  y  =  3041764  ft,  The  sag  in  100  ft.  span 
being  41 7642  ft.  The  area  of  the  catenary 
works  out  at  278-586  sq    ft.     This  is  determined 

from  the  formula 


catenary      y  =  _-(e~  +  e 

value  300,  for  .>■  substitute  the  value  50  ft.,  i.e., 
h  of   100  ft.   span.     Then  on  solving  for  y,  we 


Finding  the  area  of  the  parabola  by  taking  the- 
span  at  100  ft.,  and  the  sag  at  4-17642,  vve  get 
the  area  equal  to  278-428  sq.  ft.  The  difference,. 
•158  sq.  ft.,  between  these  two,  for  the  purpose 
under  consideration,  is  negligable. 

On  p.  378  of  the  May  Journal  Mr.  Tonnesen 
says,  "The  true  error  is,  however,  greater  than 
shown  in  the  above  table,  owing  to  the  difference 
in  length  between  the  face  line,  and  the  straight 
line  A  B.''  1  fail  to  see  this,  and  would  like  the 
author  to  prove  it. 

From  the  investigation  of  the  properties  of  the 
parabola,  it  will  be  seen  that  the  maximum 
vertical  sag  takes  place  in  the  vertical  line  drawn 
through  the  point  midway  between  the  points  of 
support,  and  can  therefore  readily  be  measured 
underground.  The  length  of  the  line,  the  dip  of 
the  stope  and  deviation  (measured  on  the  reef 
plane)  of  the  tape  line  from  the  true  line  of  dip 
being  known — the  error  introduced  by  all  these 
factors  can  readily  be  determined  by  a  mathema- 
tical formula.  1  shall  not  weary  the  members  by  a 
proof  of  this  as  it  is  rather  long,  but  the  result  is 
E  =  Sjx|xlxsx  sin  a  x  sin  b. 

Where  E  =  the  area  in  square  fathoms  of  the 
parabolic  segment  projected  on  to  the  reef  plane. 

1  =  the  length  in  feet  between  the  points  of 
support. 

s  =  maximum  vertical  sag  in  feet.  ■ 

a  =  the  angle  of  dip  of  the  reef  plane. 

/;  =  the  angle  between  the  line  of  the  tape  and 
the  direction  of  dip  of  the  stope — this  angle 
being  measured  on  the  reef  plane. 

Substituting  1  =  100  ft.,  and  s  =  l  ft. 

The  formula  reduces  to  E  =  1  "852  x  sin  a  x  sin  b 

From  this  formula  the  following  table  has  been 
calculated  for  different  values  of  a  and  l>  :  — 


Axgle  of  Deviation. 

in   -2il3  30°    40°    50°     60° 

To 

80°    90° 

10° 

•06  -11   -16      21     "2.5     "28 

•31 

•32     -32 

20° 

•11    22    32     "41     -49     '55 

•61 

•62     -63 

30° 

16    32  -46     -60     -71      8U 

•89 

■91      93 

\niile 

40D 

•21    41    Gil      77      91   1-03 

1-14 

117  119 

of 

50° 

•2r>    49  -71     -91   1  n9  123 

136 

140  142 

Dip 

60° 

•28  -55  -80  103  123  139 

154 

1-58  1-60- 

To 

•31   -61    -89  114  136  1  \>4 

1-71 

1-75  1-78 

80° 

•32    62    91   1-17  1-40  1-58 

l-7o 

1  Nil  1-82 

90° 

•32    63    93  1-19  1'42  1-60 

1-78 

1-82  1-85- 

To  illustrate  the  use  of  the  table  we  will  take 
the  following  example  : — 

A  stope  face  is  measured  from  a  line  200  ft. 
long  with  a  maximum  vertical  sag  of  5  ft.  The 
dip  of  the  stope  is  30°,  and  the  tape  deviates  20° 
from  the  line  of  dip.  What  is  the  error  in 
measurement  .' 
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From  the  table  at  the  intersection  of  30"  and 
20°  we  find  "32,  which  is  the  error  caused  by  a 
tape  100  ft.  long  with  1  ft.  sag.  Multiply  this 
by  2  and  5  ami  you  get  3"5  square  fathoms — th<» 
required  result.  The  author's  example  is  rather 
exaggerated,  as  no  one  would  use  a  tape  316  ft. 
long,  and  run  it  down  the  stope  at  an  angle  of 
4-1°  away  from  the  line  of  dip,  as  illustrated  in  bis 
example.  He  likewise  seems  to  be  rather  unfor- 
tunate in  hi:;  choice  of  tape  triangulation 
used  on  the  Hand  .'  A  large  number  of  mines 
use  the  tape  triangulation  method  and  have  no 
projection  error,  because  the  new  pegs  are  trian- 
gulated from  the  old  pegs,  and  not  from  survey 
pegs  in  the  drives,  or  rather  from  sagging  lines 
joining  these  pegs  as  shown  in  his  Figs.  -f,  5a 
and  5b.  The  tape  triangulation  system  should 
be  carried  on  independently  of  the  drive  pegs, 
and  should  be  fixed  from  the  triangulation  pegs 
themselves  only.  Personally,  I  have  never  found 
any  difficulty  in  judging  the  right  angle  where 
the  off-sets  do  not  exceed  30  ft. 

I  disagree  with  the  author  when  he  makes  the 
general  statement  on  p.  3.79,  that  the  present 
methods  are." expensive,  slow  and  complicated." 
I  guess  he  will  have  to  go  a  long  way  to  find  a 
quicker  method  than  tape  triangulation  forstopes 
not  exceeding  30°  in  dip.  Neither  is  this  method 
expensive  or  complicated.  When  the  dip  exceeds 
30°  I  agree  with  him  that  the  surveyor  has  a 
tough  time  of  it,  and  grave  errors  are  likely  to  be 
introduced. 

The  author  has  certainly  shown  a  lot  of  in- 
genuity in  devising  his  Stereometer,  and  in  apply- 
ing it.  Having  had  no  experience  with  the 
instrument,  1  am  not  in  a  position  to  criticise  it, 
but  I  am  of  the  opinion  that  it  would  take  a  deal 
of  practice  before  one  could  u.-e  it  with  facility. 
The  idea  of  using  a  triangle  net  should  meet  with 
hearty  approval. 

With  regard  to  plotting  the  readings,  I  would 
snggc-t  .i  large  paper  protractor  with  a  central 
circular  space,  12  in.  diameter — the  graduations 
being  at  the  inner  edge.  If  then  a  circle  12  in. 
in  diametei  be  drawn  round  the  set-up  station 
the  protractor  could  be  quickly  centred,  and  the 
readings  directly  plotted  with  the  aid  of  a  scale. 
1  have  mathematically  investigated  the  effect  of 
holding  the  instrument  at  an  angle  to  the  reef 
plane,  and    found    that    when    the    dihedral    angle 

bet  Ween      the      I  eef      |  la  ie     :  1 1 1  •  I      the     plane    of     tile 

instrument  is  5    the  greatest  error  in  measuring 
an   angle   on    thai    plane  is  6  rains.  3  I  sees.,  •  i 

•19    ft.    in    a    shot    Of    LOO    ft.   length.       When    the 

dihedral  angle  is  10  the  greatest  angular  error 
is  26  inins.  1  it  sees ,  or  77  tt.  in  loo  ft.  So  it 
is  seen  that  the  effect  of  this  error  is  very  small. 
Before  1  heard  of  the  author's  invention,  I  was 
trying  toeffeel  an  improvement  in  stope  measure 


ments,  and  was  in  favour  of  using  a  miner's  dial 
with  split  sights,  and  measuring  the  angles  on  the 
plane  of  the  reef.  In  steep  stopes  1  proposed  to  use 
the  method  of  support  previously  described.  In 
fiat  stopes  I  would  use  a  small  tripod  and  centre 
under  a  plumb-bob  of  fixed  length,  or  attach  the 
instrument  to  the  hanging  wall  by  means  of  a 
special  holder.  The  author  has,  however,  solved 
the  problem  in  a  far  neater  way.  At  the  May 
meeting  he  asked  for  a  cheap  distinctive  light.  I 
would  suggest  acetylene.  An  acetylene  lamp, 
however,  is  an  awkward  thing  to  carry  when 
climbing  about.  This  could  be  overcome  in  the 
following  way  : — 

Remove  the  reflector  and  burner,  fasten  the 
generator  to  a  belt  round  the  waist,  attach  thick 
india-rubber  tubing  to  the  gas  outlet  and  cany  it 
down  the  coat  sleeve,  insert  the  burner  in  the  free 
end  of  the  tube  and  clip  it  on  to  a  wrist  Land. 
This  method  would  also  prove  very  useful  for  any 
kind  of  surveying  work  underground  as  the  hands 
would  be  entirely  free,  and  the  light  would  be 
very  convenient  for  booking,  reading  verniers, 
climbing  chains  and  ladders,  etc. 

In  conclusion,  1  again  wish  to  thank  theauthi  r 
for  his  paper,  and  wish  him  every  success  with 
his  Stereometer. 

The  meeting  then  closed. 
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CYA NIDATION  OF  MANGANESE  SILVER 
ORES  OF  MEXICO. 


In  the  March,  1909,  issue  of  the  Journal  there 
is  a  communication  from  Mr.  Robert    Linton  on 

the  Cyanidati'Ui  of  the  .Manganese  Silver  <  >n  >  of 
.Mexico.  As  I  did  considerable  work  on  these 
ores  about  two  years  ago,  and  as  my  conclusions 
are  v  >mewha1  different  to  those  of  Mr.  Linton.  I 
thought  it  might  be  interesting  to  our  readers  to 
compare  notes  on  this  subject. 

W'neii  1  first  encountered  this  class  ol  ore  1  did 
not  suspect  an  intimate  association  of  the  silver 
with  the  manganese,  though  I  knew  both  were 
present.  I  tried  cyanidation  with  all  strengths 
of  cyanide,  e\ eii  up  to  5%,  on  sample-,  of  th<'  ore 
ground  to  pass  200  screen,  and  could  onlj  extract 
from  5  to  15  of  the  silver.  1  tried  the  addi- 
tion of  all  kinds  of  reagents,  such  as  lead  salts, 
oxidisers,  chlorides,  oxygenation  with  air,  hot 
solutions,  etc.,  without  effect.     I    then  started  a 

COUrse     of    reasoning     somewhat     as      follows  1 

ascertained  thai  this  insoluble  silver  was  contained 
principally  in  the  surface  ore  between  the  crop- 
pings    and    the    200    level,     while    ore     from     the 

bottom  of  the  mine  would  yield  90     to  95      of 
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tin'  silver  without  any  trouble  ;  the  ore  in  each 
case  appeared  to  be  very  similar,  except  that  the 
surface  rock  which  gave  the  trouble  was  highly 
oxidised  :  then  it  occurred  to  me  that  if  I  could 
reverse  this  condition  and  treat  the  oxidised  ore 
with  a  reducing  agent  I  might  get  a  result  similar 
to  that  obtained  on  the  lower  level  ore  from  the 
sulphide  zone.  I  accordingly  subjected  the  finely 
ground  ore  to  treatment  with  solutions  of  various 
reducing  agents,  among  which  were  hydrogen 
sulphide,  sodium  sulphide,  sodium  hydro  sulphide, 
ammonium  hydro-sulphide  and  roasting  with 
sulphur  in  a  closed  vessel.  The  charges  were 
agitated  for  about  twenty-four  hours  and  then 
well  washed  with  water  and  cyanided  by  agitation 
in  bottles.  The  sodium  sulphide  had  no  effect 
whatever,  but  both  the  ammonium  and  sodium 
hydro-sulphides  and  the  hydrogen  sulphide  in- 
creased the  subsequent  silver  extraction  to  about 
73%,  against  about  5%  by  straight  cyaniding. 
The  cyanide  consumption  was  also  increased  from 
about  },  lb.  per  ton  in  straight  cyaniding  to  12  lb. 
per  ton  for  the  samples  treated  by  hydro- 
sulphide  and  to  27  lb.  for  that  treated  by  hydro- 
gen sulphide.  The  resultant  cyanide  solutions 
carried  large  quantities  of  thiocyanate.  The 
simple  roasted  with  sulphur  gave  about  the  same 
yield  as  those  treated  with  hydro-sulphide  and 
about  the  same  cyanide  consumption.  To  try  to 
reduce  this  heavy  loss  of  cyanide  the  ore  after 
reduction  treatment  was  given  various  treatments 
before  cyanidation,  among  which  were  the  appli- 
cation of  chlorine  water  and  various  chlorides  and 
of  oxidizers,  such  as  potassium  permanganate  and 
hydrogen  peroxide,  and  also  the  blowing  of  air 
through  the  pulp  :  they  were  then  well  washed 
before  cyanidation.  In  the  case  of  the  inter- 
mediate oxidation  tests  some  cyanide  was  saved 
in  the  subsequent  treatment,  but  the  extraction 
of  silver  was  considerably  less  than  when  the  ore 
was  cyanided  immediately'  after  the  reduction 
treatment.  The  intermediate  chlorine  treatnu  nt 
made  no  difference  in  the  cyanide  consumption 
but  increased    the  silver    extraction    by    3%    or 

Owing  to  the  excessive  cyanide  consumption 
and  the  low  value  of  the  ore  ($8.00  to  810.00  per 
ton)  this  method  of  treatment  by  reducing  agents 
could  not  be  entertained  although,  if  the  cyanide 
loss  had  been  normal,  the  method  would  have 
been  well  worth  considering.  The  reason  why 
this  treatment  increased  the  silver  extraction  was 
rather  mysterious,  and  attempts  were  then  made 
to  ascertain  the  mode  of  occurrence  of  the  silver. 
By  -rinding  the  ore  to  pass  200  screen,  and  boil- 
ing for  an  hour  in  strong  nitric  acid,  then  wash- 
ing well  with  distilled  water  and  assaying  the 
residue,  the  latter  was  still  found  to  contain  7-V 
of    the    original    silver    content.       This    residual 


silver  insoluble  in  nitric  acid  could  not  have  been 
in  the  metallic  or  sulphide  forms,  nor  was  it 
mechanically  inaccessible  in  the  ordinary  sense, 
because  a  sample  of  the  pure  clay  slime  from  the 
ore  was  even  more  refractory  to  nitric  acid  than 
the  general  sample.  It  might  have  been  in 
haloid  form,  but  in  that  event  it  should  have 
been  soluble  in  cyanide  or  sodium  thio-sulphater 
which  reagents  had  practically  no  effect  on  it. 

About  this  stage  of  the  enquiry7  I  obtained  the 
assistance  of  Mr.  G.  H.  Clevenger,  who  made 
many  experiments,  of  which  the  following  is  a 
short  summary  :  (1)  Bromocyanide,  results 
rather  inferior  to  those  by  straight  treatment.  (2) 
Addition  of  zinc  dust  as  a  reducing  agent,  no 
result.  (3)  Addition  of  metallic  sulphides  with 
a  view  to  breaking  up  any  hypothetical  haloid 
compounds,  no  result,  (4)  Addition  of  strong 
alkali,  with  and  preliminary  to,  cyanide  treat- 
ment, no  result.  (5)  Preliminary  treatment  by- 
pan  amalgamation,  no  result.  (6)  Preliminary' 
treatment  with  chlorine  and  bromine  prior  to 
cyaniding,  no  result.  (7)  Preliminary  roast 
before  cyaniding,  result— not  a  trace  of  silver 
soluble  in  cyanide.  (8)  Preliminary  chloridising 
roast,  result — fair  silver  extraction  (75%).  (9) 
Concentration  of  the  ore  ground  to  200  mesh, 
result — tailing  assayed  rather  higher  than  con- 
centrate. (10)  Oil  concentration,  no  result.  (11) 
Acid  flotation,  no  result.  (12)  Preliminary 
treatment  with  hydro-sulphides,  results  confirmed 
the  tests  made  by  myself,  as  described  above. 
(13)  Preliminary  treatment  with  hydrochloric 
acid,  result  -   94%  extraction  of  the  silver. 

From  the  foregoing  it  appeared  that  the  silver 
is  in  very  intimate  association  with  some  other 
mineral,  probably-  with  the  manganese,  possibly- 
occurring  as  a  definite  manganese-silver  com- 
pound. 

As  to  how  the  silver  may  be  made  amenable 
to  cyanide  solution,  however,  I  have  concluded 
that  chloridising  is  not  the  only,  and  probably 
not  even  the  best,  method.  I  am  led  to  think 
that  instead  of  trying  to  attack  the  silver,  which 
is  comparatively  small  in  quantity,  the  aim  should 
be  to  attack  the  predominant  partner  in  the  com- 
bination, that  is,  the  manganese.  In  the  above 
detailed  tests,  a  chloridising  roast  yielded  only 
75%  of  the  silver  on  subsequent  cy-anidation, 
while  the  preliminary  treatment  with  hydrochloric- 
acid  allowed  of  an  extraction  of  94%.  Of  course, 
in  this  latter  instance,  Mr.  Linton  may  reply  that 
the  result  was  due  to  nascent  chlorine  formed  by 
the  manganese  dioxide :  it  might,  however  be 
equally  well  clue  merely  to  the  dissolving  action 
on  the  manganese,  exposing  the  contained  silver 
to  the  action  of  the  subsequent  solvent,  and  this 
view  would  seem  to  be  strengthened  by  the  fact 
of  the  chloridising  roast  giving  results  so  much 
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inferior  to  those  of  hydrochloric  acid.  But  if  this 
latter  view  be  correct,  how  are  we  to  account  for 
the  results  due  to  a  preliminary  reduction  with 
hydro-sulphide  .'  The  only  suggestion  I  have  to 
offer  is  that  the  manganese  being  converted  into 
sulphide  became  sufficiently  soluble  in  the 
cyanide  solution  to  expose  most  of  the  silver  to 
the  action  of  the  solvent,  forming  thiocyanate 
and  mangano  cyanide  of  potassium. 

Working  on  the  hypothesis  of  the  necessity  of 
finding  some  solvent  that  would  break  up  the 
combination  and  free  the  silver,  I  tried  a  prelimi- 
nary treatment  with  many  reagents.  (1)  Nitric 
acid  had  been  found  useless  in  the  early  stages 
of  the  investigation,  probably  because  it  did  not 
attack  tne  manganese  dioxide.  (2)  Hydrochloric 
acid  while  very  effectual  appeared  to  be  prohibi- 
tive in  cost.  (3)  Sulphuric  acid  was  without 
effect.  (4)  The  hydro-sulphide  treatment,  while 
being  effectual,  was  prohibitive  on  account  of  the 
loss  of  cyanide,  though  I  found  it  possible  to 
regenerate  KGN  from  KCNS  by  electrolysis  with 
caustic  soda,  and  it  might  have  been  possible  to 
recover  some  of  the  cyanide  in  this  way.  (5) 
Finally  I  tried  5%  solution  of  sulphurous  acid. 
•  After  washing  and  cyaniding  the  residue  I 
obtained  an  extraction  of  84%  of  the  silver  with 
a  cyanide  consumption  of  only  4  lb.  per  ton  of 
ore.  This  method  seemed  by  far  the  most 
feasable  of  any,  and  if  the  ore  had  assayed  a  few 
dollars  higher  than  it  did  the  method  would 
certainly  have  been  tested  on  a  working  scale. 
The  amount  of  sulphur  required  would  in  this 
instance  have  been  about  100  lb.  per  ton  of  ore, 
which  was  more  expense  than  the  grade  of  rock 
would  have  warranted. 

Thus  we  see  from  the  foregoing  results  that 
there  are  several  methods  of  treatment  besides 
chloridising  which  were  found  to  give  good 
cyaniding  extractions  on  the  silver  in  this  man- 
ganiferous  ore  ;  (a)  Preliminary  roasting  with 
sulphur  in  absence  of  air.  (/>)  Preliminary  treat- 
ment with  alkaline  sulphides,  (c)  Preliminary 
treatment  with  hydroch'oric  acid.  (It  ma\  In- 
open  to  those  who  think  differently  to  put  this 
method  in  the  chloridising  class.)  (d)  Prelimi 
nary  treatment  with  sulphurous  acid.  Of  all 
these,  the  last  seems  the  most  practicable  and 
least  expensive,  and  with  an  ore  assaying  a  little 
higher  than  that  which  was  experimented  on, 
would  seem  to  offer  a  workable  solution  of  the 
difficulty  in  the  cyanidation  of  these  manganese 
silver  ores  It  maybe  remarked  that  the  gold 
in  such  ores  usually  yields  a  uniformly  high 
extraction  of  about  '.hi1  under  almost  an\  cir 
cumstances  regardless  of  the  behaviour  of  the 
silver. 

E.  M.   Hamilton. 


GRADING  ASSAYS  AND  GRINDING 
EFFICIENCIES. 


In  discussing  a  contribution  of  mine  to  the 
above-mentioned  paper,  Mr.  H.  A.  White,  in  the 
May  Journal,  1909  (p.  395),  breaks  a  lance  in 
favour  of  Pittinger's  law,  which  law  he  claims 
to  be  the  true  theoretical  criterion  of  work  done. 
From  a  metallurgical  point  of  view,  the 
exposure  of  surfaces  can  certainly  be  considered 
as  work  done—  we  may  call  it  metallurgical  work 
done — and,  giving  to  the  vague  expression  "  work 
done "  this  signification,  Rittinger's  law,  by 
which  the  "  work  clone"  here  also  the  metallur 
gical  work  done,  i.e.,  the  area  of  surfaces  exposed 
in  crushing,  is  claimed  to  be  proportional  to  the 
surfaces  exposed,  is  admittedly  correct,  but  it  is 
no  longer  true  if  the  mechanical  work  done  is  to 
be  understood. 

The  total  area  of  the  fracture  planes  multiplied 
by  a  factor  determining  the  resistance  which  the 
molecules  oppose  to  their  separation  by  the  exer- 
cise of  any  stress  (crushing,  tensile,  shearirg, 
etc.)  represents  the  force  required  to  cause  the 
fracture,  and  for  performing  mechanical  work 
this  force  has  to  run  through  a  distance.  This 
distance-factor,  cheerfully  ignored  in  Rittinger's 
theory,  has  been  shown  to  be  represented  by  the 
deformation  which  the  body  can  stand  before 
reaching  the  breaking  point.  It  is  immaterial 
that  this  distance  by  which  the  body  can  lie 
deformed  within  the  limits  of  elasticity  or  plasti- 
city  by  the  application  of  any  external  force,  is 
not  exactly  defined  but  subject  to  slight  variations. 
which  for  highly  elastic  but  unplastic  bodio  as 
glass,  quartz,  etc,  are  too  insignificant  to  be  con- 
sidered, and  by  the  nature  of  our  grinding  appli- 
ances they  are  in  addition  averaged  to  an  extent 
that  these  averages  are  as  liable  as  correct  figun  s. 
Dealing  with  relative  values  only,  we  have  not 
even  to  care  about  the  exact  value  of  this  factor, 
and  all  that  we  need  is  to  be  satisfied  that  this 
factor  is  a  constant  function  of  the  diameter  of 
the  particle  to  be  crushed. 

Mr.  II.  A.  White  tells  us  that  in  Rittinger's 
method  the  "distance"  factor  has  not  been 
ignored,  but  it  "  merely  assumes  this  factor  to  be 
the    same    in    all    cases."       Failing    t<>    produce    a 

more  positive  and  Intelligible  explanation  for  the 
extraordinary  and  hardly  acceptable  assumption 

that  the  distance  the  force  has  to  run  through  be 

the  Same  lor  all  si/rs  of  particles,  he  resorts  to 
hypothetical  suppo.-it  ions  of  a  boldness  that   e\,  n 

Jules  Verne  would  not  have  ventured  to  base  his 
fantastic  tales  upon.  With  such  "ultimate 
theoretical  cases "  all  and  everything  can  be 
proved  ;  the  perpetual  motion  becomes  theoretic- 
ally possible,  we  shall  have  heaven  on  earth  as 
the   ultimate   theoretical  case  of    human  tendency 
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to  perfection,  and  by  the  assumption  of  an 
external  force  applied  at  the  fracture  plane  itself, 
even  Rittinger's  erroneous  contention  would 
become  a  true  and  genuine  law — as  the  end — 
value  of  a  scientific  blunder. 

In  face  of  all  the  wonderful  discoveries  of 
recent  times,  no  limits  are  drawn  to  our  fantasy 
of  how  mechanical  forces  might  one  day  be  super- 
seded by  other  known  or  unknown  forces.  But  in 
the  meantime  we  have  to  live  with  our  feet  on 
earth,  remembering  that  all  these  discoveries  are 
additions  only  to  our  knowledge,  and  that  by 
none  of  them  has  the  truth  of  our  fundamental 
laws  of  nature  ever  been  shaken.  The  mechanical 
work  eternally  remains  determined  by  the  product 
of  stress  change  into  change  of  configuration,  and 
however  small  this  deformation  might  be,  so  far 
as  mechanical  crushing  is  concerned  the  external 
force  can  never  act  in  the  fracture  planes  itself. 

Exactly  as  we  are  independent  of  how  the 
work  has  been  done,  and  "as  our  calculations 
must  be  based  on  the  product  and  not  on  its 
history,  further  than  a  statement  of  the  size  of 
particles  commenced  with  "  we  have  in  computing 
relative  mechanical  crushing  efficiency  not  to  care 
either  about  the  kind  of  force  applied,  or  the 
strength  of  the  material,  or  the  amount  of  waste 
inherent  to  the  physical  properties  of  the  material 
or  the  limitations  of  our  crushing  appliances. 
The  computation  of  mechanical  crushing  efficiency 
consists  simply  in  establishing  the  relation  of  the 
effective  useful  work  done  in  crushing,  to  the 
total  amount  of  energy  spent  for  driving  the 
machine,  and  as  this  latter,  if  not.  known,  can 
easily  be  measured  or  calculated,  the  question  is 
therefore  reduced  to  establishing  a  standard  for 
the  measurement  of  this  effective  useful  work 
done  from  the  tonnage  and  the  gradings  of  the 
materials  taken  at  the  intake  and  the  discharge 
of  the  machine.  That  the  method  of  calculation  by 
surfaces  or  fractures  exoosed  cannot  be  claimed 
"true  theoretical  criterion "  for  this  effective 
work  done  is  convincingly  proved  by  the  obviously 
absurd  conclusions  to  which  the  application  of 
Kit  tinker's  theory  would  lead  in  numerous 
instances. 

Many  years  ago  exhaustive  series  of  tests  were 
made  by  Van  Reytt  to  determine  how  nearly 
Rittinger's  theory  holds  in  practice,  and  the  con- 
clusions arrived  at  weie*  :  "That  the  ratio  of 
work  done  to  increase  the  surface  is  fairly  con- 
stant villi  coarser  sizes,  but  with  finer  sizes  tht 
increase  </'  surfaa  is  murk  more  rapid  than  the 
work  required  to  product  it."  To  appreciate  this 
conclusion  to  its  full  extent,  it  must  be  noted 
that  Van  Reytt's  tests  referred  rather  to  course- 
grinding  machine*  only,  as  rock-breakers;  rolls, 
stamps,  etc.  and  that  the  conclusion  is  not   even 

-  Richards'  ( >re  Dressing. 


quite  exhaustive,  as  the  discrepancy  comes  not  so 
much  in  with  the  fineness  as  with  the  number  of 
the  grades  by  which  the  bodies  are  to  be  reduced. 
In  comparing,  for  instance,  the  efficiency'  of  tube 
mills,  where  the  reduction  in  size  extends  over  a 
range  of  a  few  grades  only,  the  calculation  by 
fractures  exposed  gives  fairly  correct  and  accept- 
able figures  as  far  as  the  reduction  of  the  sands  is 
concerned,  but  the  error  becomes  at  once  apparent 
if  also  the  reduction  of  the  banket  ore-feed  is 
considered,  or  in  general  by  opposing  coarse- 
crushing  to  fine-grinding.  If  Rittinger's  theory 
were  correct,  practically  all  the  work  done  in 
crushing  would  be  represented  in  the  finest  grades 
only,  and  no  credit  is  given  for  the  hard  work 
done  in  exposing  the  comparatively  small  percent- 
age of  fractures  whilst  reducing  the  larger 
particles.  Even  a  large  amount  of  coarse  sands 
directed  to  the  tube  mills  for  regrinding  would 
represent  only  a  comparatively  small  percentage 
of  the  mechanical  valu-B  represented  in  the  battery 
pulp  and  contrary  to  practical  experience  the 
efficiency  of  stamps  would  increase  with  the  fine- 
ness of  the  battery  screens  in  consequence  of  the 
greater  output  in  the  finest  grades. 

In  conclusion,  I  must  say  that  we  are  rather 
late  in  discussing  Rittinger's  so-called  law.  which 
— never  recognised  by  any  authority — is  taking 
its  last  breath  in  some  mining  books.  More 
than  20  years  ago  Prof.  Fr.  Kick's  works  and 
experiments  closed  definitely  the  discussion  on 
this  matter,  but  since  the  withdrawal  of  a  slander 
does  not  go  through  the  same  channels  as  the 
original  slander,  it  will  take  some  time  before 
this  recognised  error  is  stamped  out-  in  all  side- 
issues. 

H.  Stadler. 
Johannesburg, 

26th  August,  1 909. 


Erratum. 


PRECIPITATION  FROM  CYANIDE 

SOLUTIONS    BY   ZINC   SHAVINGS     AM) 

DUST:    A  COMPARISON  OF  RESULTS 

AND  COSTS. 

By  Allen  J.  Clark  (Associate) 

The  following  correction  to  the  above  paper 
(Journal  for  January,  1909,  p.  223)  has  been 
receivi  d  from  the  author  :  — 

In  the  items  of  "  Dollars  recovered,  total,"  the 
figures  as  published  are  :  — 

As  published     ...     $1,513  $1,513 

Should  read        ...        1,513  1,712 
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Obituary. 


The  death  of  Mr.  John  Da  vies,  a  member  of 
the  Society,  i.s  recorded  with  regret. 

Mr.  Davies,  who  joined  the  Society  in  Febru- 
ary, 1899,  was  for  many  years  connected  with 
the  Geldenhuis  Deep,  Limited,  both  as  mine 
captain  and  subsequently  as  mine  manager. 
About  a  year  ago  ill-health  compelled  him  to 
resign  his  position  He  always  took  a  keen 
interest  in  the  Society's  work. 


Notices  and  Abstracts  of  Articles  and 
Papers. 


CHKMLSTRY. 

Precipitation  of  Arsenic  by  Hydrogen  Sul- 
phide.— "  Arsenic  acid  is  reduced  quickly,  and  the 
precipitation  of  arsenious  sulphide  accelerated,  if,  to 
i he  strongly  acid  (hydrochloric)  solution  of  the 
arsenic  acid,  a  small  quantity  of  hydriodic  acid  he 
added,  before  the  hydrogen  sulphide  is  introduced. 
The  reduction  and  precipitation  is  still  further 
hastened  when  the  solution  is  heated.  The  arsenious 
sulphide  is  precipitated  almost  immediately,  and 
the  supernatant  liquid  remains  clear  ;  only  after  a 
time  is  sulphur  precipitated.  Potassium  or  ammo- 
nium iodide  may  he  used  in  place  of  hydriodic  acid." 
L.  L.  DE  Koninck,  Pull.  Soc.  Chim.  Pelg.,  1909,  ?<?, 
88-93. — Journal  of  the  Society  of  Chemical  Industry, 
April  31,  1909,  p.  330.     (A.  Y\'.)' 


Sulphub  in  Coal  and  Coke.— "The  author  has 
made  a  comparative  study  of  the  methods  in  common 
use  for  the  de  term  in  at  ion  of  sulphur  in  coal  and  coke. 
The  conclusions  arrived  at  are  :  (1)  Eschka's  method 
fur  total  sulphur  is  liable  to  he  inaccurate  with  coals 
containing  more  than  •_'  ,  and  the  process  of  Hundes- 
hagen  (this./.,  L893,  in."),  1062)  gives  results  which 
are  no  hetter.  (2)  Sauer's  method  of  determining 
the  so-called  volatile  sulphur  should,  especially  with 
cnals  yielding  much  gas,  be  modified  as  follows: 
The  combustion  tube  is  constricted  to  5  ~  nun.  for 
3-5  cm.  of  its  length  mar  the  centre,  the  space  I  ieing 
tilled  with  piece- of  platinum  wire,  and  this  contact 
substance  is  strongly  heated  before  the  boat  is  pushed 
into  the  tube  :  the  gaseous  products  are  passed 
through  bromine  water  or  1%  hydrogen  peroxide 
solution,  the  stream  of  oxygen  being  very  carefully 
regulated.  This  is  regarded  as  the  most  reliable 
method  of  determining  volatile  sulphur:  that  of 
I'feitler  (this  ./  ,  L905,  943)  is  only  suit  able  for  obtain 
ing  rapid  approximations.  (3)  The  sodium  peroxide 
method  of  determining  total  sulphur  (this  ./..  1904, 
131)  may  he  used  when,  speed  rather  than  absolute 
accuracy  is  essential  :  a  stout  platinum  wire  should 

however  he  u-ed  for  the   ignition   instead   of  an    iron 
wire;   a    more   dilute    ehl ate    solution    should     he 

employed  :  ami  the  liquid  containing  the  chromate, 
after  neutralisation  by  ammonia,  should   he  trans 

ferred  to  a  graduated  cylinder  and  an  aliquot  [tart  of 

the  (dear  liquid  titrated,     (It  Accurate  values  are 

rapidly  obtained   with   the  caloi imet lie   bomb,    hut 
sulphur   may  remain    in  the  ash,  if   the  proportion  of 

this  he  high,  and  it  is  sometime-   neee--ai\    lii  add   a 


substance  capable  of  raising  the  temperature  of  com- 
bustion, in  order  to  ensure  complete  oxidation  of  the 
sulphur.  (5)  Prunck's  method  (this  ./..  1905,  lost), 
in  all  cases  :_:i\es  accurate  results,  and  the  author 
considers  thi-  the  most  suitable  method  for  determin- 
ing total  sulphur,  but  it  should  he  modified  as 
follows  ;  —  Platinum  is  used  as  a  contact  substance  in 
the  combustion  tube  and  hydrogen  peroxide  solution 
as  an  oxidising  absorbent  :  after  combustion,  the 
content-  of  the  platinum  hoat  are  treated  at  once 
with  hydrochloric  acid  and  the  mixture  evaporated 
to  dryness  on  the  water-hath,  the  hydrogen  peroxide 
solution  being  made  alkaline,  boiled  to  decompose 
excess  of  the  reagent,  aid  added  to  the  residue  ;  the 
whole  is  then  acidified  with  hydrochloric  acid  and 
filtered  from  the  silica,  and  the  sulphuric  acid  deter- 
mined gravimetrically,  titration  being  inadmissible. 
The  determination  of  volatile  sulphur  is  looked  upon 
a-  of  little  practicable  value,  since  it-  amount  depends 
on  the  conditions  of  Vanning,  and  results  obtained  by 
combustion  in  oxygen  cannot,  therefore  indicate 
what  would  obtain  in  an  ordinary  furnace.  The 
sulphuric  acid  produced  in  the  above  processes  of 
determination  may  in  most  cases  he  titrated,  either 
by  the  benzidine  method,  as  modified  by  Friedheim 
(this  ./.,  1907,  116)  or  by  Bruhn's  modification  of  the 
(Inornate  method,  which  should  he  carried  out  in  the 
following  manner  : — An  aqueous  emulsion  of  barium 
chromate,  precipitated  trom  boiling  solution,  is 
prepared  so  as  to  contain  about  0*05  gm.  of  barium 
chromate  per  c.c.  and  5  c.c.  of  this  well-shaken 
mixture  diluted  with  50-100  c.c.  of  water,  are  acidi- 
fied with  1  c.c.  of  strong  hydrochloric  acid,  and  added 
to  the  boiling  solution  to  he  tested  :  boiling  is  con- 
tinued for  some  time,  and  then  the  excess  01  barium 
chromate  is  precipitated  with  ammonia,  the  excess  of 
ammonia  boded  off,  and  the  filtered  liquid  cooled  in 
a  idosed  flask  ;  20  c.c.  of  strong  hydrochloric  acid  and 
20  c  c.  of  10%  potassium  iodide  solution  are  then 
added,  the  solution  made  up  to  ."inn  c.c,  and.  after 
half  an  hour,  titrated  with  thiosulphate."  —  M. 
Holligek,  "Z.  angew.  Chem.,  1909,  .'.'.  136-449,  493- 
497.—  ■Jourmil  of  tht  Society  of  Chemical  Industry, 
April  15,  1909,  p.  357.     (A.  \Y.) 

Ferrous  Ikon  in  Magnetite.  "  Ealf  a  gramme 
ot  ore  is  weighed  into  a  50  c.c.  platinum  crucible 
which  is  titled,  as  closely  as  possible,  into  an 
opening  in  an  asbestos  board.  The  ore  is  thoroughly 
moistened  with  water  and  a  couple  of  coil-  of  plati- 
num wire  added  to  prevent  bumping.  A  cold  mixture 
of  lo  t-.r.  of  hydrofluoric  acid  and  15  c.c.  of  dilute 
sulphuric  acid  (1  :3)  is  added  and  the  crucible  quickly 
covered  with  a  tightly  fitting  lid.  A  ii  in.  funnel, 
coated  inside  with  paraffin  wax  and  connected  to  a 
carbon  dioxide  generator  is  placed  over  the  crucible 
and  its  junction  with  the  asbestos  hoard  mule  air- 
tight by  pourings  little  water  round  it.  In  a  few 
minutes,  t  he  air  i-  completely  expelled  by  t  he  carhon 

dioxide  and  decomposition  started  by  heating  the 
contents  to  boiling  and  maintaining  at  gentle  ebulli- 
tion.    When   decomposed,    i.e.,   ••'iter  a  little  more 

than  5  minutes,  the  crucible  i~  allowed  to  < 1  and 

when  the  steam  inside  ha-  condensed,  the  crucible, 

with    the    lid    hell    tightly  on,  is    placed    inahe.iker 

containing  100  500  r.c  <\  cool  boiled  distilled  w .iter. 
The  contents  of  the  crucible  Bre  quickly  mixed  with 
the  water,  a  solution  containing  sufficient  calcium 
phosphate  to  precipitate  the  excess  of  hydrofluoric 

acid    added    and    the   solution   titrated,  as   rapidly  as 

possible,  with  a  standard  solution  of  potassium  per- 
manganate, the  first  permanent  coloration  being 
taken   a-   the  end    point.      I  ontrol   determinations 
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should  also  be  made.  Duplicate  assays  should  agree 
within  O'l  o.c.  of  permanganate.  The  strength  of 
the  permanganate  solution  is  such  that  1  c.c.  i-  equi- 
valent to  0-0025  gin.  of  iron.  The  calcium  phosphate 
solution  for  0*5  gm.  of  ere  is  made  by  suspending 
5  gm.  of  calcium  carbonate  in  50  c.c.  of  distilled 
water  and  slowly  stirring  in  10  c.c.  of  85%  orthophos- 
phoric  arid.  The  excess  of  sulphuric  acid  remaining 
after  decomposing  the  ore  is  sufficient  for  titrating 
but  should  not  he  enough  to  prevent  tin-  precipita- 
tion of  the  calcium  fluoride. " — R.  B.  Gag-E,  Journal 
<f  the  American  Chemical  Society,  1909,  31,  381-385. 
—J i,n nml  nf  tin  Society  "/'  Chemical  Industry,  April 
15,  1909,  p.  367.     (A.  W.) 

Gold  i\t  Copper  Bullion. — "  'When  dissolving 
copper  bullion  in  concentrated  sulphuric  acid,  enough 
cuprous  sulphide  is  formed  to  interfere  with  cupella- 
tion,  unless  preceded  by  more  than  one  scorifieation. 
Most  of  the  sulphide  is  formed  at  the  beginning  of 
the  action,  but  if  acid  containing  copper  sulphate  i- 
used  to  dissolve  the  bullion,  very  little  su'phide  is 
formed.  Assay:— Heat  a  mixture  of  80  c.c.  of  con- 
centrated sulphuric  acid  and  25  c.c  of  a  16%  solution 
of  copper  sulphate,  and  when  hot  enough  to  commence 
immediate  action,  add  1  assay  ton  of  the  borings. 
When  action  ceases,  cool  and  add  while  stirring, 
-tin i  c.c.  of  water,  just  boil  and  filter.  Dry  the 
residue,  ignite  the  paper  and  scorify  together  with 
35  gm.  of  lead  and  1  gm.  of  silica,  then  cupel  and 
part.  If  silver  is  also  to  be  determined,  the  filtrate 
is  oxidised  with  potassium  permanganate  and  1  c.c. 
of  a  saturated  solution  of  sodium  chloride  and  10  c.c. 
of  a  lo  solution  of  lead  acetate  added  and  well 
stirred.  After  standing  over  night,  the  precipitate 
is  collected,  ami  added  to  the  gold  residue,  the  two 
being  scorified  together."— F.  b\  Hunt,  Engineering 
anil  Mining  Journal,  L909,  87,  465.—  Journal  of  the 
Society  nf  Chemical  Industry,  April  15,  1909,  p."  368. 
(A.  W.)  J  l 

Quartz  Combustion  Tubes.— "  Tubes  of  clear 
quartz  (silica)  were  found  to  be  well-suited  for  use  in 
organic  combustions,  and  to  be  much  longer-lived 
than  glass  tubes.  Silica  withstands  the  action  of 
copper  oxide,  lead  chromate,  etc.,  very  well  unless 
the  temperature  be  excessive  ;  at  about  900  C,  how- 
ever, copper  oxide  attacks  and  destroys  quartz  tubes. 
The  tubes  are  also  suitable  for  the  determination  of 
oxygen  in  copper  by  fusion  in  hydrogen  :  the  authors 
heat  the  tube  electrically  by  passing  a  cm  tent  of 
suitable  strength  through  a  long  strip  of  platinum, 
or  iridium-platinum,  which  is  wound  round  the  tube 
and  surrounded  by  a  coating  of  asbestos  cloth.  For 
the  determination  of  carbon  in  steel,  the  quartz  t u  1  e 
was  surrounded  by  two  separate  sections  of  stout 
iridium-platinum  foil  at  a  short  distance  from  each 
other,  each  section  being  enclosed  in  two  fireclay 
semi-cylinders  which,  in  turn,  were  covered,  with 
asbestos  cloth.  The  sections  were  so  wired,  that  the 
current  could  be  passed  through  either  section,  or 
both.  The  steel  to  be  analysed  was  placed  in  a  boat 
surrounded  by  a  piece  of  iridium-platinum  foil  rolled 
into  the  form  of  a  tube  in  order  to  prevent  injury  to 
the  quartz  by  the  sparks  of  oxidised  metal.  The 
boat  itself  was  protected  from  the  action  of  the  burn- 
ing steel  by  placing  a  layer  of  ignited  alumina  in  the 
bottom.  Since  steel,  when  burning  in  oxygen, 
suddenly  absorbs  a  large  quantity  of  oxygen,  means 
have  to  be  provided  for  supplying  a  sufficient  quan- 
tity of  the  gas  at  the  moment  that  it  is  required. 
For  this  purpose,  the  supply  of  oxygen  to  the  com- 
bustion tube  is  passed  thiough  a  Y-tube,  one  arm  of 


which  communicates  through  a  trap  with  the  open 
air.  The  oxygen  is  passed  into  the  tube  at  such  a 
rate,  that,  before  the  steel  begins  to  burn,  a  portion 
escapes  into  the  air,  the  rate  of  the  gas  passing 
through  the  potash  bulbs  at  the  other  end  of  the 
combustion  tube  being  controlled  by  the  action  of  an 
exhaust  pump.  When  the  steel  burns,  the  escape  of 
oxygen  into  the  air  ceases,  and  air  itself  is  drawn 
into  the  combustion  tube,  mixing  with  the  oxygen 
and  passing  through  the  same  purifying  apparatus. 
The  oxidation  of  the  carbon  monoxide  evolved  during 
the  combustion,  is  effected  by  packing  the  exit  end 
of  the  combustion  tube  with  a  mixture  of  platinised 
quartz  and  platinum  scrap,  and  a  supplementary 
supply  of  oxygen  is  admitted  to  this  end  of  the  tube 
through  a  side  tube  which  ends  just  in  front  of  the 
oxidising  mass.  A  piece  of  silver  foil,  [placed  just 
before  the  boat,  protects  the  rubber  stopper  from  the 
intense  radiation  characteristic  of  quartz  tubes.  The 
results  obtained  agree  well  with  each  ot  her.  and  differ 
by  less  than  0'02%  from  those  given  by  the  solution 
method."— A.  G.  Levy,  Analyst,  1909,  34,  88-95. 
Journal  of  the  Society  of  Chemical  Industry  April  15. 
1909,  ]..  384.     (A.  W.) 


New  Applications  or  Electro-Mktallurgic  \l 
Alloys.  —"Among  the  alloys  prepared  by  means  of 
the  electric  furnace  the  most  important  are  those 
containing  iron,  and  particularly  the  ferro-silicons. 

Substances  prepared  in  this  way  have  a  percentage 
of  silicon  varying  from  20  to  75%,  the  most  usual 
being  2U  to  25,  50  to  :<:>.  and  7i»  to  75    . 

Ferro-silicons  with  percentages  above  20%  are 
insoluble  in  acids. 

Thus.  i,v  using  high  percentage  ferro-silicons, 
apparatus  practically  unaffected  by  acids  are  obtained. 

In  answer  to  the  question  whether  the  problem  of 
constructing  apparatus  for  the  preservation  of  acids 
is  solved  by  making  use  of  metallic  silicides,  it  may 
be  said  that  (1)  these  substances  are  very  fragile  ; 
(2)  they  contract  considerably  on  cooling,  often 
breaking  in  the  mould  when  scarcely  solid  and  still 
at  a  bright  red  heat  :  (3)  their  melting-point  is  low 
compared  with  the  temperatures  occurring  in 
ordinary  foundry  practice — e.g.,  the  second  melting 
in  a  coke  or  furnace  gas-heated  cupola  ;  and  (4) 
certain  of  these  compounds  are  powerful  reducing 
agents,  so  that  an  effect  similar  to  that  produced  by 
aluminium  may  occur.  In  consequence,  fusion  in 
the  presence  of  the  air  necessary  for  combustion  of 
the  coke  or  furnace  gas  is  impossible  without  con- 
siderably lowering  the  percentage  of  silicon  (especi- 
ally in  rich  ferro-silicons — i.e.,  about  35  |  to  such  a 
point  that  sometimes  it  will  become  as  low  as  15  . 
and  thus  give  alloys  which  are  attacked  by  moderately 
strong  acids. 

Manufacture  of  Apparatus. — The  first  part  of  the 
process  consists  in  obtaining  melted  metal  suitable 
for  pouring  into  the  moulds. 

The  simplest  and  most  used  of  these  methods  consists 
in  pouring  alloys,  melted  in  that  apparatus,  directly 
from  the  electric  furnace  into  a  mould  lined  with 
some  refractory  material.  The  mixture  is  then  made. 
In  a  second  method,  the  alloys  obtained  from  the 
electric  furnace  are  remelted  in  an  oil.  or  in  certain 
cases  in  a  crucible,  furnace  and  then  casl  into  ingots. 
Once  the  liquid  metal  is  obtained,  metals  for  correc- 
tive purposes  are  added.  The  number  ami  nature  of 
these  jv  practically  infinite  for  any  particular  case. 
They  are  added  directly  to  the  metal  in  the  casting 
ladle,  usually  with  aluminium,  which  raises  the 
temperature  of  the  bath  and  increase-  the  fluidity. 
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"When  the  ladle  is  ready  it  is  used  mechanically, 
by  a  travelling  crane,  and  carried  quickly,  to  prevent 
cooling,  to  the  mould.  The  pouring  is  effected  hy 
ordinary  means  without  any  special  precautions. 

The  casting  is  removed  as  soon  ;is  it  solidifies,  is 
turned  ont  into  the  warm  casting  sand,  and  thus 
annealed  at  a  bright  red  heat.  It  is  then  ready  for 
use. 

//.  sistance  to  Acids. — The  resistance  of  the  metallic 
alloy-  of  silicon,  which  have  been  called  '  Metillures,' 
to  acid9  is  quite  interesting,  as  the  following  examples 
will  show.  Nitric  acid,  even  as  a  vapour,  such  as  is 
obtained  at  the  exit  of  a  bisulphate  retort  or  wben 
mixed  with  nitrous  acid,  does  not  affect  them  at  all. 
A  striking  example  of  this  is  given  by  a  pipe  which 
ha-  been  submitted  for  neatly  five  years  to  the  daily 
passage  of  660  lb.  of  nitric  acid  vapour  at  tempera- 
tures varying  from  150  to  200c  without  its  loss  in 
weight  exceeding  a  few  decigrams  in  a  total  weight 
of  a  score  <>f  kilogrammes.  This  loss  occurred  quite 
at  the  beginning  of  the  period,  and  was  probably  due 
to  a  few  impurities  remaining  on  the  inner  surface  of 
the  pipe  after  fusion. 

Sulphuric  acid  lias  still  less  effect,  and  acids  of 
strength  from  20  to  ■?.'>,  known  as  petites  eavx,  may 
lie  concern  rated  in  vessels  of  this  kind  hy  direct  heat- 
ing ami  continuous  evaporation. 

Hydrochloric  acid  is  analogous  in  its  action,  and 
use  has  been  made  of  pipes  of  the  above  material  for 
carrying  and  condensing  its  gases. 

Acetic  acid  and  the  mixture  produced  ly  treating 
calcium  acetate  w  ith  sulphuric  acid  are  without  efft  cl 
on  '  Mel  dimes,"  even  in  the  presence  of  air. 

/,  /'/    other    Reagents.  --  An    important 

English  firm  has  obtained  figures  relating  to  the 
resistance  of  '  Metillures'  to  the  action  of  cyanides, 
sulpho-cyanides,  and  prussic  acid.  The  results  are 
very  remarkable,  for  they  show  loth  that  the  un- 
attackability  in  en  ases  with  the  percentage  of  silicon, 
while  foi  a  suitable  percentage  it  is  practically 
negligible. 

To  -nm  up.  it  may  he  -aid  that  the  production  of  a 
material  capable  of  resisting  acids  is  an  accompli  she  d 
industrial  fact,  and  the  principal  desiderata  are 
realised.  It  remains,  however,  to  remedy  the  un- 
malleability  of  these  substances.  This  question  is 
actually  being  studied,  and  a  solution  seems  probable 
in  the  near  future." — A  1).  JouVE.-  Transactions  <>t' 
//„■  Faraday  Society,  April,  1909,  \>.  155.    (H.  A.  W.) 

Formation  of  Graphite  by  the  Interaction 
"i  Magnesium  Powdeb  and  Carbonates 
"Winkler,  in  an  investigation  of  the  action  of  mag- 
nesium on  the  carbonates  of  the  alkaline  earth-, 
showed  thai  the  carbonates  were  readily  reduced  on 
heating,  and  amorphous  carbon  was  produced  in  the 
reaction.  The  properties  of  this  carbon  were  not 
investigated  by  Winkler  or  by  Maquenne,  who  also 
studied  the  reaction  between  magnesium  and  the 
alkaline  eaith  call  onates. 

I>i  ring  an  investigation  of  the  act  ion  of  magnesium 
powder  mi  various  carbonates  quantities  ol  carbon 
were  produced,  and  the  object  of  the  present  paper  is 
toshow  that  this  carbon  is  a  mixture  of  amorphous 
cat  hoi  i  and  graphite  ;  in  some  cases  it  consists  almost 
entirely  of  graphite.  The  graphite  is  non-intumescent. 

A  mixture  of  a  carbonate  and  magnesium  powder 
does  not  require  heating  before  action  commences. 
If  such  a  mixture  be  ignited  in  one  portion  by  a 
match  or  by  means  of  burning  magnesium,  a  reaction 
similar  to  Goldschmidt's occurs, and  proc Is  through- 
out the  whole  mass  mote  or  less  vigorously  ;  in  many 
ca-e-  ('(»  is  evolved,  which  causes  much  of  the  ion 


tents  of  the  crucible  to  be  ejected ;  if  the  metal  is  of 

comparatively  low  boiling-point,  this  distils  off  and 
burns  and  so  renders  the  reaction  more  violent.  Since 
this  reaction  was  accompanied  hy  very  high  tempera- 
ture, and  since  at  high  temperatures  graphite  i-  the 
stable  form  of  carbon,  it  was  thought  that  the  carbon 
would  be  present  in  this  form.  In  all  cases  this  was 
found  to  he  so,  although  amorphous  carbon  was  al-o 
present,  the  graphite  being  formed  a-  such  or  formed 
from  amorphous  carbon  at  the  extremely  high  tem- 
perature of  the  reaction. 

The  reaction  betweeu  barium  and  strontium 
carbonates  and  magnesium  powder  when  carried  out 
in  open  crucibles  always  produced  the  carbide, 
nitride,  and  large 'amounts  of  cyanide:  when  the 
reaction  took  place  in  closed  tins,  the  carbides  only 
were  produced.  With  calcium  carbonate  no  carbide, 
nitride,  cyanamide,  or  cyanide  was  produced  when 
open  crucibles  were  used:  when  the  reaction  t"ok 
place  at  high  temperatures  in  closed  tin-,  calcium 
carbide  only  was  produced.  Since  results  differing 
from  tin  se  of  WiDkler  and  Maquenne  were  obtained, 
a  subsequent  paper  on  this  subjeel  will  be  given. 

It  is  wed  known  that  most  carbides  dissolve  carbon 
and  deposit  them  in  the  form  of  graphite;  that  i  he 
graphite  was  not  obtained  in  this  way  is  evident  from 
the  fact  that  the  mass  had  not  a  fused  appearance, 
hut  was  a  very  soft  powder."'  -H.  RUSSELL  ELLIS. 
Transactions  of  tin  Faraday  Society,  April.  1909, 
p.  173.     (H.  A.  W.) 


Notes  on  hie  Iodide  Method  foe  Coppeb 
Ass  \YS.-  "  There  has  been  considerable  controversy 
on  the  question  of  the  iodide  and  electrolytic  estima- 
tion of  copper,  hut  a  few  further  notes  on  the  subject 

lna\    i  e  welcome. 

Perhaps  Van  Agnev  (Siberia)  claims  m<  re  for  the 
iodide  method  than  does  any  other  writer  on  the 
subject.  His  letter  to  the  Engineering  and  Minim/ 
Jim,  hiiI.  tith  April.  1905,  reviews  the  method  and  the 
effect  ot  its  operation  at  the  works  to  which  he  is 
attached.  Among  other  things,  he  says:  -It  is 
mere  trifling  to  'monkey1  with  tin'  battery  assay, 
for  in  my  mind  all  doubt  regarding  the  accuracy  of 
the  iodide  method,  as  compared  with  the  battery 
method,  ha-  long  been  removed.1  He  go<  -  on  to  say 
that  they  refine  their  own  copper,  ami  the  iodide 
met  hod  of  assaying  i-  adopted  .\  en  on  metal  running 
up  to  99-56  '  Cu.  He  says:  'Our  results  are 
checked  in  Mo-cow  hy  the  battery  method,  and  we 
invariably  agree.' 

Thorn  Smith,  writing  in  reply  to  Van  Agnew, 
stated  that  the  battery  assay  was  far  ahead  of  the 
iodide    method.        To    quote    his    own      words:    '  The 

iodide  method  cannot  he  compared   with  the  battery 

method  for    accurate    work.        In    work    where   strict 

accuracy  is  not    required   it   answers  perfectly.       In 

buying  or  selling  ,  where  a   few  tenths  pei 

are  df  importance,  this  method  is  entirely  out  ot 
place.1 

The  discussion  is  an  interesting  one,  and  tin-  note 
is  written  with  the  hope  that  an  Australian  experi- 
ence may  he  appreciated,  and  perhaps  will  cause 
discussion  here,  and  so  bring  out  further  point-  in 
fa\  our  of  resppcl  ive  met  hod-. 

The  writer  has  had  an  experience  of  six  months' 
assaying  with  the  iodide  method  against  the  electro- 
lytic wliil-i  employed  in  the  Wallar listrict.     The 

-eller  adopied  the  iodide  method  by  force  of  circum- 
stances, and  tin-  buyer  adopted  or  was  in  the  habit 
of  using  the  electrolytic  method.  For  six  months 
about  three  samples  a  week  were  assayed  ly  the 
different  parties,  and  during  the  whole  time  not  10 
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per  cent,  had  occasion  to  be  umpired.  The  limit  of 
■difference  -was  0*3%  Cu  on  mattes  and  05%  Cu  on 
ores.  The  matte  contained  about  35  to  40  per  cent. 
Cu,  and  the  ores  from  3  to  40  per  cent.  Cu.  Of  the 
umpired  samples,  55  per  cent,  were  wyn  by  the  buyer 
and  45  per  cent,  by  the  seller.  The  umpire  assay 
was  the  iodide  method.  On  working  out  the  total 
difference  for  the  period  for  six  months,  it  was  found 
to  be  0-l  %  in  favour  of  the  electrolytic.  As  the  ore 
and  matte  contained  traces  of  Ni,  As,  Sb  and  Se, 
some  of  the  difference  may  have  been  due  to  the 
precipitation  of  these  metals  on  the  '  plate.'"  It  was 
very  satisfactory,  and  as  the  umpire  at  times  fore 
out  the  assay  by  the  battery  method,  and  as  the 
whole  work  done  showed  such  a  small  differ- 
ence, it  would  be  safe  to  say  that  at  least  on  one 
class  of  ores  tlie  iodide  for  all  practical  purposes  was 
as  good  as  the  battery.  It  was  considered  at 
"Wallaroo,  so  I  have  been  told,  that  for  most  ores  and 
mattes — that  is,  if  they  were  not  too  high,  like  re- 
fined copper,  etc.,  or  too  low,  like  low  grade  ores  and 
tailings,  one  method  was  as  good  as  the  other.  In 
Broken  Hill,  where  the  selling  difference  is  1  per 
cent.,  these  facts  may  seem  rather  far-fetched,  but  it 
is  quite  true  in  every  particular. 

An  experiment  was  tried  by  myself  to  test  the 
accuracy  of  the  method,  as  follows*  .-—A  matte  was 
assayed  in  the  usual  manner  by  myself,  then  sent  to 
Adelaide  to  one  of  the  leading  "(inns  of  aasayers 
there,  and  another  portion  sent  lo  Wallaroo  — 

Assayer  for  seller 327    %  Cu  iodide 

Adelaide  assayer    ..  ...     32-7    %  ,, 

Wallaroo  assayer 32-78  %  electrolytic 

The  selling  assayer  knew  nothing  about  the  ex- 
periment being  made,  as  his  assay  was  made  before 
the  experiment  was  contemplated. 

This  matte  was  then  taken,  1  gm.  weighed  out, 
and  0'2  gm.  of  pure  copper  added,  and  the  mixture 
assayed  in  the  usual  manner. 

Cu  in  matte  by  above  assay  ..          ...     =  0*3270  gm. 
Cu  added,  0-2  grm.  (999  fine)           ...     =0-1998    ,, 
Total  Cu.  in  mixture  =  0-5268    ,, 


Cu  actually  found  by  experiment    ...     =  05266    ,, 

It  can  easily  be  seen,  therefore,  that  the  error  in 
the  estimation  is  very  small  indeed. 

My  experience  with  the  method  showed  that  the 
amount  of  iron  in  the  ore  affected  the  precipitation 
of  the  copper  by  aluminium,  and,  in  fact,  the  assay 
generally.  For  instance,  if  1  gm.  of  a  very  ferru- 
ginous ore  was  taken,  all  the  nitric  acid  and  oxide 
could  not  be  expelled  by  sulphuric  acid,  even  after 
taking  to  the  densest  fumes  ;  on  testing  the  residue 
for  nitric  acid  its  presence  was  always  shown,  but  by 
using  a  smaller  quantity  the  trouble  was  got  rid  of. 
The  same  thing  has  been  noticed  with  zincy  ores 
Avhen  assaying  for  lead.  The  iron  would,  besides 
retarding  the  precipitation  of  the  copper,  be  pre- 
cipitated with  it,  and  later  on  interfere  with  the  end 
point  if  present  in  too  great  a  quantity. 

After  precipitating  the  Cu  by  Al,  I  invariably 
noticed  that  there  was  a  certain  amount  of  Cu  left  in 
solution,  especially  if  the  Si02  content  of  the  ore  was 
high.  A  little  H2S  water  added  to  the  clear  liquid 
after  decantation  from  the  Cu  completely  precipi- 
tated the  last  tiaces  of  the  Cu  in  solution.  The 
CuS  thus  precipitated  was  filtered  off.  The  Cu  from 
the  Al  precipitation  dissolved  in  nitric  acid,  and  the 
beaker  placed  under  the  funnel  containing  CuS,  and 
the  CuS  dissolved  through  into  the  beaker  by  drop- 
ping 5  c.c.s.  bromide  water  over  it.  The  action  of 
the  Br  water  is  to  dissolve  the  CuS  immediately. 
Besides  being  useful  in  this  respect,  the  Br.  has  other 


functions  ;  it  oxidises  any  arsenious  compounds,  the 
higher  state  of  oxidation,  and  also  is  material  in 
driving  out  N(  >.,  fumes  at  a  later  stage. 

I  found  it  best  even  when  Br  was  present  to  con- 
centrate the  solution  of  copper  nitrate  to  a  syrup 
before  neutralising.  This  lessens  the  amount  of  soda 
necessary  to  neutralise  the  solution,  and  removes  all 
N02. 

I  found  sodium  carbonate  the  quickest  f  >r  neutra- 
lising. One  c.c.  of  a  saturated  solution  was  usually 
sufficient.  If  ammonia  were  used  a  further  boiling 
was  necessary,  and  then  a  wait  whilst  cooling. 

The  bulk  for  titrating  was  about  75  to  Kill  c.c.s., 
and  the  assay  was  titrated  in  flasks.  In  the  hot 
weather  the  water  bag  was  utilised  for  cooling 
purposes. 

A  weak  solution  of  thiosnlphate  was  used  (X  Hi), 
and  one  drop  was  sufficient  to  cnuse  the  disappear- 
ance of  the  blue  color.  If  the  flue  color  returned 
quickly,  the  a«say  was  considered  worthless.  Instead 
of  throwing  it  away,  it  was  evaporated  with  UNO., 
to  a  syrup,  and  then  proceeded  with  as  usual,  ami 
the  result  considered  as  a  check  on  the  other  assays 
if  the  blue  color  did  not  again  return. 

For  low  grade  ores  and  tailings,  I  have  found  the 
iodide  unsuitable  in  many  ways,  and  after  experi- 
menting adopted  the  "Permanganate"  method,  as 
described  in  "Low's  Technical  Analysis,"  second 
edition.  This  method  has  been  checked  at  Wallaroo 
against  the  electrolytic,  and  their  experience  and 
mine  agree  to  the  fact  that  the  method  is  a  reliable 
and  a  quick  one. 

There  is  always  a  necessity  to  test  reagents. 
Time  and  again  I  found  the  acetic  acid  t<>  contain 
Cu." — K.  T.  D.  AVilliams,  Australian  Mining  <<n<l 
Engineering  Review,  April,  1909  (H.  A.  W.) 


Ozone  Manufacture.  — "  The  value  of  ozone  as 
a  disinfectant  is  well  knowm,  and  many  apparatus 
have  been  designed  for  the  production  of  this  gas. 
The  most  familiar  method  of  generating  ozone  is  by 
means  of  the  silent  or  brush  discharge,  and  this 
requires  a  transformer  using  an  alternating  current 
or  an  interrupted  direct  current.  A  new  method  of 
making  ozone  has  just  been  devised,  in  which  a  con- 
tinuous curient  is  used,  and  the  transformer  is  elimi- 
nated. It  consists  of  a  tube  provided  with  a  small 
fan,  adapted  to  draw  the  air  through  it.  In 
the  centre  of  the  tube  is  a  Nernst  rod.  The  rod  is 
first  heated  to  the  proper  degree  by  a  beating  coil, 
after  which  the  coil  is  disconnected  in  the  usual 
manner,  and  the  current  passes  directly  through  the 
rod,  which  is  thus  rendered  incandescent.  At  the 
same  time  the  fan  is  automatically  started.  Ozone 
is  produced  by  the  contact  of  the  air  with  the  incandes- 
cent Nernst  rod.'' — Indian  Engineering,  May  22, 
1909,  p.  333.     (A.  R.) 


Determination  of  Nickel.— "  For  the  determi- 
nation of  nickel  in  steels,  such  as  nickel-steel  and 
nickel-chroinc-steel,  the  methods  of  Brunck  (this  ,/., 
1908,  284)  and  Grossmann  (this  J.,  1907,  718)  are  both 
to  be  preferred  to  the  electrolytic  method  (which, 
though  accurate,  is  tedious)  if  proper  precautions  be 
taken.  Brunch's  method  leads  to  good  technical 
results,  if  an  hour  be  allowed  for  the  reaction,  but 
24  hours  are  required  for  the  maximum  accuracy. 
In  applying  Grossmann's  method  to  the  analysis  of 
steel,  1  gm.  of  the  drillings  is  dissolved  in  2(1  c.c  of 
hydrochloric  acid  (sp.  gr.  1'12),  the  solution  is 
oxidised  with  6-7  c.c.  of  nitric  acid  (sp.  gr.  1"20), 
evaporated  to  15  c.c,  and  allowed  to  cool.  Then  40  c.c. 
of  a  50%  solution  of  Rochelle  salt  are  added,  with 
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stirring,  followed  by  8-12  c.c.  of  strong  ammonia  to 
dissolve  the  precipitated  tartaric  acid  and  render  the 
solution  alkaline.  10  c.c.  of  an  80%  solution  of  potas- 
sium hydroxide  are  next  added,  which  should  cause 
the  solution  to  assume  a  light  green  colour,  then 
about  0*3  gni.  of  hydrazine  sulphate,  to  prevent 
interference  from  the  small  quantity  of  manganese 
present,  and  1-1  '5  gm.  of  dicyandiamidine  sulphate. 
After  24 or  48  hours,  the  precipitated  nickel  compound 
is  collected  in  a  Gooch  erucihle,  washed  (not  more 
than  live  times)  with  weak  ammonia,  and  dried  for 
30-45  minutes  at  L20°-l40c  C.  :  it  contains  22 "5  of 
nickel.  The  volumetric  method  of  determining  nickel 
with  potassium  cyanide  appears,  however,  to  he 
superior  to  either  of  the  above,  especially  as  regards 
speed,  and  it  may  be  applied  directly  to  the  analysis 
of  steels,  without  preliminary  separation  of  the 
nickel.  The  methods  of  Brunck  and  Grossmann  are 
regarded  .-is  indispensable,  therefore,  only  in  the 
analysis  of  substances  containing  much  cobalt."- 
Prettner,  Chem.-Zeit.,  1909,  83,  396,  411-412.— 
Journal  of  the  Society  of  Chemical  Industry,  May31, 
1909.  p.  525.     (A.  W.) 

METALLURGY. 

Laboratory  Screens. — Laboratory  screens  have 
recently  occupied  the  attention  of  metallurgists  and 
others  whose  duties  have  been  the  mechanical  reduc- 
tion of  ore  prior  to  concentration,  or  the  preparation 
of  cements  and  other  articles  of  commerce  requiring 
fine  grinding. 

I  have  invariably  noticed  that  sizing  tests  made 
with  msts  of  sieves  uive  a  large  amount  remaining 
on  every  other  sieve,  and  a  small  amount  on  those 
which  come  between  them.  For  instance,  a  sizing 
teal  made  over  sieves  40,  50,  <>o,  70,  80,  90,  100  gives 
results  like  the  following  :  — 

On  40-mesh  =   10-0% 


50     ,, 

=  ioo% 

60    ,, 

=     2-0% 

70     „ 

=  io-o% 

80     ., 

=     2-0% 

90    ,, 

=  io-o% 

100    ., 

=     2-0% 

hrough   100    ,, 

=  54-0% 

100-0% 

This  falling  away  in  percentage  on  the  60,  so  ami 
loo  sieves  might  happen  occasionally,  but  when  it 
always  happens  it  shows  that  the  apertures  in  these 
sieves  very  closely  approach  those  in  the  50,  70  and 
90  sieves.  This,  of  course,  is  caused  by  a  too  rapid 
change  in  the  diameter  of  the  wire  used  in  their 
manufacture.  Screens  of  this  sort  are  of  very  little 
use  for  t  he  purpose  for  w  hich  they  are  intended,  and 
unless  the  figures  obtained  from  them  are  used  by 
people  who  thoroughly  understand  the  errors  t<» 
which  they  are  liable,  they  are  apt  to  be  misleading. 
The  above  difficulty  could  be  overcome  by  making 
the  sieves  with  wire  equal  in  size  to  the  diameter  of 
the  hole.  This  would  also  enable  the  user  to  arrive 
at  the  si/e  of  the  aperture,  and  would  certainly  be  a 
great   improvement  Oil  the  present  system. 

The  Institute  of  Mining  and  Metallurgy,  at  a 
recent  meeting,  dealt  with  the  matter  of  standard 
laboratory  screens,  and  adopted  a  series  on  the  above 
lines.  In  my  opinion,  these  standard  screen-  are 
still  far  short  of  what  they  ought  to  he,  for  the 
various  screens  do  nol  show  any  simple  ratio  between 
the  volume  of  a  particle  passing  one  and  that  passing 
another.     This  1  considei   to  be  of  great  importance, 

especially    if    the    screens    are    to    he    used    in  te>l  in- 
grinding  machines  to  ascertain  their  efficiency.    This 


point  was  brought  under  the  notice  of  the  Institute 
by  Mr.  E.  J.  Horwood  before  they  adopted  the 
present  standard,  hut  they  either  did  not  see  the 
advantage  to  be  gained,  or  they  wantedtoplea.se 
those  who  were  standing  up  for  the  old  system  (mesh 
system)  as  well  as  those  for  the  new,  or  those  who 
advocate  that  sieves  should  he  known  by  the  si/e  of 
their  aperture.  At  any  rate,  I  think  they  have  made 
a  great  mistake  in  adopting  the  present  standard,  for 
reasons  which  I  think  1  can  explain. 

The  object  of  crushing  is,  naturally,  to  reduce  the 
size  of  the  particle,  and  the  amount  of  thecrushing 
which  has  taken  place  is  directly  proportional  to  the 
reduction  in  the  size  of  the  particles.  In  measuring 
the  size  of  particles  by  means  of  sieves,  we  must 
consider  the  particles  to  be  cubes.  This,  with  some 
minerals,  undoubtedly  leads  to  error  (especially  in 
the  coarser  sieves),  for  they  break  into  needle-shaped 
pieces  ;  but  i.i  the  majority  of  ores  the  tendency  is 
for  the  crushed  particles  to  approach  towards  the 
cube  or  sphere.  Consequently,  lo  arrive  at  a  simple 
ratio  between  the  screens  it  is  the  cube  of  the  aper- 
tures we  have  to  consider,  and  not  the  mesh  or  the 
aperture  alone.  Having  this  point  in  view,  I  pre 
pared  a  list  of  apertures  which,  in  my  opinion,  would 
lie  most  suitable.  I  took  for  my  largesl  aperture  one 
approximately  equivalent  to  25-mesh,  and  for  the 
linest,  <nie  equal  to  120-mesh.  The  volume  of  the 
particles  passing  the  coarsest  sieve  l/100,000th  part 
of  a  cnbic  inch.  This  I  took  as  unity,  and  went  up 
in  l/100,oooths  to  I  l,000,000ths,  then  to 
l/4,00o,O00ths  and  to  l/8,000,000ths.  This  gives  a 
sieve  ratio  of  I  to  10  in  units  and  10  to  so  in  lo'-, 
giving  1 7  sieves  altogether.  This  may  1  e  consider!  d 
a  large  number  of  sieve-,  hut  it  is  difficult  to  CUl  r 
down  if  <dosc  sizing  is  desired.  From  the  ie<|iiin  d 
volume  of  the  particles  passing  the  screen,  [calcu- 
lated the  aperture.  These,  in  many  instances,  ran 
into  a  good  many  decimal  place-,  and  it  could  not  I  e 
expected  that  the  screen  could  he  made  a-  accurately. 
I  therefore  took  the  nearesl  figure  in  the  fourth 
place,  as  various  catalogues  which  I  have  seen  give 
the  size  of  the  aperture  to  the  10,000th  part  of  the 
linear  inch.  This  adjustment  in  the  fourth  place  of 
decimals  naturally  threw  my  sieve  ratio-  out  a  little, 
hut  they  were  near  enough  for  all  practical  purposi  -. 
To  have  these  screens  made  would  undoubtedly  he 
expensive,  hut  if  they  were  generally  adopted,  so 
that  a  fair  quantity  of  each  size  could  be  ordered, 
tin'  price  would  he  materially  decreased,  and  if  u-ed 
in  the  same  quantity  as  the  pie-cut  standard  screens 
there  is  no  reason  why  they  should  not  be  manufac- 
tured at  the  same  price. 

Proposed  .Y<  w  Sit  w  s. 

No.  of  Particles  Sie> e 

Aperture.                    to  cub.  in.  Ratio. 

00215    in.  ...  100,620  ...  1 

00171  ,,         ...  200,000  ...  -' 

00149  ,,        ...  302,360  ...  3 

0-0136  ,,  397,540  ...  4 

00126  ,,         ...  500,000 

0*0119  ,,        ...  593,480  ...  <i 

0-0113  ,,         ...        693, ...  7 

00108  ,,    ...  793,800  ..  K 

0*0104   889,000  ...  9 

o-oi  ,,    ...  1,000,000  ...  10 

0*0079  ,,     .  2,028,000  ...  -" 

0*0069  ,,    ...  3,044,000  ...  3u 

0*0063  .,    ...  3,999,000  ...  40 

0*0058   5,125,000  ...  50 

00055   6,010,000  ...  6n 

0*0052  ,,    ...  7.M  I, ooo  ...  7o 

0*005  ,,       8,000, »  ..  vu 
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Screens  Adopted  by  the  Institute  of  Mining  and 
Metallurgy. 

No.  of  Pai  tides 

Mesh.  Aperture.  per  tub.  in. 

5        ..  (»l         in.         ...  1,000 

s        ...        0062    ,,  ...    .         4,196 

10         ...         005       „  ..  8,000 

12        ...        0  0416  ,,  ...  13,887 

16        ...        0  0312  ,,  ..  32,925 

20        ...        0  025     „  ...  64,000 

30  00166  ,,  ...         218,600 

40         ...         0  0125  ,,  ...  512,000 

50        ...         0-01       ,,  ...       1,000,000 

60        ..         0-0083 1,748,700 

70        ...        00071  ,,  ...      2,793,900 

so        ...        0-0062  „  ...      4,196,000 

90         ...         I)  (H»55  ,,  ...       6,010,518 

100         ...         0005     ,,  ...       S,00o. 

120         ...        00042  ,,  ...     13,497,462 

150         ...         0-0033  ,,  ...     27,826,000 

200         ...         0-0025  ,,  ...     64,000,000 

E.     T.     Henderson. —  Australian     Mining    and 

Engineering  Review,  November,  1908.     (H.A.W.) 


West  Australian  Metallurgy.—"  Although 
the  'Golden  Mile'  has  proved  to  be  the  richest  area 
of  its  size  in  the  Commonwealth,  it  is  very  remark- 
able that  so  little  gold  has  been  found  in  the  allu- 
vium adjoining  it.  There  must  have  been  a  great 
deal  of  denudation,  and  yet  there  is  remarkably 
little  debris  to  he  seen.  There  were  numerous  quartz 
veins  mixed  with  the  schist  forming  the  lodes,  and 
yet  very  little  broken  quartz  or  schist  was  found 
near  them.  The  cement,  which  in  many  places 
covered  the  lode,  had  veiy  little  ore  mixed  with  it. 
In  stoping  the  ore  up  to  the  cement,  the  latter  was 
frequently  left  as  a  natural  bridge  with  a  clean, 
smooth  soffit.  The  lake-bed  to  the  south  has  only  a 
few  inches  of  mud  on  it,  and  the  short  alluvial  leads 
that  have  been  worked  show  very  little  debris  in  the 
form  of  gravel,  and  the  gold  found  in  them  is  sharply 
angular.  There  are  no  unconformable  strata  in  the 
neighbourhood,  nor  much  depth  of  alluvium  in  the 
valleys  on  either  side  of  the  ridge  of  hills.  I  would 
like  our  friends  the  geologists,  who  are  so  well  repre- 
sented at  this  meeting,  to  explain  this  phenomenon. 
I  would  also  like  them  to  tell  us  why  so  little  tellu- 
ride  ore  has  been  found  north  of  the  Brownhill. 

The  good  ore  in  the  oxidised  zone  had  a  consider- 
able amount  of  chlorite  which  gave  it  a  greenish 
tinge,  and  it  also  had  a  good  deal  of  slimy  talc  on 
the  fracture  faces  of  the  quaitz  ;  with  depth  the 
chlorite  and  talc  giadually  disappeared.  Unless  the 
schistose  ore  was  gritty  it  was  very  seldom  payable! 
The  -old  obtained  by  amalgamation  from  this  class 
of  ore  was. worth  £4  2s.  6d.  per  oz.  ;  that  obtained 
from  the  unoxidised  ore  in  the  same  mines  is  worth 
about  £3  15s. 

Immediately  under  the  oxidised  ore  the  tellurides 
were  most  plentiful  and  varied.  Besides  the  various 
tellurides  of  gold  and  silver  there  was  telluride  of 
mercury,  but  below  1,000  ft.  very  few  specimens  of 
telluride  of  mercury  have  been  found.  Below  this 
depth  sulphides  of  copper,  antimony,  cadmium  and 
zinc  are  seen  occasionally,  and  a  iittle  sulphide  of 
arsenic  has  been  found  in  one  lode  on  the  held,  from 
the  surface  downwards  as  far  as  the  lode  has  been 
worked— over  2,000  ft,  Native  gold-amalgam  was 
found  on  one  mine  on  the  held  in  the  oxidised  zone. 
The  unoxidised  ore  always  contains  pyrites.  I  would 
also  like  the  geologists  to  tell  us  why  the  coarsely 
crystallised  pyrites  are  always  poor  and  the  very 
line  always  good.      The   quartz  in  the  lode  down  to, 


say,  1,000  ft.,  was  of  a  more  vitreous  nature  than  . 
below  that  point;  with  greater  depth  it  became  more 
opaque,  jaspery,  and  harder.  Secondary  felspar- 
quartz  cross-veins,  all  dipping  at  an  angle  of  about 
45°  northwards,  are  found  in  the  better  portions  of 
the  lodes,  and  seem  to  have  had  something  to  do 
with  the  distribution  of  values. 

In  the  early  stages  of  the  held  there  was  the  usual 
uncertainty  as  to  the  capacity  of  the  mills  ami  other 
mining  plant  that  would  be  required.  Owing  to  the 
great  expense  of  carriage  and  the  scarcity  of  water, 
the  first  plants  erected  were  very  small,  and  a  great 
deal  of  anxiety  was  experienced  in  running  them  on 
account  of  the  water  difficulty.  The  dense  subter- 
ranean salt  water  obtained  was  good  for  amalgama- 
tion, but  was  very  severe  on  iron  and  steel,  and 
when  it  had  to  be  condensed  for  steaming  or  drink- 
ing purposes  it  was  very  expensive  in  luel  and  upkeep 
of  condensing  plant.  The  proportion  of  solids  in  the 
salt  water  varied  from  5%  in  the  high  ground  at  the 
north  end  of  the  held  to  17%  in  the  lake-bed,  and, 
owing  to  the  scarcity  of  water  and  its  density,  the 
simplest  form  of  condenser  plant  was  found  to  be 
most  suitable.  Experience  proved  that  the  best 
type  of  condenser  was  a  boiler  (cylindrical  or  other- 
wise in  shape)  built  of,  say,  J-in.  steel  plates,  -it  in 
brick  or  stone  work.  From  this  the  steam  was  led 
into  galvanised  iron  piping  or  cylindrical  vessels 
which  piovided  the  condensing  suilace.  These  plants 
were  practically  renewed  every  two  years. 

The  mills  were  of  the  simplest  foim  at  the  begin- 
ning, and  light  stamps  answered  very  well  for 
crushing  soft  schistose  ore,  the  duly  per  stamp  being 
frequently  six  tons  per  day.  The  stamps  with 
copper-plated  tables,  followed  by  amalgamating 
pans,  were  sufficient  to  extract  all  the  gold 
amenable  to  amalgamation.  The  pulp,  after  pan- 
grinding,  was  very  slimy  when  iheoie  was  schistose, 
and  about  one-thhd  of  the  original  assay  value  of 
the  ore  remained  in  it. 

The  art  of  cyaniding  gold  ore  was  in  its  infancy 
then,  and  up  to  that  time  had  practically  been 
confined  to  the  treatment  of  material  .that  was  suit- 
able for  percolation.  It  was,  theiefore,  necessaiy  to 
devise  some  other  method  of  cj  anide  treatment  for 
such  residues  as  were  not  suitable  for  pet  eolation, 
and  this  problem  engaged  the  close  attention  of  the 
chemists  and  engineers  of  the  held  for  some  time, 
until  a  system  of  agitation  and  filter-pressing  was 
evolved. 

The  next  trouble  was  in  connection  with  the  ore 
below  the  oxidised  zone.  Early  in  the  hi-toryof 
that  portion  of  the  field  known  as  the  'Golden  .Mile,' 
telluride  of  gold  and  silver  Mas  discovered,  associated 
with  other  tellurides  and  iron  pyrites  and  a  large 
percentage  of  carbonate  of  lime.  Owing  to  the 
oxidised  ore  being  soft  and  easily  milled  it  was  soon 
exhausted,  and  the  choice  of  a  treatment  method 
and  plant  for  the  unoxidised  ore  had  to  be  made 
quickly.  After  much  laboratory  experimental  work 
by  the  metallurgists  two  practical  schemes  of  treat- 
ment were  evolved,  now  known  locally  as  the  *  wet 
crushing '  and  the  '  dry  crushing  '  methods.  In  the 
first  method  the  ore  had  to  be  ground  exceedingly 
line,  amalgamated,  and  closely  concentrated,  alter 
which  the  c\ anide  salt  used  as  a  solvent  for  the  gold 
contained  in  the  ore  freed  from  the  concentrates, 
required  the  assistance  of  an  oxidising  agent  before 
a  satisfactory  recovery  could  be  made.  The  concen- 
trates could  be  sold  to  smelters  or  roasted  on  the 
mine  and  then  treated  along  with  the  rest  of  the  ore. 
Zinc  turnings  were  chosen  to  precipitate  the  gold 
from  the  cvanide  solution. 
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In  the  second  method  it  was  not  necessary  to 
grind  the  oie  quite  so  tine,  and  no  concentration  was 
needed,  but  it  had  to  be  roasted  until  sweet,  and 
after  amalgamation,  cyanide  of  potassium  or  sodium 
was  sufficient  to  make  a  satisfactory  extraction 
without  the  aid  of  any  other  salt.  As  in  the  wet 
process,  zinc  turnings  were  chosen  to  precipitate  ihe 
gold. 

For  wet  crushing,  the  choice  of  plant  Mas  fairly 
easy.  The  coarse  ore  was  put  through  gyratory 
crushers,  this  type  of  crusher  having  first  become  a 
favourite  owing  to  the  oxidised  <»e  not  having  so 
much  tendency  to  stick  in  its  mouth  as  in  the  jaw- 
crusher  type,  but  later  on  some  large  crushers  of  the 
jaw-breaker  type  were  installed.  The  old  well- 
known  stamp-mill  was  at  once  adopted  tor  crashing 
the  ore  to  a  certain  fineness,  the  ore  being  supplied 
to  the  stamps  by  automatic  feeders.  The  finer 
grinding  was  at  first  done  by  pans,  but  subsequently 
lube  mills  were  adopted  where  finer  grinding  was 
found  to  I  e  advantageous.  In  the  wet  mills  the  me. 
after  passing  over  amalgamated  copper  plate-,  is 
then  closely  concentrated,  mostly  by  concentrators 
of  the  Willley  type  :  pans  are,  therefore,  not  neces- 
-ary  for  amalgamation.  In  some  mills  the  sandy 
portion  of  the  pulp  is  percolated,  and  the  slimes 
filter-pressed  ;  in  others,  the  whole  product  is  ground 
sufficiently  line  for  filter-pressing. 

After  pas-in-  through  the  pans  or  tube-mills  the 
pulp  is  pumped  into  sjpitzkaaten  where  the  excess 
clear  solution  is  drained  oflj  leaving  the  pulp  flowing 
from  the  bottom  of  the  spitzkasten  at  a  consistency 
df  about  one  to  one.  This  Hows  into  vats  which 
have,  on  most  mines,  a  centrally-hanging  spindle 
carrying  two  or  three  tiers  of  iron  arms  actuated  by 
cog  or  worm  gear  to  keep  the  pulp  constantly  mov- 
ing. On  one  or  two  of  the  mines  the  agitation  is 
done  by  compressed  air.  In  the  vats  the  pulp  is 
agitated  for  three  or  four  hours  with  cyanide 
solution.  At  the  end  of  this  time  the  oxidising  salt 
(bromide  of  cyanogen)  is  added,  care  being  taken 
that  the  cyanide  solution  is  not  too  alkaline.  After 
further  agitation  for  three  or  four  hours  the  pulp  is 
ready  for  filtration. 

The  filter-press  was  introduced  by  Mr.  J.  W. 
Sutherland,  and  was  adopted  by  all  the  mine-,  to 
filter  the  solution  from  the  pulp.  This  machine  also 
provides  the  means  of  washing  the  soluble  gold  out 
of  the  pulp.     To  lill  the  presses,  montejuss  were  first 

used,  hul  in  course  of  lime  these  were  replaced  by 
strong  pumps,  as  it  was  found  cheaper  to  pump  the 
pulp  into  the  presses  than  to  force  it  in  by  means  of 
compressed  air.  The  solution  from  the  first  filters  is 
passed  through  another  filter  in  order  to  clarify  it 
before  passing  through  the  zinc-boxes.  Charcoal, 
zinc  fume,  and  finely  granulated  zinc  were  tried  as 
precipitants,  but  were  not  found  to  answer  as  well 
a-  zinc  t  timings. 

The   gold    sli s   and    short  zinc   obtained    in    the 

clean-up  of  zinc-boxes  are  put  into  a  lead-lined  vat 
where  the  zinc  i-   dissolved  by  sulphuric  acid,  after 

which  the  contents  of  the  vat  are  put  through  a 
(lean  up  press  and    washed    with    water.      The  cake- 

remaining  in  the  pic--  are  then  put  into  a  calcining 

OVen     and     heated     to     redness.         After    cooling,     the 

calcined  material  is  mixed  with  fluxes  and  smelted  in 
large  botl  le-shaped  crucibles  fixed  in  tilting  furnaces. 
Where  the  quantity  of  gold  to  be  smelted  is  large, 
these  furnaces  save  a  great  deal  of  Labour,  time  ami 
find.  The  gold  bullion  is  practically  freed  from  l>a-e 
metal  and  pancd  direct  into  moulds  from  these 
tilting  crucibles.  Sample-  of  the  bullion  are 
obtained  by  boring  the  top  and    bottom  of  the  bars. 


Dip  samples  were  found  to  be  unreliable,  especially 
when  the  proportion  of  silver  in  the  bullion  was 
large,  or  when  the  sample  was  taken  from  a  large 
quantity  of  liquid  bullion. 

The  residue  cakes  in  the  tilter-presses,  after  being 
dried  by  blowing  compressed  air  through  them  are 
dropped  into  trucks,  which  are  removed  by  horses, 
locomotives,  or  dump  bridges,  the  choice  of  means 
being  governed  by  the  mines  situation.  In  Rome 
mines  the  cakes  are  dropped  on  to  belt-conveyors 
which  discharge  on  to  a  belt  rising  at  an  angle  ol  not 
more  than  .'{ii  to  the  point  of  delivery.  This  discharge 
belt  is  supported  by  the  dump  and   is  lengthened  as 

the  latter  increases.  For  l>elt  conveying  the  residues 
require  more  drying  than  in  other  method-,  to 
proeiit  them  sticking  to  the  belt. 

In  dry-crushing  plants,  gyratory  rock-breakers  are 
mostly  used  for  coarse  and  medium  grinding.  For 
fine-grinding  ball  and  griffin  mills  are  used.  Other 
appliances  have  been  tried  and  discarded.  Then-  i- 
vei  v  little  difference  between  the  cost  of  crushing  in 
griffin  and  ball  mills  when  the  fineness  of  the  pro- 
duct is  taken  into  consideration.  The  ore  is  -round 
to  a  fineness  which  will  allow  75  of  it  to  pass 
through  a  1")»>  mesh  sieve,  ami  it  is  then  roasted 
until  not  more  than  005%  of  sulphur,  a-  sulphide,  is 
left  in  it.  The  roasting  is  the  most  delicate  opera- 
tion in  the  dry-crushing  method  of  treatment,  and  it 
is  made  more  difficult  by  the  varying  percentage  of 
pyrites  (1  \  to  6)  and  also  by  the  large  amount  of  lime 
carbonate  in  the  ore,  about  12%.  If  the  heat  i-  too 
high  or  too  low,  soluble  sulphides  are  formed,  which 
cause  thi'  precipitation  of  gold  in  the  subsequent 
treatment  of  the  pulp  by  agitation  with  cyanide 
solution,  and  a  method  of  re-dissolving  this  precipi- 
tated gold  while  the  treatment  in  the  vats  is 
proceeding  has  not  yet  been  found. 

After  roasting  the  ore  is  cooled  and  mixed  with 
tail  solution  from  the  zinc  boxes  and  then  ran  into 
grinding-amalgamating  pans  where  the  gold  that 
will  amalgamate  is  caught,  after  which  the  treat- 
ment of  the  pulp  and  gold  solution  is  similar  to  that 
in  the  wet  .process,  except  that  the  addition  of  an 
oxidising  salt  to  assist  the  cyanide  solvent  is  not 
required. 

In  treating  rich  tellnride  ore  the  dry  process  is  the 
more  profitable  one,  but  it  is  not  so  comfortable  a 
process  as  the  wet,  and  the  costs  would  he  increased 
to  a  greater  extent  than  in  the  wet  process  if  the 
mines  were  to  strike  ore  carrying  a  large  percentage 
of  pyrites.'"  RiCHABD  H  A  MILTON. — Monthly  Jour- 
nalofthe  Chamber  of  Mines  of  Western  Australia, 
May',  l'.Hi!),  p.  124.     iH.A.VY.)  ' 


MINING. 

Electrically  Driven  Winding  Engine.— 
••  Electrically  driven  winding  gears  of  small  power 
have  been  in  common  use  for  a  number  of  years.  The 
motor  is  generally  of  the  continuous  current  type,  or 

of  the  three  phase  type,  taking  it-  power  dileel  Ikhii 
the  supply  main-,  t  he  coiit  rol  being  effected  by  means 
of  a  variable  resistance  inserted  in  the  circuit  of  its 
armature  or  rotor.  This  is  the  simplest  method  of 
control,  ami  the  lea-t  expensive  to  instal,  hut  it  can 
only  be  used  to  advantage  where  the  power  required 
for  haulage  is  a  small  proportion  oi  the  total  power 

generated,  owing  to  the  heavy  load    fluctuations   due 

io  frequent  starting  and  b topping,  and  the  large 
amount  of  current  required  for  acceleration.  .Main 
shaft  h  lulage  generally  requires  a  very  large  propor- 
tion ot  i  he  power  generated  on  a  mine  and  to  success- 
fully operate  large  electric  winder-  load  balances  -t 
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some  kind  must  be  adopted.  One  of  the  best  known 
load  balances  is  the  chemical  storage  battery.  Home 
of  the  first  large  electrical]}' driven  winders  installed 
were  operated  by  continuous  current  motors,  working 
in  conjunction 'with  storage  batteries.  A  good 
example  of  this  class  of  plant  is  in  use  at  the  Granges- 
berg  iron  mines  in  Sweden.  The  mine  receives  its 
power  from  a  waterfall  about  18  miles  distant,  from 
which  three-phase  current  at  8,500  volts  pressure  is 
transmitted,  and  is  transformed  down  to  43d  volts  at 
the  mine  sub-station.  A  motor  generator  is  installed 
to  provide  continuous  current  supply  for  the  winding 
engine.  The  motor-generator  runs  continuously, 
charging  a  battery  of  243  cells  having  a  capacity  of 
600  ampere  hours' at  a  very  high  discharge  rate.  The 
batteiy  operates  in  parallel  with  the  motor-generator 
when  winding  is  in  piogress.  The  winding  drums 
are  driven  by  two  500  b.h.p.  motors  directly  coupled 
to  the  drum  shaft.  The  plant  is  designed  to  haul  a 
load  of  10  tons,  including  the  weight  of  the  cage  and 
rope,  at  a  speed  of  1,200  ft.  per  minute.  The  time 
for  acceleration  is  about  10  seconds,  and  the  current 
reaches  a  maximum  of  1,300  amperes  for  a  few 
seconds,  about  one-half  of  which  is  supplied  by  the 
batteiy.  The  control  is  of  the  rehostatic  type,  and 
the  heavy  switching  gear  is  operated  by  compressed 
air  controlled  by  one  lever. 

Storage  battel ies  have  of  late  years  been  discarded 
in  favour  of  fly-wheel  storage  systems,  which  give 
just  as  good  efficiency  as  the  chemical  battery,  with 
the  advantage  of  cheaper  price  for  the  output  and 
small  cost  for  maintenance  and  repairs.  At  the  pre- 
sent time  a  considerable  number  of  large  electric 
winding  engines  are  operated  by  the  Ilgner  system. 
This  systt  in  is  an  adaption  of  the  well-known  Ward- 
Leonai d  control,  with  a  storage  fly-wheel.  Briefly, 
it  is  as  follows: — The  winding  motor  is  of  the  con- 
tinuous current  type,  and  draws  its  supply  from  a 
special  shunt-wound  generator,  which  is  used  for  this 
purpose  only.  This  machine  runs  at  practically  con- 
stant speed.  A  small  continuous  current  machine 
provides  the  exciting  current  tor  the  generator,  and 
also  for  the  winding  motor.  This  exciter  is  necessary 
in  order  to  insure  stability  of  the  field,  and  therefore 
of  the  pressure  of  the  generator,  which  is  so  arranged 
that,  by  varying  the  excitation  of  its  field,  it  is 
possible  to  give  any  pressure  from  its  maximum 
through  zero  to  its  maximum  value  in  the  opposite 
direction.  The  current  from  the  generator  is  taken 
direct  to  the  winding  motor,  without  passing  through 
any  fuses,  switches  or  controlling  gear,  the  control 
being  effected  by  light  switching  gear,  dealing  only 
with  the  small  excitation  currents  (which  is  only  2% 
or  3%  of  the  output  of  the  generator),  and  is  operated 
by  a  single  lever.  The  generator  is  direct  coupled  to 
the  shaft  of  a  three  phase  motor,  which  takes  its 
power  from  the  supply  mains.  The  storage  fly-wheel 
is  also  mounted  on  this  shaft.  The  motor-generator 
set  is  kept  running  continuously.  By  moving  the 
control  lever  forward  from  the  centre  stop,  accepta- 
tion of  the  winding  motor  is  produced  in  one  direc- 
tion ;  by  moving  it  laekwards  from  the  centre  stop, 
acceleration  is  produced  in  the  opposite  direction. 
When  the  lever  is  returned  to  the  centre  stop,  break- 
mi;  immediately  occurs,  since  the  motor  which  is  still 
running  pays  back  current  to  the  generator  of  which 
voltage  has  already  been  lowered.  Consequently 
there  is  no  loss  of  power  in  breaking.  At  each 
acceleration  the  motor-gmerator  set  begins  to  slow 
down,  and  the  flywheel  «ives  out  a  portion  of  its 
stored  energy  ;  when  breaking  occurs  the  speed  rises, 
and  the  flywheel  absorbs  the  power  to  be  given  out 
again  at  the  next  acceleration. 


The  "Westinghouse  converter  equaliser  differs  from 
the  Ilgner  system,  in  that  it  deals  only  with  the  over- 
load and  under-load  energy,  and  its  special  feature 
is  that  an  alternating  current  winding  motor  may  be 
used,  and  should  the  balancing  set  break  down  at 
any  time  the  winding  engine  may  still  be  kept  run- 
ning under  the  ordinary  conditions  of  rehostatic 
control.  The  winding  motor  takes  its  supply  direct 
from  the  power  house,  the  control  being  effected  by 
the  ordinary  rotor  rehostat.  The  converter  equaliser 
may  be  placed  at  any  desired  point  along  the  trans- 
mission lines  ;  it  is  not  necessary  to  have  it  near  the 
winding  engine.  It  consists  of  a  rotary  converter, 
which  is  connected  to  the  transmission  mains,  and  on 
its  direct  current  side  to  a  direct  current  machine 
with  storage  fly-wheel,  and  is  compounded  in  a 
special  way,  so  as  to  automatically  compensate  for 
the  magnetising  currents  of  the  induction  motors  in 
the  system.  The  voltage  of  the  direct  current  fly- 
wheel machine  is  controlled  automatically  by  a  quick 
acting  regulating  apparatus  from  the  transmission 
mains  through  series  tranformers.  This  enables  the 
converter  equaliser  to  discharge  energy  into  the 
supply  system  whenever  the  load  of  the  latter  is 
greater  than  the  constant  station  output,  and  to 
store  up  energy  in  the  fly-wheel  whenever  the  power 
demand  in  the  supply  system  is  less  than  the  constant 
station  output.  Thus  the  converter  equaliser  not 
only  balances  the  winding  load,  but  equalises  the 
load  of  the  whole  system. 

Electrical  winding  plant  must  be  selected  with  due 
regard  to  the  special  conditions  of  the  load  with 
which  it  has  to  deal.  For  shafts  where  the  loads  aie 
heavy  and  hauling  is  fairly  continuous  for  24  hours 
per  day  the  Ilgner  system  is,  at  the  present  time,  the 
most  suitable.  In  cases  where  hauling  is  done  on 
one  shift  only  the  converter  equaliser  has  its  advant- 
ages, as  the  balancing  set  could  be  shut  down  at  the 
end  of  the  hauling  shift,  and  the  lighter  loads  of  men. 
timber,  tools,  etc.,  would  be  dealt  with  under  the 
ordinary  conditions  of  rehostatic  control.  On  deep 
shafts,  where  comparatively  small  quantities  of 
material  are  raised,  the  series  parallel  system  is 
occasionally  adopted.  In  this  case  two  continuous 
current  motors  are  coupled  to  the  winding  drum 
shaft.  At  starting,  the  motors  are  connected  in 
series  with  each  other,  with  suitable  resistance  which 
is  cut  out  until  the  full  half  potential  is  supplied  to- 
each  motor  when  half  speed  is  at'ained.  The  mo  ois 
are  then  connected  in  parallel  with  a  resistance  in 
circuit,  which  is  gradually  cut  out  until  the  motors 
have  full  potential  and  run  at  full  speed.  The  start- 
ing current  taken  by  the  series-parallel  system  is 
only  about  half  of  that  taken  by  a  simple  rehostatic 
control  plant,  and  the  amount  of  energy  dissipated 
in  resistance  is  correspondingly  reduced.  An  elect  li 
cally  driven  winder  of  the  series-parallel  control  type 
was  recently  installed  on  the  New  Moon  Mine, 
Bendigo,  and,  according  to  press  reports,  is  giving 
great  satisfaction. 

The  had  efficiency  of  the  steam  winding  engine  is 
mainly  responsible  for  the  introduction  of  its  electric 
rival.  The  average  steam  winder  may  take  anything 
from  100  to  200  lb.  of  steam  per  effective  horse  power 
in  the  shaft  ;  very  few  consume  less  than  100  lb.  per 
effective  horse  power.  This  is  not  remarkable  when 
one  considers  the  conditions  of  the  load.  The  power 
required  for  acceleration  is  greatly  in  excess  of  the 
average  amount  required  for  the  trip,  so  the  engine 
must  either  be  designed  for  the  maximum  power 
demand  or  run  under  wasteful  conditions  of  valve 
setting.  (The  latter  alternative  is  usually  adopted 
on  account  of  smaller  capital  cost.)     For  a  consider- 
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able  portion  of  its  time  it  lias  to  run  on  very  light 
loads  ;  it  is  very  often  idle  for  long  periods,  yet  steam 
must  be  kept  at  tbe  engine  continuously  ;  conse- 
quently radiation  and  condensation  losses  are  enor- 
mous. Tbese  are  tbe  worst  possible  conditions  for  a 
steam  drive,  and  it  is  here  tbe  electric  winder  scores. 
It  receives  its  power  from  tbe  generating  station, 
where  the  steam  is  made  use  of  by  engines  of  high 
efficiency  running  on  a  constant  load,  as  the  genera- 
tors supplying  the  winder  also  provide  current  for  the 
general  power  requirements  for  the  mine.  There  are 
no  stand  by  losses,  for  when  the  winder  is  not  required 
the  power  supply  is  cut  off',  yet  it  is  available  for 
instant  use.  1  he  possibility  of  waste  due  to  careless 
driving  is  considerably  reduced.  In  fact,  with  the 
Ilgner  system,  it  is  almost  impossible,  as  any  excess 
of  power  delivered  to  the  winding  motor  during  the 
trip  is  paid  back  to  the  fly-wheel  when  the  winder  is 
being  brought  to  rest.  At  the  steam  generating 
plant  considerable  savings  are  effected  apart  from  the 
actual  consumption  of  the  winder,  for,  owing  to  the 
plant  having  to  deal  only  with  an  average  load,  the 
boiler  capacity  can  be  reduced  and  a  much  letter 
evaporation  obtained,  thereby  increasing  the  effici- 
ency of  the  whole  system.  Added  to  these  direct 
economies  are  the  smaller  savings  of  less  wear  and 
tear  on  ropes,  cages,  and  shaft  runners  owing  to  the 
perfect  motion  of  the  motor. 

The  power  consumption  of  an  elect  ric  winder  under 
ordinary  working  conditions  may  safely  be  taken  at 
1  5  kw.  per  effective  horse  power  hour  in  the  shaft. 
This  figure  is  proved  in  everyday  practice  by  a  number 
of  plants  in  operation  at  tire  present  time.  The  steam 
consumption  depends  to  a  certain  extent  on  the 
amount  of  current  generated  for  purposes  other  than 
winding,  as  with  large  generating  units  and  heavy 
outputs  better  steam  efficiency  is  obtained.  With 
fairly  small  sets,  however,  say,  400  to  600  k.w.,  run- 
ning on  a  75%  load  factor,  a  steam  consumption  of 
24  lb.  per  k.w.  can  easily  be  relied  upon,  and  may  he 
taken  as  a  fair  basis  for  estimation  with  winding 
plant  of  moderate  size.  As  a  steam  consumption  of 
'24  lb.  per  unit  generated,  an  electric  winder  Mill 
therefore  take  only  36  lb.  pere.h.p.  hour  in  the  shaft. 
On  mines  where  large  quantities  of  mineral  are 
raised  from  deepshafts,  much  smallersteam  consump- 
tions than  this  are  'obtained.  At  the  Grand  Horner 
Collieries,  in  Belgium,  where  there  are  two  large 
electric  winders  hauling  1,400  tons  of  coal  per  day 
from  a  depth  of  2,300  ft.,  the  steam  consumption  is 
32  lb.  per  e.h.p.  hour  in  the  shaft  This  plant  is  a  pure 
three-phase  system,  and  no  load  balances  are  used. 

At  the  Zollein  Mine,  in  Germany,  where  an  elect  i  i<- 
winder  of  the  Ilgner  type  hauls  2,500  tons  of  coal  per 
day  from  a  depth  of  1,000  ft.,  the  steam  consumption 
is  31  1-3  lb.  per  hour.  A  still  lower  figure  was 
obtained  on  a  24  hours'  test  under  ordinary  working 
conditions  with  an  Ilgner  plant,  at  the  I)e  Wendel 
Colliery,  in  Germany.  The  coal  hauled  during  the 
trial  was  3,000  tons  from  a  depth  of  2,310  It.,  ami  the 
steam  consumption  was  only  25  lb.  per  e.h.p.  hour  in 
the  shaft,  including  the  winding  of  1,000  men,  tools, 
timber  and  rope  inspection.  The  fact  chat  manj 
European  collieries  have  adopted  electiic  winders  is 
the  best  proof  of  their  reliability  and  efficiency,  for 
there  the  conditions  of  hauling  are  of  the  most  severe 
desc  ription,  and  as  l  he  coal  used  for  power  generation 
is  cheap,  the  amount  of  fuel  saved  must  he  very  gnat 
to  induce  colliery  owners  to  dispense  with  plant 
which,  apart  from  economy,  has  done  good  service 
for  many  years. 

The  question  of  electric  versus  steam  winding  may 
be  answered  in  a  few  words  1  ased  on  well  known 


facts.  The  savings  of  an  electric  motor  over  a  steanr 
engine  are  greatest  on  intermittent  work,  and  especi- 
ally where  frequent  stai  ting  on  h<  avy  bads  occur.  It 
is  on  this  account  that  electricity  is  so  successfully 
applied  to  street  tramway  work.  For  the  same 
reason  winding  may  he  considered  the  most  suitable 
load  for  the  application  of  electricity  on  a  mine." 
H.  H.  WEYMOUTH,  Scientific  Society  of  Broken  Hill, 
Australia. — Australian  Mining  and  Engineering 
Review,  May  5,  1909.     (A.  R.) 

MISCELLANEOUS. 

Large  Units  in  Mining.— "The  knowledge 
acquired  since  the  inception  of  operations  on  these 
fields  has  proved  that  the  formation  with  which  we 
are  dealing  is  remarkably  regular  over  large  areas, 
but  that  such  regularity  cannot  be  implicitly  relied 
on  in  any  particular  but  small  section.  Acting  on 
this  knowledge,  larger  blocks  than  have  in  the  past 
been  assigned  to  any  one  company  are  necessary. 
Regular  returns  on  capital  are  thereby  ensuied.  By 
developing  large  bodies  of  ore,  selective  mining  is 
avoided  as  much  as  possible,  and  concentration  of 
work  averts  constant  removals  of  the  labour  force. 
Thus  underground  costs  are  reduced,  especially 
under  the  heads  of  development,  stoping  and  shovel- 
ling, and  tramming,  to  the  lowest  possible  limit  with 
due  regard  to  efficiency.  Whilst  it  may  be  remuner- 
ative to  instal  mechanical  appliances  for  the  handling 
of  ore  underground  where  levels  contain  considerable 
tonnages,  it  is  not  advisable  to  do  so  for  small  ton- 
nages, the  cost  for  amortisation  and  shifting  of  plant 
being  too  heavy.  Fluctuations  of  yield,  which  have 
to  be  counteracted  in  small  areas  by  selective  mining, 
can  be  obviated  by  large  reduction  works,  which, 
again,  are  only  justified  if  the  total  tonnage  to  be 
mined  warrants  the  expenditure.  Development  work 
becomes  less  costly  as  the  number  of  drives  and 
stations  can  be  reduced.  No  doubt  in  some  instances 
shareholders  have  1  een  perturbed,  especially  incases 
where  immediate  it-turns  have  been  somewhat 
decreased.  They  forget,  however,  that  the  altered 
conditions  have  an  important  bearing  on  the  ques- 
tion of  ameutisation  of  investments,  and  that  the 
total  return  on  their  capital  is  in  every  case  in  reality 
increased.  They  receive  regular  dividends,  and  in 
most  e-ases  where  amalgamations  have  taken  place 
need  not  for  a  number  of  years  provide  any  red*  nip 
tion  fund.  The  eonsideratiems  so  far  given  are  from 
the  sharelmlders'  point  of  view  only.  The  public 
and  the  country  generally,  howe\er,  are  no  less 
gainers.  It  becomes  possible  to  extract  large  bodies 
of  ore  which  Otherwise  would  he  left  standing,  as  tin- 
gold  cemtents  would  not  pay  mining  and  reduction 
expenses  under  conditions  hitherto  existing.  As  a 
consequence,  the  total  amount  expended  in  wages 
and  stores  is  greater,  though  probably  the  amount  so 
expended  per  ton  is  smaller.  The  wage-earning  and 
spending    capacity  of  the  fields  become  more  diffused 

that  is,  they  are  spread  over  a  longer  period  and 
over  a  larger  Dumber  of  men,  a-  the  proportion  of 
skilled  ami  semi-skilled  work  called  for  under  the 
altered  conditions  becomes  greater  in  proportion  to 

unskilled  work.     Objections  have  1 n  raised  on  the 

grenrnels  that  the  number  of  white  workers  will  be 
less,  ami  that  the  country  itself  derives  greater 
benefits  by  the  expenditure  of  a  larger  proportion  ol 
the  final  yield  in  the  shape  of  cost  of  production.  1 
have  already  replied  to  the  first  of  these  objections 

by  stating  that  the  altered  conditions  create  d  will 
gradually  call  for  more  skilled  and  semi -killed  work 
in  proportion  te>  the'  amount  of  unskilled  work. 
Taken    as    a    whole,    the    large   producers   with   low 
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working  costs  employ  more  than  the  average  pro- 
portion of  white  men  as  compared  with  coloured 
labourers.  In  December  last  the  nine,  mines  v\  Inch 
crushed  over  40,000  tons  each  employed  one  while 
man  for  every  eight  coloured  men,  whilst  the  ten 
companies  crushing  10,000  tons  each  or  less  in  that 
month  had  ten  coloured  men  for  every  white  man 
employed.  The  provision  of  unskilled  labour  for  the 
industrial  development  in  and  around  Johannesburg, 
and  its  management,  have  absorbed  more  time  and 
attention  than  almost  any  other  portion  of  our  work. 
At  the  present  moment  the  producing  nlines  <  f  the 
Witwatersrand  are  using  the  energies  of  2  68 
coloured  labourers  for  every  ton  of  ore  crushed  per 
day.  The  number  of  native  labourers  available  in 
Africa  for  work  in  the  mining  districts  of  the  Wit- 
watersrand  is  limited,  though  expansion  of  the  num- 
bers at  present  employed  is  no  doubt  possible.  Any 
saving  effected  in  the  use  of  labour  must  also  be 
considered  a  gain,  as  it  would  free  men  for  employ- 
ment in  other  directions.  The  second  objection  is  of 
a  more  dogmatic  character.  If  the  quantity  of  ore 
to  be  extracted  were  definitely  known  to  be  of  a 
certain  value,  the  advocates  of  the  policy  of  distri- 
buting as  much  as  possible  of  the  value  so  ascer- 
tained in  wages  and  stores  would  no  doubt  have  a 
good  deal  of  justification  for  their  argument.  The 
quantity  of  ore,  however,  is  practically  unlimited  ; 
its  average  value  may  be  higher  or  lower  than  that 
of  the  ore  mined  and  exposed  to  date.  It  certainly 
is  lower  than  the  average  of  the  total  tonnage  actu- 
ally treated,  owing  to  selective  mining  in  the  past. 
It  is  impossible  to  estimate  either  tonnage  or  value, 
but  it  is  certain  that  a  considerable  portion  would 
never  be  extracted  at  the  cost  of  production 
prevalent,  even  a  few  years  ago.  It  is  a  truism  to 
say  that  the  larger  the  margin  of  profit  the  more 
easily  will  capital  be  attracted.  For  years  past,  up 
to  about  a  twelvemonth  ago,  even  the  most  tempting 
mining  propositions  on  the  Witwatersrand  failed  in 
their  attempts  to  secure  funds.  Recent  develop- 
ments and  reductions  in  expenses  have  brought 
about  a  welcome  change  in  the  attitude  of  the  money 
markets  of  the  world,  and  as  a  consequence  quite  a 
number  of  properties  which  had  lain  dormant  have 
been  re-opened.  Not  only  the  number  of  men 
employed,  but  also  the  wage-earning  and  spending 
capacity  of  the  district  has  thereby  been  increased. — 
Mr.  REYERSBACH.  —  South  African  Engineering, 
May,  1909,  p.  81.     (A.  R.) 


Reviews  and  New  Books. 

(We  shall  be  pleased  to  review  any  Scientific  or  Tech- 
nical Work  sent  to  us  for  that  purpose.) 

The  Theory  of  Valency.  By  J.  Newton  Friend 
Ph.D.,  M.Se.  Text-books  of  Physical  Chemistry, 
edited  by  Sir  William  Ramsay.     (London,  1909: 
Longmans,  Green  &  Co.,  39,  Paternoster  Row, 
E.C.)    Pp.  180.     Price  5s. 
"In  this  work  the  author  presents  us  with  a  com- 
pact summary  of  the  various  theories  of  valency  and 
structure  from  the  days  of  Berzelius'  and  Davy's' theo- 
ries down  to  the  present  time.  In  some  of  the  chapters 
the  more  important  theories  are  considered  in  their 
general  relationship  to  chemical  facts,  whilst  in  other 
chapters  the  aut  hor  deals  with  the  particular  elements 
grouped  according  to  the  periodic  classification.     A 
special  chapter  is  devoted  to  the  electrochemical 


theories.  Although  the  author  has  produced  an 
undoubtedly  useful  work,  and  has  compressed  a  large 
amount  of  scattered  knowledge  and  speculation  into 
a  relatively  small  space,  one  cannot  help  beings*  me- 
what  disappointed  with  the  lesult.  There  is  too 
much  of  the  ancient  business  of  juggling  with  strokes 
on  paper,  and  not  nearly  enough  of  that  quantitative 
modern  physical  and  electrochemistry  which  has  done 
so  much  to  bring  the  valency  question  within  the 
sphere  of  exact  science.  Reimen's  trivalent  halogens, 
for  example,  are  a  continual  source  of  comfort  to  the 
author,  and  so  is  tetiavalent  oxygen.  Mercurous 
chloride  is  Hg  -  C1  =  C1  -  Hg,  hydrofluoric  acid  is 
H  -  F  =  F  -  H,  and  so  on.  When  dealing  with  water 
the  author  says  :  '  If  the  molecules  are  double,  the 
formula  is  clearly  H._,  =  0  =  0  =  H2.'  One  had  thought 
the  days  of  this  sort  of  formula- juggling  were  over. 

Attention  must  be  drawn  to  a  striking  omission. 
There  is  no  mention  of  the  work  of  Baly  and  his 
collaborators,  or  of  Kauffmann,  and  yet  surely  their 
work  is  most  intimately  connected  with  the  subject 
of  valency. 

In  the  chapter  on  electiochemical  theories  a  good 
account  will  be  found  of  the  '  electronic '.  theory  of 
valency.  This  is,  perhaps,  the  most  interesting  pait 
of  the  hook,  although  highly  speculative. 

In  conclusion,  it  may  be  said  that  the  author  has 
tried  to  do  justice  to  many  theories,  and,  if  the  result 
is  not  entirely  satisfactory,  this  is  perhaps  due  to  the 
extent  of  ground  covered  in  a  book  of  small  compass. 
In  spite  of  this  compression,  the  present  work  is  the 
most  exhaustive  monograph  on  the  subject  of  valency 
which  exists,  and  so  is  eminently  worthy  of  careful 
perusual  by  every  chemist  and  physicist." — Trans- 
actions of  the  Faraday  Society,  April,  1909,  p.  '207. 
(H.  A.  W.) 


The  Precious  Metals,  comprising  Gold,  Silver 
and  Platinum.  By  T.  Kirke  Rose,  A.R.S  M., 
D.Sc.     With  46  Illustrations.     8  x  oh-     pp.  xiv. - 
295.     Price  6s.  net.     (London  :     Archibald  Con- 
stable &  Co.,  Ltd.,  1909.) 
This  book  is  particularly  interesting  to  all  whose 
attention  is  engaged   in   the  extraction  or  manufac- 
ture   of    the    precious     metals,    an  I    especially    to 
members  of  the  Chemical,  Metallurgical  and  Mining 
Society  of  South  Africa,  of  which  society,  as  the  title 
page  sets  foith,  the  author  is  an  honorary  member. 
The  aim  of  the  work,  as  stated  in  the  preface,  is  to 
provide  an  introduction  to  the  study  of  the  precious 
metals   and   an   elementary   book    of    reference   for 
those  who  do  not  wish  to  pursue  the  subject  further. 
With  these   objects   in  view   details  have  generally 
been  omitted  to  enable  the  author  to  include  such  a 
wide  range   of   view   as   in  involved  in  the  history, 
metallurgy,  minting  and  manufacture  of  gold,  silver 
and  platinum,  with  a  description  of  their  principal 
alloys  and  chemical  compounds. 

The  historical  section  is  particularly  good,  and  it 
is  astonishing  to  find  what  great  antiquity  may  be 
attributed  to  such  useful  devices  as  cupellation,  tine 
grinding  of  ore  and  the  use  of  mercury.  Incidentally 
the  picture  given  of  mining  in  ancient  Egypt,  where 
the  working  day  appeared  to  consist  of  24 hours  with 
no  cessation  for  meals  or  rest,  though  it  evidently 
did  not  stagger  the  humanity  of  those  times,  has 
little  of  encouragement  for  advocates  of  state-owned 
mines. 

The  diagrams  of  freezing  points  of  various  alloys 
are  useful  and  interesting,  as  are  the  numerous 
photo-micrographs  also  given.  The  sketch  given  of 
the  metallurgy  of  gold  is  illustrated  by.  some  excel- 
lent photographs  of  the   Knights   Deep  and   other 
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Rand  gold  mines,  for  which  the  author  makes 
acknowledgement  to  Mr.  W.  A.  Caldecott. 

A  careful  description  of  the  various  methods  in 
use  for  the  refining  of  gold  and  silver  bullion  and  the 
minting  of  standard  alloys  may  yet  prove  of  peculiar 
interest  in  this  country,  and  Dr.  Rose's  statement 
that  bullion  assays  should  be  accurate  to  -05  of  a 
millieme  warrants  the  particular  attention  of  London 
refiners.  Under  the  heading  of  platinum  the  author 
mentions  the  fact  that  in  ordinary  furnaces  platinum 
cannot  be  entirely  freed  from  lead  by  cupellation  for 
which  the  oxy-hydrogen  flame  is  necessary. 

The  carbonyl  of  platinum  chloride  PtCUCO  is 
described,  and  its  property  of  volatilising  at  250°  C. 
without  decomposition.  If  a  similar  salt  of  gold 
existed  it  should  be  particularly  interesting  to 
cyanide  operators  as  a  possible  source  of  loss  in 
calcining  gold  slime.  The  world's  production  of  gold 
and  silver  annually  is  given,  and  also  an  estimate  of 
the  present  stock,  and  a  perusal  of  these  tables  gives 
rise  to  the  reflection  that  as  our  annual  output  will 
soon  exceed  the  total  quantity  of  gold  coin  in  circu- 
lation in  England,  a  time  in  the  not  infinitely  distant 
future  may  come  when  an  annual  increase  may  take 
place  in  the  cost  of  production  due  to  the  effect 
on  prices  of  producing  more  gold  than  increasing 
trade  requires  for  exchange  purposes  or  than  art  and 
luxury  require  for  use  and  ornament. 

It  will  be  seen  that  this  book  should  appeal  to  a 
wide  circle  of  readers,  and  is  certainly  entitled  to  a 
place  on  the  book  shelves  of  all  concerned  in  the 
handling  of  precious  metals — and  in  certain  forms 
who  is  not.     (H.  A.  W.) 


The  Dressing  of  Minerals.  By  Henry  Louis. 
Pp.  550.  Illustrated.  Price  $8.50.  (New  York  : 
Longmans,  Green  &  Co.)  For  sale  by  The 
Mining  World. 

"  A  work  designed  for  the  use  of  students,  treating 
of  the  principles  and  practice  of  the  preparation  of 
ores,  etc.,  for  metallurgical  treatment  or  for  the 
market.  The  work  supplies  a  want  in  the  literature 
on  the  subject.  While,  in  a  book  of  this  size,  and 
treating  of  so  large  a  subject,  it  is  obviously  impos- 
sible to  treat  exhaustively  of  the  theoretical  con- 
siderations involved  in  the  various  departments  of 
ore  dressing,  and  to  deal  minutely  with  the  details  of 
construction  of  all  the  machines  and  devices  that  are 
used,  a  fairly  complete  and  practical  review  of  the 
entire  held  is  presented  in  a  clear  and  logical  manner. 

The  first  478  liases  are  devoted  to  descriptions  of 
machines  for  performing  the  various  operations,  such 
as  sizing,  sorting  and  washing,  comminution,  separa- 
tion of  materials  by  various  means,  etc.  The 
machines  selected  for  description  are  taken  to  illus- 
trate types.  Although  the  book  is  prepared  for 
English  students  it  is  gratifying  free  from  bias  in 
favour  of  British  practice,  American  and  continental 
manufacturers  and  authorities  being  liberally  repre 
sented. 

The  last  chapter  is  devoted  to  the  consideration  <>t 
the  general  construction  of  dressing  works. 

The  volume  is  bound  in  cloth  and  the  typography 
is  excellent.  The  text  is  cleai  and  supplemented  by 
numerous  illustrations."  —  The  Minimi  World 
(Chicago),  June  5,  1909,  p.  1081.     (W.  A.  C.) 
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Scholarships.  8vo.,  pp.  86.  Sherratt  <i-  Hughes. 
Net  Is. 
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(P.)  349/09.  James  Paul  Griffiths.  A  new  or  im- 
proved clutch  or  fastener  and  parts  therefor,  for 
windows,  fanlights,  shutters  and  doors.     27.7.09. 

(P.)  351/09.  Charles  Reev«s.  Impioved  method 
for  the  recovery  of  gold  from  liquids  and  the  like. 
28.7.09. 

(C.)  352/09.  John  Pomery.  Improvements  in 
steam  boiler  furnaces.     28.7.09. 

(P.)  353/09.  Daniel  Chilcote  King  (1),  Augustine 
John  Danvers  (2).  Improvements  in  machines  or 
apparatus  for  scouring  battery  plates,  also  applicable 
for  other  analogous  purposes.     30.7.09. 

(P.)  354/09.  Daniel  Chilcote  King.  Improve- 
ments in  protective  receptacles  for  the  holding  of 
amalgam.     30.7.09. 

(C.)  355/09.  Jose  Baxeres  de  Alzugaray.  Im- 
provements in  the  art  of  extracting  metal  from  their 
ores.     30.7.09. 

(P.)  356/09.  Henry  Median.  Improvements  in 
or  connected  with  discharge  aperture  fittings  of 
cyanide  and  other  tanks.     30.7.09. 

(C.)  357/09.  Thomas  Ferguson.  Improvements 
in  and  relating  to  dynamo  electric  machines. 
30.7.09. 

(C.)  358/09.  Charles  Ridley.  Improvements  in 
the  methods  of  obtaining  gases  from  solids,  and  in 
apparatus  employed  therein.     30.7.09. 

(C.)  359/09.  Oliver  Brown  Dawson  (1),  John 
Bauernschmidt  (2).  Improvements  in  and  relating 
to  metallurgical  processes.     31.7.09. 

(C.)  360/09.  Henry  Selby  Hele-Shaw.  A  variable 
stroke  fluid  machine.     3.8.09. 

(P.)  361/09.  Frank  Ondra  (1),  Alfred  Adair  (2). 
Improvements  relating  to  the  treatment  of  zinc 
solutions  for  the  recovery  of  metals  or  metal  com- 
pounds therefrom.     6.8.09. 

(P.)  362/09.  Antony  Maurice  Robeson.  A  new 
and  improved  system  of  reinforced  concrete  shaft 
sett  framing.     7.8.09. 

(P.)  363/09.  David  Landale  (1),  Lewis  Grant  (2), 
Lewis  Campbell  Grant  and  Charles  Edward  Douglas 
trading  as  Douglas  &  Grant  (3).  Improvements  in 
winding  and  hauling  engines.     7.8.09. 

(P.)  365/09.  Malcolm  Stewart  Beaton  (1),  James 
Eason  (2).     Improvements  in  lubricators.     10.8.09. 

(P.)  366/09.  Edwin  Rice.  Improvements  in 
means  for  attaching  trucks  or  other  vehicles  to  a 
hauling  rope  or  the  like.     11.8.09. 

(P.)  367/09.  Percy  Herbert  Partridge.  A  processs 
for  seasoning  of  timber  grown  in  South  Africa  which 
likewise  prevents  it  cracking  and  twisting.     12.8.09. 

(P.)  368/09.  William  Berthelson.  The  extension 
machine  bar.     13.8.09. 


(P.)  369/09.  Thomas  Parker.  Improvements 
relating  to  plant  for  the  destructive  distillation  of 
coal.     13.8.09. 

(C.)  370/09.  Franz  Moritz.  Disc  coupling  for 
cranks  of  engine  shafts.     13.8.09. 

(P.)  372/09.  John  Puissell  Cawthorne.  Rimer 
for  riming  battery  heads  when  buried,  owing  to  shoes 
coming  off  or  otherwise.     14.8.09. 

(C.)  374/09.  John  Richard  Williams  (1),  Henry 
Wentworth  Bradley  (2),  Benjamin  Bradley  (3).  Im- 
provements in  obtaining  zinc  or  copper  from  complex 
ores  or  the  like  and  in  electrolytic  cells  especially 
applicable  thereto.     14.8.09. 

(C.)  375/09.  Marcus  Ruthenburg.  Improvements 
in  or  relating  to  magnetic  separators.     17.8.09. 

(C.)  376/09.  Marcus  Ruthenburg.  Improvements 
in  or  relating  to  electric  furnaces  for  the  treatment 
of  ores  and  the  like.     17.8.09. 

(P.)  377/09.  William  Henry  Thompson.  Improve- 
ments in  amalgamating  pans.     18.8.09. 

(P.)  378/09.  William  Calder.  Improvements  in 
means  for  discharging  comminuted  matter  from  tube 
mills.     18.8.09. 

(C.)  379/09.  Hans  Siegwart.  An  improved  pro- 
cess and  apparatus  for  the  production  of  cylindrical 
and  like  bodies  from  concrete.     20.8.09. 

(C.)  380/09.  John  Bedington.  Improvements  in 
air  and  steam  rock  drills.     21  8.09. 

(C.)  381/09.  John  Sims  Forbes.  Improvements 
in  apparatus  for  heating  and  sterilising  water  or 
other  liquids.     21.8.09. 

(C.)  382/09.  John  Warne  Phillips.  Centrifugal 
separator.     21.8.09. 


Changes  of  Addresses. 

Member  and  Associates  are  requested  to  notify  the 
Secretary  immediately  of  any  change  in  address, 
otherwise  it  is  impossible  to  guarantee  the  delivery  of 
Journals  or  Notices.  The  Secretary  shotdd  be  at  once 
notified  of  non-receipt  of  Journals  and  Notices. 


Adams,    E.    L.     llo    Johannesburg ;     Sabi    Mine, 

Belingwe,  Rhodesia. 
Beatty,  G.  H.,  llo  Johannesburg  ;  Cinderella  Deep 

Ltd.,  P.  O.  Box  75,  Boksburg. 
Boyd,  A.,  IJo  Fordsburg;  Geduld  Proprietary  Mines, 

Ltd.,  P.  O.  Box  41,  Springs. 
Ellis,  B.,  l/o  Johannesburg  ;  New  Rietfontein  Estate 

G.  M.,  Ltd.,  P.  O.  Rietfontein  Mines. 
Gibson,   J.,   l/o  Johannesburg;    Geldenhuis  Deep, 

Ltd.,  P.  O.  Box  54,  Cleveland. 
Grumitt,  P.  H.,  l/o  Mazoe;    Witwatersrand  Deep, 

Ltd.,  P.  O.  Box  5,  Knights. 
Johnson,  H.  H,  l/o  Village  Deep,  Ltd  ;  j/o  R.  R. 

Hollins,  Esq.,  Standard  Bank  Buildings,  P.  O. 

Box  289,  Johannesburg. 
McCrindle,   J.,    to   15,    Long    Street,    Germiston 

West. 
Pencier,  H.  P.  de,  l/o  Roodepoort;  110,  Wellington 

Street,  Ottawa,  Canada. 
Roberts,  S.,  l/o  Krugersdorp  ;  Midas  Deep,  Ltd., 

P.  O.  Box  8,  Randfontein. 
Ward,    J.    P.,    l/o    Johannesburg;    Aurora   West 

United  G.  M.  Co.,  Ltd.,  P.  O.  Box,  Maraisburg. 
WAYNE,  T.   H.   B.,  l/o  Durban  ;  Claremont  Mine, 

Insiza,  per  Private  Bag,  Bulawayo. 
Wiley,  H.,  l/o  Salisbury  ;  Selukwe  G.  M.  Co.,  Ltd., 

Selukwe,  Rhodesia. 
Williamson,  R.,  l/o  Kalgoorlie;  Great  Boulder  No. 

1,  Limited,  Mount  Magnet,  W.  Australia. 
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Proceeding's 

AT 

Ordinary  General  Meeting-, 
September   18,  1909. 


The  Ordinary  General  Meeting  of  the  Society 

was  held  in  the  Lecture  Theatre  of  the  Trans- 
vaal University  College,  on  Saturday  evening, 
September  18th,  Mr.  McArthur  Johnston  (Presi- 
dent) in  the  chair.      There  Avere  also  present :  — 

56  Members:  Dr  J.  Moir,  Messrs.  C.  B. 
Saner,  M.  Cullen,  K.  L.  Graham,  H.  A.  White, 
Prof.  J.  A.  Wilkinson,  A.  F.  Crosse,  W.  Cullen, 
E.  H.  Johnson,  R  G.  Bevington,  Prof.  J.  Yates, 
H.  A.  Adams,  G.  S.  S.  Anderson,  W.  I  leaver, 
W.  Broom,  S.  Caris,  B.  P.  Carter,  J.  Chilton, 
D.  Coll,  J.  P..  K.  Dodds,  T.  Donaldson.  J.  Gray, 

C.  B.  Hilliard,  T.  Johnson,  J.  Kennedy,  G.  T. 
Lawson,  R.  Lindsay,  Dr  I  >.  Macaulay,  M.L.A., 
i;.  MacGregor,  .1.  E.  Metcalf,  H.  11.  Morrell, 
.1.  W.  Morris,  M.  T.  Murray,  S.  New  ton,  W. 
Nicklin,  G.  Nicol,  V.  D.  Phillips,  H.  \Y.  Pidsley, 
P.  T.  Rand,  L.  J.  Robinson,  W.  II.  Roe,  II.  A. 
Scarf,  W.  Sharp,  S.  Shlom,  W.  II.  Smith.  T.  W. 
Simmons,  S.  H.  Steels,  J.  Taggart,  J.  A.  Taylor, 
A.  Thomas,  C.  Toombs,  J.  M.  Thorburn,  J.  F. 
Walker,  P.  H.  M.  Whyte  and  L   J.  Wilmoth. 

16  Associates  and  Students:  Messrs.  A.  P. 
Adams,   G.    F.    Ayers,  J.   Cronin,   G.    W.    Fox, 

D.  \V.  Greig,  W.  .1.  I!.  Hunter,  R,  L.  Impey, 
H.  L.  Jupp,  E.  J.  G.  Medlin,  G.  Musson,  F.  J. 
Pooler,  H.  B.  Pouter,  J.  M.  Robinson,  I1. 
Scatterty,  H.  Stadler,  and  W   A.  C.  Tayler. 

15  Visitors,  and  Fred.  Rowland,  Secretary. 

The   minutes    of    the    previous    meeting, 
printed  in  the  August  Journal,  were  confirmed. 

NEW    MEMBERS. 

Dr.  D.  Macaulay,  M.L  A.,  and  Mr.  A.  I'.  Crosse 
were  appointed  scrutineers,  and  after  their  scrutiny 
of  the  ballot  papers,  the  President  announced  that 
all  the  candidates  tor  membership  had  been 
unanimously  elected,  as  follows  : — 


Bisset,  Arthur  Charles.  East  band  Proprietary 

Mines,  Ltd.,  P.  O.  Box  6.),  East  Hand.  Surveyor. 
Daniel,   James,    Consolidated    Langlaagte   Mines, 

Ltd.,  P.  ( ).  Box  1-3,  Langlaagte.     Surveyor. 
Fox,   George  ('..  Messrs.  Lewis  &  Marks,  I*.  0. 

Box  2567,  Johannesburg.  Consulting  Mechanical 

Engineer. 
Herring,  Frank,  Crown  Mines,  Ltd.  (L.D.),  P.  0. 

Box  5,  Fordsburg.     Cyanide  Foreman. 
Simpson,  Charles  Butement,   Geldenhuis  Deep, 

Ltd.,  I'.  ( ).  Boxo4,  Cleveland.  Cyanide  Foreman. 

(Transfer from  Associate  Hull.) 
Sly,   Alfred    William,    Cinderella    Deep,    Ltd., 

P.  ().  Box  7">.  Boksburg.     Surveyor. 
Solomon,   Lionel,  P.  0.    Lux  503,   Johannesburg. 

Surveyor. 
Taylor,    Robert    McGeown,    Cinderella    Deep, 

Ltd.,  P.  <>.  Box  :.">,  Boksburg.     Mill  Manager. 

The  Secretary  :  Since  the  last  meeting  of 
the  Society  the  following  have  been  admitted  by 
the  Council :  — 

Ai  Associates. — 

Bell,  Trevob  Griffith,  Knights  Deep,  Ltd.,  I'.  <  >. 

Box  143,  Germiston.     Cyanider. 
Cawthorne,  John  Russell,  Cinderella  Deep.  Ltd., 

P.  < ).  Box  82,  Boksburg.     Amalgamator. 
Coalbank,  Vincent  Richards,   Cinderella   Deep, 

Ltd. \  P.  (>.  I'>"\  75,  Boksburg,     Cyanider. 
Dickson,  Victob  Richard,  Cinderella  Deep,  Ltd., 

P.  ( ).  Box  75,  Boksburg.     Cyanider. 
Lean,  Thomas  Frank  Rodgers,  Occidental  G    M. 

Co.,    Lewis    St.,    Collar,    New     South    Wa 

Assayer. 
Nalty,  Frederick  John,  P.  0.  l'.<>\  253,  Bulawayo, 

Rhodesia.     ( Jyanider. 
Plinke,  August  Adolph  Philipp,  Transvaal  Bank 

Building,  1\  0.  Box  -l~'-\.  Johannesburg.   I  director 

of  Mining  <  iompanies. 
Pool-er,  Frederick  John,  B.Sc,  Jeppe  High  School, 

358,  <  iommissioner  Street ,  Johannesburg.  Science 

Teacher. 
Thomas,  Victob  Israel,  Wrightville,  Cobar,  New 

South  Wales,     t  Jyanider. 

As  Students. — 

Brennan,  Ernest,  New  Kleinfontein  <..  M    Co., 

Ltd.,  P.  0.  Box  2,  Benoni.     Cyanide  Learner. 
Coombe,   Oswald,   Cinderella    Deep,    Ltd.,   P.   O. 

Box  75,  Boksburg.     Assaj  Learner. 
GBEYSON,    ROBEBT,    Cinderella    Deep,    Ltd,    P.    O. 

Box  75,  Boksburg.     Cyanide  Learner. 
[mpey,    Robert    Lancelot,   Simmer   Peep.   Ltd., 

P.  ( >.  Box  178,  Germiston.    Cyanide  Learner, 
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General  Business. 

The  Secretary  read  the  followisg  contribution: 

A  Note  on  the  Efficacy  oe  the  Cyanide 
Antidote.  * 

Mr.  A.  L.  Edwards  {Member)  :  During  the 
latter  part  of  August,  1S09,  twenty-five  goats 
forced  their  way  through  the  wire  fence  encircling 
the  slimes  residues  dam  of  a  company  operating 
in  the  Kterksdorp  district,  and  drank  some  of  the 
solution.  Fully  five  minutes  had  elapsed  before 
I  was  informed  of  the  occurrence.  1  went  to  the 
spot,  taking  with  me  the  antidote  and  half  a 
litre  of  distilled  water ;  I  dissolved  the  antidote 
in  the  whole  of  the  water,  and  at  once  started 
dosing  the  goats  lying  nearest  to  hand.  Unfor- 
tunately there  was  only  sufficient  of  the  antidote 
to  make  eight  decent  size  doses.  Of  the  eight 
dosed,  five  recovered  and  were  able  to  be  made 
to  walk  home,  about  one  and  a  half  miles, 
roughly  ;  the  sixth  could  only  be  got  to  walk 
after  five'  hours,  and  the  other  two  did  not 
recover.  A  peculiar  feature  of  the  sixth  goat 
was  that  it  lay  on  the  ground  for  fully  three 
hours,  and  during  that  time  its  eyes  were  prac- 
tically glazed  ;  within  three  and  a  half  hours 
from  the  time  that  the  antidote  was  applied,  the 
goat  was  got  on  its  legs  and  allowed  to  stand. 
Immediately  it  began  to  circle  round;  round  and 
round  it  went,  with  intervals  for  rest ;  it  kept  on 
turning  round  and  round  for  fully  one  and  a  half 
hours  ;  after  that  time  it  was  driven  home.  On 
making  enquiries  next  day  I  was  informed  by  the 
owner  that  the  six  goats  were  up  and  about  and 
eating  well,  so  I  think  it  is  only  right  that  their 
recovery  should  be  placed  to  the  credit  side  of 
the  cost  of  the  antidote.  I  am  informed  that 
the  antidote  had  been  kept  on  hand  for  fully 
eight  months  before  its  uae  was  called  for. 

Tests  of  the  NaCy  solution  made  at  the  time 
of  the  accident  showed — cyanide,  KCN  =  0-002%, 
alkalinity  =  0-0024%  CaO. 

HARDINGE   CONICAL   MILL. 

The  President  :  I  wish  to  bring  to  your 
notice  a  small  exhibition  model  of  the  Hardinge 
conical  mill,  which  members  can  examine  after  the 
meeting. 

COLOURED    WRAPPERS    FOR    EXPLOSIVES. 

Mr.  W.  Cullen  (Past-President):  You  will 
perhaps  remember  that  some  few  months  ago 
there  was  a  discussion  in  this  Society  in  regard 
to  coloured  wrappers  on  explosives.  At  one  of 
the  meetings  Mr.  Kotze,  the  Government  Mining 
Engineer,  made  a  suggestion  which  I  was  pleased 
to  follow  up.  The  suggestion  he  made  was  that 
in  order  to  tiace  accidents  on  the  mines  and  to 
identify  the  explosive  used,  the  cartridges  should 
be  wrapped  in   coloured  wrappers.       1  am  very 


pleased  to  say  that  these  wrappers  have  now 
arrived  from  Europe,  and  in  the  course  of  the 
next  few  weeks  they  will  be  ready  for  distribution 
among  the  mines.  I  shall  be  pleased  if  members 
of  the  Society  under  whose  observation  these 
cartridges  come  will  note  whether  they  are  easily 
distinguished  among  the  rubbish  of  the  stopes,  as 
one  is  led  to  believe  they  will  be.  If  any  of  our 
members  happen  to  come  across  them  I  will  be 
glad  if  they  will  either  relate  their  experiences 
here  or  communicate  with  me  privately.  I  think 
they  will  probably  obviate  some  of  the  unfortu- 
nate occurrences  which  have  taken  place  on  the 
mines. 

the  development  of  heavy  gravitation 

STAMPS. 

The  President  :  I  would  like  to  draw  your 
attention  to  one  feature  which  will  appear  in  the 
Journal  containing  the  report  of  this  meeting. 
You  will  find  the  reprint  of  a  paper  by  Mr. 
Caldecott  on  "  The  Development  of  Heavy  Gravi- 
tation Stamps."  This  paper  is  being  read  before 
the  Institute  of  Mining  and  Metallurgy  in  London, 
and  by  arrangement  between  the  Societies  we 
are  allowed  to  publish  simultaneously  any  paper 
and  to  bring  forward  such  discussion  upon  it  that 
any  of  our  members  may  be  pleased  to  give.  I 
can  assure  you  that  this  paper  will  be  interesting 
to  all  of  us  and  the  Society  will  be  indebted  to 
anyone  who  cares  to  discuss  it. 

Mr.  K.  L.  Graham  (Member  of  Council)  read 
the  following  paper  on  behalf  of  the  author  : — 

A   SKETCH    OF    THE    SMALL    CYANIDE 

PLANT   AS   ERECTED   AND    WORKED 

IN   RHODESIA. 


By  F.  J.  Thomas  (Member). 

The  number  of  cyanide  plants  in  Rhodesia 
eight  or  ten  years  ago  could  have  been  counted 
on  one's  fingers ;  to-day  they  number  nearly  a 
hundred;  to  a  great  extent  this  increase  is  due  to 
the  introduction  of  the  cheap,  small  plant. 

The  cyanide  plants  erected  prior  to  1900 
closely  resemble  in  the  main  features  of  their 
construction  the  Rand  plants  of  that  day,  lack- 
ing only  the  capacity  and  perfect  finish  of  the 
latter.  Double-tier  steel  tanks  standing  on 
masonry  foundations,  with  iron  and  steel 
supports ;  spitzluten,  spitzkasten  and,  where 
necessary,  tailings  wheels  were  installed.  The 
extractor  and  smelting  houses  were  constructed 
on  equally  generous  and  permanent  lines  ;  lofty, 
well  ventilated  buildings  with  cement  floors,  the 
orthodox  extractor  boxes  and  oilices,  and  equipped 
with  centrifugal  pumps,  gold  slime  filter  presses, 
zinc  lathes,  etc. 
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With  the  birth  of  the  private  syndicate,  as  well 
as  of  the  tributor  and  the  individual  owner — the 
popularly  styled  "small  man"  whose  growth  during 
the  last  five  or  six  years  has  been  phenomenal — 
came  the  demand  for  a  smaller,  cheaper  and 
simpler  style  of  plant,  something  more  consonant 
with,  and  having  a  reasonably  relative  cost  to,  the 
type  of  mill  that  was  rapidly  arising  on  all  sides; 
these  were  3,  5  and  10  gravity  stamp  batteries. 
Tremains,  Chilians,  Huntingdons,  etc.  In  such 
cases  the  capital  available  for  cyanide  construction 
was  told  in  hundreds  rather  than  thousands. 
Invention — or  in  this  instance,  I  fancy,  imitation 
— promptly  responded  to  the  demands  of  necessity 
and  abandoned  the  super-imposed  steel  structures, 
paused  slightly  before  the  rectangular  sheet-steel 
tanks  and  again  at  the  square  wooden  variety, 
then  finally  produced  the  corrugated  iron  vat 
which  has  now  become  so  popular.  The  reasons 
for  this  popularity  are  apparent.  The  tanks,  boxes 
and  sumps  are  comparatively  cheap  and  very 
portable,  they  can  be  easily  and  rapidly  con- 
structed in  any  locality  and,  when  fairly  well 
built,  there  is  no  loss  through  leakage.  Some  doubt 
and  distrust  certainly  did  exist  in  many  minds  as 
to  the  strength  and  durability  of  tanks  of  this 
material,  but  these  misgivings  may  now  be  said 
to  be  dispelled  ;  the  contractors  are  prepared  to 
guarantee  that  the  strength  shall  be  fully  equal 
to  the  strain,  and  with  reasonable  care  and 
protection  they  should  last  for  a  number  of  years, 
in  fact  if  the  owner  could  feel  assured  that  his 
mine  would  not  collapse  before  his  tanks  1 
imagine  several  small  men  would  be  considerably 
relieved  and  could  look  ahead  with  greatly 
increased  confidence.  In  the  few  instances  where 
these  plants  have  failed  to  give  satisfaction,  the 
fault  may  be  traced  to  the  weakness  of  the 
material  employed  and  to  indifferent  workman 
ship.  To  erect  tanks  of  24  B.W.G.  iron  is  to 
court  disaster,  unless  the  depth  is  reduced  to 
about  4  ft.;  treatment  tanks  14  ft.  diameter 
and  6  ft.  deep  commenced  to  buckle  almost 
immediately  when  filled ;  the  same  occurred 
when  the  depth  was  reduced  to  5  ft.  ( )n 
the  other  hand  tanks  of  a  greater  capacity  I  nit 
constructed  of  22  gauge  iron  are  as  perfect  now 
as  when  first  put  up  some  two  years  ago. 

There  have  already  appeared  in  this  .Inn nail* 
(Notices  and  Abstracts,  Sept.,  1907)  detailed 
specifications  of  a  typical  small  lUiodesian  cyanide 
plant,  together  with  an  estimate  of  its  cost,  and 
several  firms  in  the  country  now  make  a  speciality 
of  the  construction  of  such  plants;  it  is  therefore 
unnecessary  to  elaborate  these  details  again. 
One  or  two  points  may  perhaps  lie  emphasised  : 
all  joints  should  be  double-rivetted  and  soldered 
both  inside  and  outside;  it  is  very  necessary  to  have 
See  this  Journal,  Vol.  viiL,  September,  1907,  pp.  0O-9L 


the  top  rims  strengthened  with  a  band  of  angle 
iron  or  gas  piping,  since  this  preserves  the  shape 
of  the  tank  ;  in  caulking  down  the  overlapping 
portion  of  the  filter-mat  it  should  not  be  ruthlessly 
hammered  into  position,  as  this  is  liable  to  break 
the  solder  along  the  joints,  and  ample  space  should 
be  allowed  between  the  grating  and  side  of  the 
tank.  The  owner  is  responsible  for  the  necessary 
foundations  and  excavations.  For  the  former  the 
ground  is  well  levelled  off,  thoroughly  soaked  and 
then  beaten  down  until  it  resembles  the  floor  of 
an  ordinary  hut;  a  layer  of  sand,  say  2  in.  deep, 
upon  the  top  of  this  provides  a  foundation  that 
will  accommodate  itself  to  any  slight  irregularities 
and  upon  which  the  tanks  will  sit  securely. 

The  success  of  the  corrugated  iron  sumps  and 
flat  galvanised  iron  extractor  boxes  has  been  so 
pronounced  that  these  have  been  adopted  on 
mines  which  one  would  hesitate  to  designate 
as  small.  The  independent  compartment  style  of 
extractor  box  is  perhaps  the  more  popular, 
though  the  full-length  partitioned  box  is 
frequently  found  ;  the  circular  extractor  vat  of 
any  material  has  found  but  little  favour. 

The  extractor  house  is  invariably  a  humble 
erection  and  but  moderately  equipped  ;  it  is  a 
very  diminutive  wood  and  iron  building  as  seen 
in  its  most  ambitious  form,  and  is  at  its  lowest  a 
mere  shed. 

As  electric  power  is  generally  considered  to  be 
a  luxury  and  the  transmission  of  power  by  wire 
rope  not  much  in  vogue,  the  centrifugal  pump 
gives  place  to  its  steam  rival,  or  failing  that  to  a 
hand  pump,  say  a  5  in.  Challenge,  though  this  is 
unsatisfactory — except  for  the  smallest  of  small 
plants — depending,  as  it  does,  for  its  motive 
power  on  the  "mechanism''  of  the  somnolent  Kafir. 

But  few,  if  any,  of  the  dumps  in  the  country 
now  being  treated  are  large  enough  to  justify 
the  introduction  of  methods  of  mechanical 
haulage,  and  when  accumulated  sands  are  being 
handled,  the  material,  in  trucks,  or  sometimes 
wheelbarrows,  is  run  up  an  inclined  track  (unless 
the  lie  of  the  ground  and  relative  position  of  the 
dump  and  tanks  offer  other  and  superior  facilities) 
frequently  formed  of  residues,  and  then  on  to  a 
gangway  passing  over  the  centre  or  along  the 
sides  of  the  tanks  into  which  the  sand  is  directly 
tipped  and  evenly  spread.  When  the  residues 
are  discharged  they  are  often  allowed  to 
accumulate  around  and  to  the  same  height  as  the 
tanks,  forming  a  bank  on  to  which  all  subsequent 
residues  arc  shovelled  and  then  conveyed  to  the 
extreme  edge  ;  this  bank  thus  becomes  the 
residue  dump,  which  gradually  extends  outwards 
along  the  line  of  leasl  resistance.  This  method 
of  discharging  18  undoubtedly  quick  and  easy, 
I mt  is  the  tanks  are  surrounded  and  embedded 
in  sand  it  has  the  grave  disadvantage  of  concealing 
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any  leakage  that  might  possibly  occur  and  the 
safer  plan,  of  course,  is  to  tram  the  residues  clear 
of  the  foundations. 

With  the  disappearance  of  the  original  dumps, 
direct  filling  is  now  superseding  the  practice  of 
running  the  tailings  into  dams.  On  the  more 
prosperous  of  the  small  mines  Frenier  pumps 
(where  necessary),  spitzkasten  and  collecting  tanks 
are  being  employed  ;  the  collecting  or  settling 
tanks  being  so  placed  that  their  contents  can  be 
directly  shovelled  over  the  sides  into  either  of 
two,  or  any  of  three  or  four  treatment  vats. 

The  possibilities  and  convenience  of  the  wheel- 
barrow in  connection  with  the  small  plant  may 
sometimes  be  overlooked,  yet  it  is  not  to  be 
ignored;  supplied  with  these,  ten  boys  can  handle 
1,000  tons  a  month,  more  or  less,  according  to 
the  condition  of  the  sand  and  the  distance  it  has 
to  be  conveyed.  Of  the  actual  cyanide  treatment 
as  conducted  on  these  80  odd  small  plants  it  is 
impossible  to  write  at  all  comprehensively,  the 
conditions  and  methods  varying  widely.  There 
can  be  little  doubt  that  if  the  average  owner 
could  be  persuaded  to  avail  himself  more 
frequently  of  the  advantage  of  expert  advice, 
regarding  the  matter  as  an  investment,  the 
results,  in  many  cases,  could  be  improved  upon. 
In  the  absence  of  complications  produced  by  such 
minerals  as  copper  ores,  stibnite,  large  quantities  of 
silver,  etc.,  the  treatment  may  be  said  to  follow 
broadly  on  the  lines  freely  recognised,  I  understand, 
on  the  Rand.  Briefly  stated  the  cycle  of  operations 
may  be — saturation  of  the  charge  with  strong 
solution  (without,  as  a  rule,  a  preliminary  wash), 
contact,  draining  dry,  and  standing  dry,  followed 
by  (a)  further  saturations  with  weaker  solutions 
which  in  turn  are  drained  dry,  or  (l>)  intermittent 
pumping  of  weak  solution  with  continuous 
leaching,  the  treatment  being  concluded  with  one 
or  more  water  washes.  When  it  is  stated  that 
the  average  time  of  treatment  seldom  exceeds  84 
or  108  hours  as  against  144  or  156  hours  or 
more,  on  the  larger  plants,  it  will  be  obvious, 
that  this  question  is  an  important  factor  : 
the  preliminary  wash,  though  perhaps  proved  to 
be  advantageous  and  economical,  may  have  to  be 
sacrificed,  and  some  comprcinise  arranged  between 
the  methods  of  draining  dry,  etc.,  and  intermittent 
pumping.  The  total  tonnage  of  solution  employed 
in  a  treatment  of  84  hours  is  seldom  more  than 
that  of  the  charge  ;  when  treating  accumulated 
sands  it  is  not  infrequently  less.  The  solutions 
are  crated  in  the  ordinary  way  by  circulation  in 
the  sumps  ;  compressed  air,  vacuum  pumps  and 
other  luxuries  are  found  only  on  the  larger  mines. 

The  clean-up,  which  takes  place  once  a  month, 
is  conducted  in  the  frankly  primitive  manner  of 
early  days;  the  presence  of  a  gold-slimes  filter-press 
lends  much  distinction  to  a  small  plant,  but  the 


boy  and  bucket  method  is  more  common.  With  the 
aid  of  a  clean-up  tank  of  say  500  gallons  capacity, 
the  operations  are  conducted  in  a  fairly  efficacious, 
if  tedious,  way  ;  after  siphoning  off  the  clear 
solution  from  the  boxes  and  washing  that  zinc 
which  will  subsequently  be  returned  for  further 
duty,  the  contents  of  the  boxes  are  conveyed  in 
buckets  to  the  clean-up  tank,  here  the  slimes 
settle  and  the  solution  is  siphoned  off  and  passed 
through  the  re-dressed  extractor  boxes.  Should 
the  clean  up  tank  not  be  acid  proof,  the  settled 
slimes  and  short  zinc  are  scooped  up  and 
transferred  to  an  acid  vat  close  by — such  small 
vats  can  be  purchased  locally — while  68-gaIlon 
"  Dop  "  barrels  make  efficient  substitutes.  On 
the  completion  of  the  acid  treatment  the  slimes  are 
well  washed  by  the  decantation  method,  the  clear 
liquor  being  siphoned  off  on  to  a  filter  composed 
of  a  double  thickness  of  stout  calico  supported 
whilst  on  a  blanket  suspended  across  a  frame, 
beneath  this  there  may  be  a  sand  filter  through 
which  the  liquor  passes  before  running  to  waste 
Finally  the  slimes  are  decanted  and  washed  out 
on  to  the  filter  and  there  allowed  to  drain  dry 
previous  to  calcining.  If  the  usual  care  is 
exercised  and  ample  time  allowed  for  these 
operations  they  should  be  conducted  without  loss. 
There  is  nothing  elaborate  about  the  construc- 
tion of  the  furnaces,  and  the  amateur  mason  rises 
to  the  occasion  satisfactorily;  the  ordinary  square, 
coke  furnace  with  a  lining  of  lire-bricks  is  used 
for  smelting.  In  some  cases  the  calcining  is  done 
in  a  tray  placed  on  the  mouth  of  this,  or  a 
separate  calciner  may  be  built,  somewhat  larger, 
and  rectangular  in  shape,  the  fire  door  being  in 
front  and  the  tray  fitted  with  a  lid  or  cover,  built 
in  on  the  top  of  the  fire-box.  When  the  two 
furnaces  are  erected  back  to  back  and  served  by 
the  one  smoke  stack  the  whole  forms  a  neat, 
compact  arrangement.  Too  often,  however,  they 
are  very  inadequately  sheltered  from  wind  and 
rain,  some  are  entirely  destitute  of  any  protection, 
others  possess  a  roof  of  sorts,  but  few  are  com- 
pletely enclosed,  and  thus  the  loss  from  "dusting" 
is,  on  occasions,  distressing  to  observe.  Wood  is 
used  as  fuel  for  calcining;  coal,  charcoal,  or  coke 
for  smelting ;  each  of  the  three  has  its 
disadvantages,  coal  requires  the  assistance  of  a 
forced  or  induced  draught  for  satisfactory  work, 
charcoal  is  consumed  so  rapidly  that  the  fire 
needs  constant  attention  and  replenishing,  thus 
the  smelting  proceeds  slowly,  and  imported  coke 
costs  about  25s.  a  bag.  A  local  coke  can  now  be 
obtained  costing  considerably  less  than  the 
English  article,  and  this  appears  to  be  both 
satisfactory  and  economical.  Though  the  amount 
of  slimes  to  be  smelted  may  be  comparatively 
small  there  is  little,  if  any,  advantage  in  using 
small  crucibles,  as  with  Salamanders,  No.  100,  the 
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smelt  may  be  rapidly  completed.  Borax,  silica, 
manganese  dioxide  and  fluor-spar  are  common 
fluxes,  liners,  of  course,  being  employed.  On  few 
small  mines  is  the  cost  of  cyanide  treatment  per  ton 
worked  out  exactly,  but  taking  into  consideration 
the  proportionate  charges  for  power,  office  and 
compound  expenses,  labour  fees,  etc ,  the  costs 
would  seldom  be  below  3s.  a  ton.  In  an 
interesting  paper  entitled  "  The  Small  Mines  of 
Rhodesia  "  (September  JoihikiI,  l'JOS),  Mr.  B.  T. 
■Collins  states  that  many  of  the  cyanide  plants  are 
run  without  assays  ever  being  taken.  This,  one 
must  admit,  has  probably  been  the  case  in  the 
past,  but  the  statement,  I  think,  might  be  modified 
now,  as  the  owner.-;  are  becoming  more  alive  to 
the  importance  of  this  matter  ;  special  arrange 
ments  exist  between  the  Tributors'  Associations 
and  Public  Assayers.  It  is  a  common  practice 
to  lump  together  proportionate  quantities  of  the 
samples  of  the  week's  charges,  quarter  down  and 
send  the  resultant  sample  for  assay,  the  residues 
being  treated  in  the  same  fashion.  This  method 
may  not  appeal  to  precisians,  but  it  is  a  plan  not 
confined  to  the  small  plants  of  Rhodesia. 

To  attempt  to  give  the  average  percentage 
extraction  obtained  on  the.-e  small  cyanide  plants 
is  to  trespass  on  delicate  ground  for  the  sake  of  a 
mere  conjecture,  while  there  is  no  reason  to  believe 
that  the  actual  figures,  could  they  be  obtained, 
are  such  as  would  prove  deeply  depressing,  yet 
one  cannot  doubt  that  there  is  ample  room  for 
improvement  ;  this  knowledge  should  be  stimu- 
lating and  we  are,  therefore,  likely  to  escape  the 
impending  doom  of  the  Rand  cyanide  managers 
— the  curse  of  ennui  attending  a  monotonous 
perfection  !  Of  the  impediments  to  a  higher 
extraction  may  be  mentioned  the  coarseness  of 
the  sands,  for,  where  the  capacity  of  the  mill  is 
small,  fine  crushing  may  not  be  regarded  with 
favour ;  in  the  absence  of  a  slimes  plant  the 
elimination  of  the  slimes  has  seldom  been 
undertaken  with  enthusiasm  ;  methods  of  con- 
centration have  been  almost  entirely  ignored  and, 
as  previously  noted,  the  time  of  treatment  is 
frequently  unduly  curtailed.  Considerable 
improvement,  however,  in  these  matters  is  now 
being  effected,  and  the  cyanide  plant  is  esteemed 
as  other  than  a  mere  battery  adjunct  to  receive 
amateur  attention  in  spare  moments. 

Individual  workers  and  syndicates  find  the 
small  slimes  plant  by  no  means  such  an  attractive 
proposition  as  the  sand  plant,  and  in  the 
Uhodesian  output  for  May,  only  three  small 
properties  declared  slimes  returns.  In  the  other 
■cases  the  slimes  are  sometimes  allowed  to  .settle 
more  or  less  in  shallow  pits  and  subsequently  dug 
out  and  sun-dried,  then  broken  up  and  mixed 
with  the  sand  charges,  or  they  ma\  be  conserved 
in  dams  for  future  consideration,  unless  the  value 


is  low,  when  they  are  frequently  run  to  waste. 
To  separately  treat  the  insignificant  quantities  of 
current  slimes  produced  daily  by  the  small  mills 
is,  in  the  majority  of  cases,  out  of  the  question  ; 
to  conserve  them — when  they  are  worth  it — until 
a  sufficient  tonnage  has  been  accumulated  to 
justify  the  erection  of  a  small  plant  is  becoming 
the  usual  practice.  As  to  what  particular  style 
of  plant  will  eventually  predominate,  one  can  but 
surmise.  None  of  the  three  well  established 
processes — the  decantation,  filter  press  or  vacuum 
filter — methods  are  likely  to  find  ready  clients 
amongst  the  small  workers,  the  initial  cost  of 
installation  alone  will  "give  them  furiously  to 
think."  The  Adair-Usher  process  has  now 
stepped  into  the  field  and  may  prove  a  formidable 
competitor. 

In  conclusion,  I  am  anxious  to  say  I  feel  an 
apology  is  necessary  in  that  I  have  brought  before 
you  no  new  thing.  One  of  our  Past  Presidents, 
Mr.  Butters,  once  reminded  me,  some  years  ago, 
that  we  were  engaged  in  a  business  undertaking 
and  not  conducting  a  series  of  chemical  experi- 
ments, and  so  our  first  consideration  should  be  to 
make  a  profit.  This  is  particularly  the  case  in 
Rhodesia.  The  small  man  has  had  much  to  contend 
with,  and  can  scarcely  be  expected  to  take  kindly 
to  a  second  form  of  perilous  pioneering. 

The  President  :  We  have  listened  with 
great  pleasure  to  these  reminders  to  many  of 
us  of  the  early  Rand  days,  and  I  am  sure  the 
paper  appeals  to  all  old  workers  on  these  fields. 
There  are  one  or  two  things  I  would  like  to  say 
concerning  these.  First,  I  would  like  to  take 
exception  to  the  words  "the  curse  of  ennui 
attending  the  monotony  of  perfection,"  and 
applying  it  to  Rand  cyanide  managers.  .My 
experience  of  them  is  that  ennui  rarely  visits 
them.  Again,  I  think  Rhodesia  might  well 
benefit  by  more  expert  advice  than  they  have  had 
in  the  past,  since  the  more  expert  advice  they 
have  in  connection  with  small  plants,  the  more 
these  plants  will  benefit.  Next,  with  regard  to 
slimes  plants  I  would  beg  to  differ  from  Mr. 
Thomas,  for  I  consider  that  even  on  a  small  mine 
a  slimes  plant  is  essential.  The  advantage  ol 
treating  slimes  fresh  is  so  great  that  one  can  only 
express  the  hope  that  slimes  plants  will  become 
more  general  in  Rhodesia.  The  place  tor  the 
individual  as  compared  with  large  companies  is  a 
description  which  has  been  applied  to  Rhodesia 
and  even  with  regard  to  small  slime-  plants 
Uhodesian  individuals  will  benefit  thereby.  The 
paper  also  gives  many  of  as  an  indication  of  what 
we  may  expect  if  we  go  and  try  our  luck  on 
Uhodesian  gold  mines,  and  I  am  sure  it  will  in 
this  way  benefit  many  of  us  connected  with  this 
industry.      One  part  that  appeals  to  me   specially 
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is  the  remembrance  called  to  my  mind  by  the  use 
of  these  calcining  trays  for  the  furnaces.  One  of 
the  first  plants  I  was  engaged  on  in  this  country 
was  a  cyanide  plant  where  they.used  these  calcin- 
ing trays.  One  Sunday  the  cyanide  manager, 
who  was  smelting,  took  it  upon  himself  to  enter 
the  assay  office  and  take  out  one  of  the  borax 
casks.  He  put  it  back  without  saying  a  word  to 
me,  and  my  screens  then  went  up  3Q  or  40  dwt. 
It  was  a  worrying  time  for  myself  and  the 
manager  before  I  found  out  where  the  trouble 
was. 

In  connection  with  the  next  item  on  the 
agenda  paper,  I  may  say  that  some  ten  days  ago, 
Mr.  Cullen  told  me  through  the  'phone  that  we 
were  going  to  have  a  Modderfontein  night.  I 
assured  him  that  Ave  would  welcome  such  a  night, 
but  I  failed  to  understand  that  it  included  the 
presence  of  ladies. 

SPECIFIC  GRAVITY  OF  BISULPHATE 
SOLUTIONS. 


By  Thos.  Donaldson  (Member). 

I  need  hardly  mention  in  bringing  this  short 
paper  before  you  that  sodium  bisulphate  is  now 
used  quite  extensively  on  the  Transvaal  gold 
fields,  for  the  purpose  of  dissolving  gold-bearing 
zinc  during  "  clean  up." 

As  far  as  the  Transvaal  is  concerned,  the  only 
source  of  this  chemical  in  the  meantime,  is  the 
Dynamite  Factory  at  Modderfontein,  and  as  one 
interested  in  its  production,  I  may  say  that  more 
than  once  enquiries  have  been  made  at  the 
Factory  as  to  the  most  convenient  and  economical 
way  of  using  bisulphate  for  the  purpose  referred 
to. 

In  June,  1905,  a  very  valuable  paper  on  this 
subject  was  read  before  your  Society  by  Messrs. 
Thomas  and  Williams,  and  later,  in  November  of 
the  same  year,  in  reply  to  discussion  on  their 
paper,  these  two  gentlemen  gave  a  description  of 
their  method  of  using  bisulphate  on  the  large 
scale.  I  have  recently  seen  this  method  in 
practice  and  I  must  admit  the  difficulty  of  suggest- 
ing any  improvement  on  it. 

Messrs.  Thomas  and  Williams  first  make  a 
stock  solution  by  dissolving  the  salt  in  warm 
water,  in  a  tank  specially  designed  for  the 
purpose.  This  solution  is  brought  to  something 
approaching  saturation  point.  Proportions  of 
the  solutions  are  then  run  by  gravity  into  the 
zinc  dissolving  vats,  and  in  these  vats  it  is 
diluted  to  a  convenient  working  strength  by 
addition  of  water.  At  this  point  in  the  process 
I  recommend  the  more  general  use  of  hydro- 
meters, graduated  to  specific  gravity  direct,  or  to 
degrees    Twaddell,    because    even    although    the 


stock  solution  has  been  made  up  very  roughly, 
the  working  solution  can  easily  be  adjusted  to- 
the  desired  strength  by  means  of  these  instru- 
ments. 

After  adding,  say,  an  equal  volume  of  water 
to  the  strong  solution  in  the  vat,  and  stirring  a 
little  by  means  of  the  mechanical  arrangement 
provided,  a  sample  of  the  diluted  solution  can  be 
drawn  through  the  manhole  and  its  specific 
gravity  determined  by  use  of  a  hydrometer. 

Reference  to  the  table  appended  to  this  paper 
will  show  the  equivalent  of  H2S04  contained  by 
the  solution. 

In  the  event  of  the  solution  being  appreciably 
hot  it  will  be  advisable  to  take  advantage  of  the 
correction  for  temperature,  provided  on  the- 
table. 

Having  determined  the  strength  of  the  solu- 
tion, more  water,  or  more  stock  solution,  can 
then  be  added  as  desired.  On  mines  where  no- 
special  plant  has  been  erected  for  the  use  of 
bisulphate,  but  where  the  solution  has  to  be 
made  up  in  the  zinc-dissolving  vat,  a  hydrometer 
will  be  found  a  most  useful   guide  in   regulating 


Table 

for  Bisulphate  of  Soda  Solutions. 

Grammes 

Bisul- 
phate per 

1(111  cc. 
Solution. 

Specific 
Gravity 

at  15"  0. 

Twaddell. 

H2S04  per 
100  C.C 

Solution. 

Equivalent 

of  H2S04 

in  Zn. 

20 

1145 

Dey. 

29-0 

Gm. 

6-4 

Gm. 

4-27 

21 

1-152 

304 

6-72 

4-48 

22 

1-159 

31-8 

7-04 

4-69 

23 

1-165 

33  0 

736 

4-91 

21 

1-172 

34-4 

7-68 

5-12 

25 

1-178 

356 

8-00 

5-33 

26 

1-185 

37-0 

8-32 

5-55 

27 

1-192 

38-4 

8  64 

5-76 

28 

1-198 

396 

896 

5-97 

29 

1-204 

408 

9-28 

6-19 

30 

1-211 

42-2 

9  60 

6-40 

31 

1-218 

436 

9-92 

6-61 

32 

1-225 

45  0 

10-24 

6-82 

33 

1  232 

46-4 

10-56 

7  04 

34 

1-239 

t7-8 

10-88 

7-25 

35 

1-246 

49-2 

1 1  -20 

7-47 

36 

1-253 

50  6 

11-52 

7-68 

37 

1259 

51-8 

11-84 

7-90 

38 

1-265 

530 

12-16 

811 

39 

1-271 

54-2 

12-48 

8-32 

40 

1-277 

55-4 

12-80 

8-53 

Allowance  for  Temperature. — For  every  5*  C. 
above  15°  add  -0028  to  the  specific  gravity  read- 
ing. 

The  table  is  made  out  for  bisulphate  of  32-06% 
available  H,S04. 
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the  strength  of  the  working  solution.  Messrs. 
Thomas  and  Williams  recommend  the  use  of  a 
working  solution  containing  about  9.25  gr. 
H9S04  per  100  cc,  and  they  show  that  at  this 
strength  the  zinc  dissolves  rapidly,  but  that  there 
is  no  danger  of  crystallisation,  or  of  the  action 
becoming  too  violent.  I  may  be  allowed  to  add 
that  the  following  table  of  specific  gravities  agrees 
in  the  main  with  the  one  already  given  by 
Messrs.  Thomas  and  Williams. 

In  my  table,  degrees  Twaddell  are  also  shown 
for  the  reason  that  the  use  of  a  Twaddell  hydro- 
meter tends  to  greater  accuracy  than  the  direct 
specific  gravity  type,  on  account  of  the  small 
value  per  degree  of  the  former. 

In  conclusion,  I  desire  to  thank  my  colleague, 
Mr.  Ayers,  for  his  kind  assistance  in  connection 
with  the  preparation  of  the  preceding  table. 

The  President  :  I  am  sure  we  are  indebted 
to  Mr.  Donaldson  for  bringing  these  few  particu- 
lars before  us.  The  table  he  has  produced  will 
be  of  interest  to  any  one  who  takes  up  this 
method  of  testing  the  strength  of  the  acid. 

Mr.  A.  F.  Crosse  {I 'est -President)  :  I  depre- 
cate the  criticism  of  any  paper  on  the  evening  on 
which  it  is  read,  more  especially  when  read  in 
a  hall  such  as  this  where  one  cannot  hear  very 
distinctly.  I  cannot  help  thinking  that  we  are 
mistaken  in  dissolving  the  zinc  as  a  sulphate  and 
throwing  away  the  product.  Some  day  we  shall 
wake  up  to  the  fact  that  90%  of  the  zinc  re- 
maining in  the  zinc  box  can  easily  be  recovered 
as  metallic  zinc.  I  am  sure  that  some  member 
of  this  Society  can  bring  out  a  better  method 
than  the  present  one  of  dissolving  the  zinc  in 
sulphuric  acid  or  bisulphate  of  soda. 

The  President :  I  am  sure  we  agree  with 
what  Mr.  Crosse  says,  and  I  do  not  think  we  can 
do  better  than  fall  back  upon  Mr.  Crosse  for 
bringing  such  a  method  to  a  successful  issue. 

Mr.  G.  F.  Ayers  (Associate)  read  the  following 

paper : — 

A  METHOD  FOE  THE  RECOVERY  OF 
ZINC  FROM  SOLUTIONS  OF  SULPHATE. 


By   Wm.    Cullen   (Past-President)   and   G.    F. 
Ayers  (Associate). 

Although  several  attempts  have  been  made  to 
recover  the  zinc  used  for  the  precipitation  of  gold, 
and  transformed  in  this  operation  from  the 
metallic  state  into  that  of  a  solution  by  the 
solvent  action  of  sulphuric  acid  or  soda  bisulphate, 
none  of  them,  either  for  economic  or  practical 
reasons  have  attained  anything  more  than  an 
academic  value. 


One  of  the  important  factors  in  all  industries 
is  economy,  whatever  branch  it  may  affect,  and 
it  is  with  reference  to  the  recovery  and  saving  of 
this  zinc,  which  for  many  years  has  been  run  to 
waste,  that  we  have  turned  our  attention. 

The  alkali  hydrates  and  carbonates  of  sodium 
and  potassium,  although  fulfilling  the  purpose  of 
precipitating  zinc  as  hydrate  or  carbonate,  proved 
too  expensive  to  justify  their  use  for  recovering 
the  zinc  economically.  Burned  lime  was  experi- 
mented with,  and  although  it  proved  to  be  a 
thorough,  successful,  and  cheap  precipitant,  the 
formation  of  CaS04  rendered  it  unsuitable.  The 
free  sulphuric,  as  well  as  the  sulphate  combined 
in  the  form  of  ZnS04,  produced  with  the  lime  a 
precipitate  which  adulterated  the  Zn(OH).2  to 
such  an  extent  that  the  final  product  only  con- 
tained about  40%  Zn(OH).,.  The  further  difficulty 
of  removing  the  CaS04,  or  separating  the 
Zn(OH)2  decided  its  non-utility. 

For  practical  and  economic  purposes  we  found 
magnesite  the  starting  base  for  the  recovery  of 
the  zinc.  The  chemical  reaction  is  one  of  the 
simplest : — 

ZnS04  +  Mg(OH),  =  Zn(OH)2  +  MgS04. 
It  is  the  application  of  this  simple  equation, 
however,  upon  which  its  success  depends,  and 
upon  which  much  time  and  experiment  have  been 
expended.  When  magnesite  is  calcined,  MgO 
and  CO.,  are  produced.  Hitherto  the  gas  has 
been  the  chief  object  of  the  operation,  the  mag- 
nesia being  a  bye-product.  If  the  calcination  is 
conducted  at  a  white  heat  "  dead-burned " 
magnesia  is  formed,  but  at  a  red  heat  (800-900°  C.) 
caustic  magnesia  is  produced.  (See  Journal  of 
the  Society  of  Chemical  hidustry,  "  The  Indian 
Magnesite  Industry,"  H.  H.  Dains,  No.  10., 
p.  503,  L909.)  It  is  with  the  latter  we  are 
interested,  as  it  combines  with  water,  forming 
Mg(OH).2,  which  is  the  successful  precipitant  of 
zinc.  The  solubility  of  Mg(OH).,  in  water  seems 
to  vary  considerably  according  to  the  various 
sources  of  reference.  Calculated  from  the  elec- 
trical conductivity  of  Mg(OH).,  +  Aq,  1  litre  of 
H.,0  dissolves  9  mg.  of  Mg(OH)a  at  18°  C. 
(Kohlrausch  and  Rose).  For  all  practical 
purposes  it  may  be  regarded  as  insoluble  in  1 1  \  >. 

When  zinc  slimes  are  treated  with  either 
sulphuric  acid  or  bisulphate  of  soda,  the  zinc  goes 
into  solution  as  sulphate. 

According  to  the  Government  Mining  Engineer's 
returns  for  the  year  ending  June,  1908,  the  total 
value  of  zinc  and  zinc  discs  employed  by  the 
mines  was  £107,500,  all  of  which  was  lost 

By  the  process  dealt  with  in  this  paper,  it  is 
only  possible,  however,  to  recover  portion  of  it, 
'.'.,  that  portion  referred  to  as  zinc  slimes.  Un- 
fortunately there  are  no  statistics  of  the  absolute 
quantities  of  these  slimes  handled,  but  fortunately 
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the  equivalent  of  Zn  in  sulphuric  acid  and  soda 
bisulphate  gives  one  a  fair  estimation,  e.g.,  98-08 
H0S04  :  G5-4  zinc.  The  approximate  amount  of 
100%  H2S04  from  these  sources  is  220  tons  per 
month,  and  assuming  an  excess  of  5%  H2Sr>4 
used  in  practice,  this  figure  becomes  210  tons  or 
its  equivalent  140  tons  of  recoverable  zinc,  hav- 
ing an  approximate  value  of  £3,000. 

The  process  of  recovery  is  simple,  and  consists 
in  brief  of  adding  to  the  acid  solution  of  zinc 
sulphate  an  extremely  fine  emulsion  of  magnesium 
hydrate.  An  interchange  of  acid  radicles  takes 
place,  insoluble  zincic  hydrate  and  soluble  n.ag- 
nesic  sulphate  being  formed.  As  the  calcined 
magnesite  always  contains  a  certain  amount  of 
impurity,  its  precipitating  value  depends  upon 
the  percentage  of  caustic  magnesia  present,  the 
precipitate  of  zincic  hydrate  being  adulterated  by 
the  amount  of  gangue,  uncalcined  magnesite,  etc. 

The  modus  operandi  is  as  follows : — The 
quantity  of  free  acid  and  zinc  in  the  solution  to 
be  treated  is  determined.  An  equivalent  amount 
of  available  caustic  magnesia,  to  neutralise  the 
acid  and  precipitate  the  zinc  is  added  in  the  form 
of  a  fine  emulsion  of  magnesic  hydrate  and  water, 
the  whole  being  mechanically  stirred.  Heat 
aids  and  quickens  the  precipitation.  The  preci- 
pitate is  then  isolated,  either  by  the  decantation 
and  washing  process,  or  by  filter-presses. 

Our  experiments  have  been  conducted  with  a 
large  sample  of  local  magnesite,  of  which  the 
following  may  be  taken  as  a  typical  analysis  : — 

Per  cent. 


MgO 

82-61 

MgC03 

3-82 

SiO., 

1075 

Fe203  +  Al203 

0-42 

H20 

1-90 

99-50 
The  methods  used  for  the  determination  of  the 
free  acid  and  zinc,  were  based  more  upon  rapidity, 
convenience,  and  practical  utility,  than  scientific 
accuracy.  The  probable  error  is  about  \%  0Q 
the  total  quantity  estimated.  For  the  estimation 
of  free  acidity  a  measured  quantity  of  the  solution 
containing  the  zinc  was  titrated  with  |N,  KOH 
solution,  the  zinc  present  acting  as  indicator,  by 
its  instantaneous  precipitation  as  hydrate,  the 
moment  the  alkali  was  in  excess.  The  solubility 
of  freshly  precipitated  Zn(OH)2  in  dilute  K2S04 
solution  is  "00187  gm.  in  50  c.c.  (Snyders  B.  11. 
936),  the  amount  present  at  the  end  of  titration, 
a  quantity  far  too  small  to  effect  the  result. 
The  end  point  is  very  decisive.  The  zinc  was 
determined  in  the  original  solution  volumetrically, 
using  standard  sodium  sulphide  with  ammoniacal 
solutions  and  ferric  chloride  as  indicator.  In 
estimating   the    zinc    unprecipitateel    after    the 


treatment  with  magnesic  hydrate,  amnionic 
chloride  has  to  be  added  to  keep  the  magnesium 
hydrate  (formed  in  rendering  the  solution 
ammoniacal)  in  solution,  the  same  volumetric 
method  being  then  employed. 

Standard  Xa.,8  solution  1  c.c.  Na2S  indicates 
0*02  gm.  Zn.  Ferric  chloride  indicator  5  c.c.  of 
0'3%  solution  of  FeCl3. 

Experimentally  the  following  process  was 
adopted  : — To  100  c.c.  of  warm  zinc  solution  (con- 
taining from  2  -  8%  zinc  and  015  to  3%  H2S04) 
a  weight  of  calcined  magnesite  containing  an 
equivalent  neutralising  and  precipitating  amount 
of  caustic  magnesia  (made  up  into  a  fine  emulsion 
with  pestle  and  mortar),  was  added  during 
mechanical  stirring.  The  stirring  and  warming 
were  continued  for  10  hours,  the  whole  allowed 
to  settle  till  clear ;  the  clear  solution  poured  off, 
the  precipitate  washed  and  the  washings  added 
to  the  solution.  Hydrochloric  acid  and  then 
ammonia  added  in  excess,  cooled,  and  titrated 
for  the  zinc  which  might  not  have  been 
precipitated  by  the  magnesia.  With  freshly 
calcined  magnesite  of  82  '61%  magnesia  purity, 
99 '5%  of  the  theoretical  precipitation  of  zinc  was 
obtained. 

The  most  essential  and  important  points  of  tht- 
process  are  : — 

(1)  The  calcination  of  the  magnesite. 

(2)  The  thorough  disintegration  and  emulsi- 
fication  of  the  calcined  magnesite  with  water. 
(Regarding  the  latter,  perhaps  nothing  would  be 
more  suitable  than  a  tube  mill). 

Dealing  with  the  process  from  a  commercial 
standpoint,  the  following  data  -present  them- 
selves : — One  ton  of  commercial  calcined 
magnesite  of  80%  purity  and  costing  £7  per  ton, 
will  precipitate  1*3  tons  of  metallic  zinc  (value 
over  £28)  in  the  form  of  2  tons  of  zincic  hydrate 
and  0-25  tons  of  impurity.  (The  price  of  £7 
per  ton  for  calcined  magnesite  is  the  maximum 
figure,  f.o.r.  Johannesburg.) 

This  resultant  precipitate  might  be  shipped 
home  for  the  recovery  of  the  metal,  or  form  the 
basis  of  a  white  paint  industry,  for  which  there 
is  a  large  demand.  Alternatively  the  zinc  might 
be  recovered  locally  by  any  of  the  well  known 
processes. 

Seeing  that  we  have  a  simple  means  for  the 
recovery  of  zinc,  it  might  be  interesting  from  a 
metallurgical  point  of  view,  to  find  out,  if  it 
would  be  advantageous  to  employ  more  zinc  for 
the  precipitation  of  the  gold  than  is  now 
considered  necessary.  In  other  words  if  the 
precipitation  of  gold  could  be  improved  by  using 
more  zinc  the  extravagance  might  prove  an 
economy.  On  this  point  we  do  not  speak  as 
experts,  but  only  throw  out  the  suggestion  for 
wrhat  it  is  worth. 
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[VI  r.  C.  B.  Saner  (Member  of  Council)  :  I  have 
great  pleasure  in  proposing  a  vote  of  thanks  to 
Mr.  Cullen  and  Mr  Ayers  for  this  short  paper. 
It  is  a  pleasing  factor  that  our  Past-Presidents 
after  they  have  passed  the  chair  do  not  consider 
they  have  done  all  the  work  they  need  do,  but 
still  gird  up  their  loins  for  further  effort.  1 
think  it  behoves  the  lesser  lights  of  the  Society 
to  emulate  them.  They  do  not  weary  us,  they 
interest  us.  Following  on  Mr.  Crosse's  lines  1 
will  not  criticise  the  paper  to-night. 

Prof.  J.  A.  Wilkinson  (Member  of  Covmcil)  : 

I  beg  to  second  this  vote  of  thanks  with  pleasure, 
but,  it  would  be  unfair  to  criticise  the  paper  at  a 
moment's  notice.  One  thought,  however, 
occurred  to  me  whilst  the  paper  was  being  read, 
namely,  whether  the  authors  had  carried  out  any 
experiments  to  recover  the  zinc  elect rolytically. 
As  we  are  shortly  to  have  a  large  supply  of 
electrical  power  this  might  prove  an  economical 
method  of  extraction. 

Prof.  G.  H.  Stanley  (Member  of  Covmcil)  : 
I  should  like  to  support  this  vote  of  thanks  to 
the  authors  for  calling  attention,  in  an  interesting 
paper,  to  a  source  of  waste  in  the  gold  industry 
for  which  it  would  seem  that  a  remedy  can  be 
found. 

I  had  occasion  quite  a  while  ago  to  look  into 
the  same  thing,  and  came  to  the  conclusion  that 
ordinary  chemical  precipitation  processes  did  not 
present,  from  the  commercial  point  of  view, 
much  prospect  of  success,  for  reasons  which  I 
propose  now  to  apply  to  the  process  under  con- 
sideration. 

In  the  first  place  the  precipitate,  after  drying, 
will  contain  something  like  58%  zinc,  and  such  a 
materia]  would  be  worth  only.tS  to  £9  a  ton  at 
the  smelter  oversea.  Against  this  would  have  to 
be  set  the  cost  of  magnesite  (1  ton  for  2"25  tons 
precipitate),  say,  £3  2s.,  freight,  bagging,  and 
other  realisation  expenses,  which  I  do  not  think 
would  be  much  under  £2  10s.  and  more  probably 
over  this  figure,  cost  of  labour,  etc.,  in  precipita- 
tion, filtering  and  drying,  very  problematical,  but 
in  view  of  the  comparatively  small  amount  to  lie 
treated  on  any  individual  mine,  likely  to  be  fairly 
high,  but,  say,  for  the  sake  of  illustration,  £\ 
per  ton  or  total  of  £i\  12s.,  which  leaves  such 
a  small  margin  of  profit  that  it  seems  scarcely 
worth  while.  further,  I  very  much  question 
whether  the  estimate  of  the  amount  of  zinc 
recoverable  is  not  rather  wide  of  the  correct 
figure  since  there  are  other  bodies  which  use  up 
sulphuric  acid  in  the  zinc  precipitate.  It  is 
certainly  very  difficult  to  arrive  at  a  close  approxi- 
mation of  the  actual  quantity  of  zinc  dissolved 
by  the  acid,  but  by  the  author's  figures  there  are 
140  tons,  or  4,083,000  oz.  of  zinc  accompanying 


about  600,000  oz.  gold  in  the  precipitate  treated 
monthly,  or  in  other  words,  the  precipitate 
would  contain  12"8  gold  if  it  consisted  entirely 
of  zinc  and  gold.  It  does  not,  however,  and  it  is 
stated  by  T.  K.  Rose  that  from  20  to  40  of 
other  matter  may  be  present  which,  of  course, 
has  the  effect  of  still  lowering  the  gold  percentage 
to,  say,  10/  or  under  in  the  assumed  case.  We 
know  that,  for  financial  reasons  generally,  there 
is  often  a  lot  of  zinc  dissolved  which  should  not 
be,  but  I  question  whether  the  average  of  the 
precipitate  treated  is  as  low  in  gold  as  10  ,  or  if 
it  is,  whether  this  is  not  due  to  other  matter  than 
zinc  in  high  proportion.  Still,  perhaps  the 
cyanide  managers,  who  should  have  a  lot  to  say 
in  this  discussion,  will  tell  us  what  the  average 
richness  is,  or  what  is  more  important  in  this  con- 
nection the  ratio  between  the  zinc  and  gold 
present.  Obviously,  though,  if  the  precipitate  is 
richer  than  10  /  the  recoverable  zinc  is  diminished 
accordingly. 

Turning  to  the  possibility  of  recovering  the 
metal  locally  :  this  promises  better  economic 
results,  although  it  must  be  remembered  that 
not  more  than  85%  could  be  recovered  by  any  of 
the  well-known  distillation  processes.  Smelting 
costs  would  probably  be  not  much  less  than  £3 
per  ton  of  precipitate,  but  freight  charges  oversea 
would  be  saved  cash  way  ;  still  it  would  obviously 
be  impossible  to  do  this  except  at  one  central 
works,  and  it  is  still  questionable  whether  any 
but  a  few  of  the  largest  producers  would  consider 
it  worth  while  to  precipitate  their  zinc-bearing 
waste  solution,  since  over  70  producing  mines  the 
average  zinc  recoverable  is  only  2  tons  per  mine, 
taking  the  author's  figure. 

I  have  no  information  as  to  the  suitability  or 
value  of  the  precipitate  for  paint  manufacture, 
but  at  first  sight  this  appears  to  present  a  more 
likely  opening  for  the  product  if  the  market 
could  absorb  such  a  quantity. 

It  seemed  to  me  though  that  a  method  which 
would  recover  the  zinc  in  metallic  form  <>/<  the 
mine  has  much  more  chance  of  being  adopted 
and  with  this  idea  1  made  a  number  of  experi- 
ments in  l'.'oT  on  the  electrolytic  precipitation  of 
zinc.  I  started  with  the  idea  of  depositing  it  in 
the  form  of  a  coherent  sheet  which  could  be 
easily  melted  without  undue  loss  and  cist  into 
slabs  for  rolling,  but  soon  found  it  a  very  difficult 
matter  (as  i>,  of  course,  well  known)  to  arrange 
the  necessary  conditions  and  so  would  expect  this 
to  give  too  much  trouble  in  a  works.  [I 
(piite  easy,  however,  to  deposit  it  in  branching 
crystalline  forms  and  also  in  spongy  m 
which  I  think  could  be  washed  and  used  direct 
in  the  zinc  boxes  (possibly  after  a  dip  in  lead 
metals  if  found  to  be  too  pure  to  act  very  effectu- 
ally), thus  saving  the  expense  of  melting,  casting, 
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rolling  and  cutting  into  shavings.  I  still  have  by 
me  some  specimens  illustrating  the  form  in  which 
the  zinc  deposits,  which  I  will  show  at  the  next 
meeting.  At  the  time  I  mentioned  the  matter 
to  one  or  two  cyanide  managers,  but  their 
opinions  were  not  encouraging,  chiefly  in  view  of 
the  small  quantity  to  be  recovered,  and  as  other 
matters  claimed  my  attention  I  dropped  the 
experiments.  I  still  think,  however,  that  the 
electrolytic  method  has  possibilities,  particularly 
in  view  of  the  amalgamations  now  effected  and 
to  come,  and  because  of  the  probable  cheapening 
of  electrical  energy  in  the  near  future,  and  with 
such  a  concentration  of  output  as  may  be  ex- 
pected from  these  amalgamations  the  correspond- 
ing concentration  of  zinc  waste  at  any  rate 
justifies  further  experimental  work  towards  its 
recovery,  particularly  with  a  view  to  determine 
the  best  conditions,  current  efficiency,  etc  ,  and, 
above  all,  probable  recovery  and  cost. 


Mr.     D.     W.     Greig    (Associate) 
following  paper : — 


read    the 


ANALYSES  OF    GASES    FROM  BURNING 
NITRO-GLYCERINE  EXPLOSIVES. 


By   W.    Cullen    (Past-President)    and    D.   W. 
Greig  (Associate). 


It  will  be  remembered  that  in  the  paper  by 
one  of  us,  which  appears  in  the  November 
number  of  last  year's  Journal,  a  large  number  of 
gas  analyses  were  given.  These  were  all  results 
obtained  by  detonation.  In  no  case  were  oxides 
of  nitrogen  observed.  At  that  time  we  had  not 
investigated  the  behaviour  of  any  of  the  ordinary 
or  even  the  special  explosives  on  burning,  but  we 
were  hopeful  that  the  new  explosive  which  we 
had  provisionally  designated  "  Antifume,"  might 
prove  an  improvement  on  the  old.  It  is 
surprising  how  very  little  work  has  been  done  in 
this  subject.  Here  and  there  one  finds  figures 
given,  but  they  nearly  all  emanate  from  the  one 
source.  Of  course,  everyone  out  here  knows  in 
general  terms  what  happens,  but  no  definite 
figures  have  ever  been  advanced  excepting  those 
relating  to  mortality.  In  other  directions  a 
certain  amount  of  pioneer  work  has  been  done, 
but  the  conditions  have  nearly  always  been 
artificial.  What  one  desires  to  know  out  here  is 
how  explosives  behave  on  burning  in  the  open, 
or  at  atmospheric  pressure.  Most  of  the  experi- 
ments referred  to  have  been  carried  out  in  steel 
bombs  in  which  the  conditions  are  almost  exactly 
the  reverse  of  those  which  generally  obtain  when 
burning  takes  place  at  atmospheric  pressure.  In  a 
bomb  there  is  a  rapid  acceleration  of  pressure  cul- 
minating in  a  maximum  which  can  be  determined, 


but  Sir  Andrew  Noble  proved  many  years  ago  that 
quite  apart  from  the  question  of  sufficiency,  or  in- 
sufficiency of  oxygen,  pressure  has  a  most  pro- 
found influence  on  the  gaseous  products  of 
explosion. 

Sarrau  and  Yielle,  whose  work  is  quoted  by 
Berthelot,  have  put  several  analyses  on  record. 
In  one  they  show  that  out  of  every  100  volumes 
of  the  gaseous  products  evolved  on  burning 
nitro-glycerine  48*2%  is  nitric  oxide — an  appal- 
ling figure.  For  nitro  cellulose  the  correspond- 
ing figure  was  24*7%.  Taking  these  figures 
as  a  basis,  Dr.  Weiskopf,  in  giving  evidence 
before  the  Miners'  Phthisis  Commission,  said 
that  the  amount  of  nitric  oxide  which  would  be 
produced  by  the  burning  of  one  cartridge  (250 
gr.)  of  Modderfontein  blasting  gelatine  was 
84*81  litres,  or  299  cub.  ft.  =  41*65  vol.  per  cent. 

After  these  preliminary  remarks  we  shall  pass 
on  to  our  own  work,  the  exact  details  of  which 
are  given  in  the  appendix.  It  is  to  be  observed 
that  our  figures  are  calculated  on  a  somewhat 
different  basis  from  the  usual ;  they  give  the 
absolute  quantity  of  nitric  oxide  produced  by 
unit  weight,  on  burning.  That  is,  according  to 
table  I,  every  100  parts  of  ordinary  blasting 
gelatine  has  produced  33*46%  of  its  weight  of 
nitric  oxide. 

Table  I. — Absolute  quantities  nitric  oxide  found 
in  the  gases  resulting  from  the  burning  of 
the  following  nitro-glycerine  explosives  ; — 

P,c- 

I.     Ordinary  blasting  gelatine  ..       33*46 

II.    Antifume  blasting  gelatine    *        ...  29*23 

HI.   Blasting  gelatine  containing  chlorate  33*27 

IV.    Gelignite  ordinary      ...  ...  21*00 

V.    Gelignite  modified       ...  ...  19*58 

VI.    Gelatine  dynamite     ...  ...  25*00 

Table  II. — Volumes  of  nitric  oxide  produced  by 
the  burning  of  one  1^  in.  cartridge  (about. 
250  gr.)  of  the  following  nitro-glycerine 
explosives  : — 

Litres.  cub.  ft. 
I.  Ordinary  blasting  gelatine  80*68  =  2*845 
II.   Antifume  blasting  gelatine  70*42  2*487 

III.  Blasting    gelatine   contain- 
ing chlorate...  ...  80*15         2*830 

IV.  Gelignite  ordinary  ...   50*59  1*787 

V.  Gelignite  modified  ...47*17         1*666 

VI.  Gelatine  dynamite  ...   60*23  2*127 
These  figures   call  for  no  particular  comment. 

Those  of  Table  II.  are  just  the  same  as  Table  I., 
but  put  another  way.  One  thing  is  perfectly 
clear,  and  it  is  that  Antifume  does  not  behave 
very  differently  from  ordinary  blasting  gelatine. 
True,  the  amount  of  nitric  oxide  produced  is  less 
by  about  12%,  but  relatively  speaking  this  is  a 
small    reduction.       From    the    results    it    would 
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•appear  that  there  is  a  direct  ratio  between  the 
percentage  of  nitro-glycerine  present  and  the 
amount  of  nitric  oxide  produced. 

What  the  experiments  have  made  us  realise 
is  that  with  all  nitro-glycerine  explosives 
tremendous  quantities  of  nitric  oxide  are  pro- 
duced on  burning.  The  inference  is  so  very 
obvious  that  one  need  hardly  dilate  upon  it,  but 
some  inventors  have  actually  gone  the  length  of 
endeavouring  to  develop  the  potential  power  of 
nitro-glycerine  explosives  by  burning  to  start 
with  than  which  no  more  efficient  method  of 
killing  those  underground  could  well  be  devised. 
'One  tiny  £  in.  cartridge  of  blasting  gelatine  can 
produce  enough  nitric  oxide  to  kill  many  people. 
Experts  who  have  made  a  special  study  of  the 
toxic  effects  of  this  gas  will  be  able  to  translate 
our  figures,  but  as  in  the  case  of  carbon-monoxide 
— only  much  more  so — they  can  only  be  described 
as  astounding. 

Appendix. 

Description  of  Method  Employed. — The  explo- 
sive was  burnt  and  the  gases  absorbed  by  potash 
solution,  the  idea  being  to  titrate  the  excess  of 
potash  left  after  absorption  of  the  gaseous  pro- 
ducts, with  acid.  The  difficulty  experienced  was 
to  find  an  indicator  which  while  showing  up 
alkaline  to  sodium  carbonate  of  which  there  was 
bound  to  be  considerable  quantities,  would  behave 
as  an  acid  with,  and  would  not  be  decolorised 
by,  nitrous  acid. 

It  was  found  that  a  combination  of  potassium 
permanganate  and  alizarine  answered  the  purpose. 
A  weighed  quantity  of  the  explosive  (about  0"8 
of  a  gramme)  was  suspended  on  a  piece  of 
platinum  wire,  connected  with  a  battery,  in  a 
bottle  of  14  litres  capacity,  into  which  had 
previously  been  introduced  a  known  solution  of 
potash  (50  c  c.  ?  answering  the  purpose).  The 
explosive  was  burnt  by  raising  the  platinum  wire 
on  which  it  was  suspended  to  a  red  heat.  After 
burning,  the  bottle  was  allowed  to  remain  un- 
opened for  thirty  minutes  to  make  certain  that 
all  oxides  of  nitrogen  had  been  absorbed  by  the 
potash,  and  the  solution  then  washed  into  a 
porcelain  basin.  The  quantity  of  water  used  in 
washing  out  the  bottle  was  about  700  c.c,  the 
total  volume  of  solution  in  the  basin  amounting 
therefore  to  about  800  c.c.  This  solution  (after 
making  sure  that  it  was  alkaline)  was  then  raised 
to  90°  C,  and  when  everything  was  ready  for  the 
titration  a  drop  or  two  of  dilute  K.Mn(  ),  solution 
added.  The  delicate  pink  colour  of  the  perman 
ganate  was  at  this  temperature,  almost  immedi- 
ately changed  to  a  light  yellowish  brown  colour, 
due  presumably  to  the  precipitation  of  MnOs  in 
a  fine  state  of  division.  Standard  Sulphuric  acid 
was  run  into  this  until  the  colour  just  disappeared. 
To  the  faintly  acid,  decolourised  solution,  aliza- 


rine was  added,  and  while  it  was  still  hot,  ? 
potash  solution  introduced  drop  by  drop  until  the 
characteristic  end  point  of  alizarine  was  reached. 
Five  or  six  drops  of  potash  wras  found  to  be  all 
that  was  necessary,  when  the  first  decolorisation 
had  been  carefully  executed.  The  first  indicator 
(KMn04)  was  used  in  order  to  obtain  the  final 
solution  just  on  the  acid  side  of  the  neutral 
point ;  as  to  have  had  this  solution  decidedly 
acid  at  90°  C.  would  have  resulted  in  the  loss  of 
nitrous  acid. 

Dr.  D.  Macaulay,  M.L.A.  {Member) :  I  came 
here  to  hear  especially  what  Mr.  Cullen  and  Mr. 
Greig  had  to  say  on  the  results  of  their  experi- 
ments with  regard  to  the  improvements  they 
have  been  trying  to  introduce  in  the  matter  of 
the  nitro-glycerine  explosive,  which  are  so  largely 
used  on  these  gold  fields.  I  think  we  have  to 
congratulate  ourselves,  and  to  offer  them  our  con- 
gratulations for  the  honesty  with  which  they 
have  produced  their  figures.  This  is  a  very 
serious  subject,  and  I  am  more  and  more 
impressed  with  it  every  day.  Attending  here  for 
the  first  time  for  many  months  I  wish  to  confess 
that  I  do  think  the  discussion  in  which  we  were 
engaged  several  years  ago  has  been  productive  of 
good  results,  and  as  one  of  the  opponents  of  this 
theory  I  must  admit  that  I  think  the  gases  pro- 
duced in  the  detonation  or  combustion  of  nitro- 
glycerine explosives  have  a  great  deal  to  do  with 
the  production  of  disease  among  mine  workers. 
The  authors  have  proved  to  us,  although  unfortu- 
nately their  results  are  negative,  that  there  are 
men  amongst  us  experimenting  and  working 
hard  to  obviate  the  danger  of  these  explosives.  I 
have  no  doubt  that  if  the  members  of  the  Society 
continue  in  the  steadfast  course  they  have  set 
before  themselves,  it  may  be  possible  to  arrive  at 
the  happy  position  when  an  explosive  may  be 
invented  which  will  not  have  deleterious  effects. 
The  sum  total  of  this  paper  is  that  their  new 
explosive  is  not  very  much  better  than  the  old. 
We  all  know,  that  in  actual  practice  in  the  mines 
for  reasons  which  ic  would  be  well  for  the  Society 
to  investigate,  the  results  are  very  deleterious 
indeed,  and  that  the  nitro-glycerine  explosives 
used  on  these  fields  are  not  theoretically  perfect. 
The  practical  result  of  Messrs.  Cullen  and  Greig's 
experiments  is,  that  although  the  behaviour  oi 
this  new  explosive  is  such  that  it  enables  miners 
to  return  to  the  face  sooner,  yet  it  produces  an 
amount  of  carbon  monoxide  on  explosion  which 
would  probably  poison  every  one  in  tin-  room. 
The  pleasing  feature  to  me  is  the  honesty  of  the 
paper.  1  think  we  are  called  upon  to  propose  a 
hearty  vote  of  thanks  to  Mr.  Cullen  and  his 
coadjutor,  and  to  wish  them  good  luck  and 
success  in  the  future. 
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Prof.  J.  A.  Wilkinson  {Member  of  Council) : 
I  desire  on  your  behalf  to  second  the  vote  of 
thanks  proposed  to  Messrs.  Cullen  &  Greig,  and 
again  to  emphasise  the  honesty  of,  purpose  shown 
in  bringing  these  results  before  the  Society.  I 
quite  agree  with  the  authors  in  their  statement 
that  the  results  obtained  are  astounding.  All  of 
which  means  that  further  research  is  necessary 
before  we  can  arrive  at  a  satisfactory  method  of 
destroying  the  effects  produced  by  these  ga-es, 
or,  better  still,  of  preventing  their  production. 
Those  of  you  who  have  followed  the  technical 
papers  during  the  last  few  months  will  have 
noticed  descriptions  of  what  is  styled  the  United 
States  Government  Explosives  Testing  Station. 
Briefly,  it  consists  of  galleries  where  all  kinds  of 
tests,  both  chemical  and  physical,  are  carried 
out  with  explosives.  On  the  various  mines 
here  a  much  larger  amount  of  explosives  is  used 
than  anywhere  else  in  the  same  area  in  the 
world,  and  the  establishment  of  a  similar  station 
here— or  better,  if  possible — is  a  subject  which 
might  well  merit  the  attention  of  the  Mines 
Department,  since  the  results  obtained  by  its 
means  would  amply  repay  its  institution. 
Another  feature  of  such  a  station  is  that  it 
enables  experiments  to  be  carried  on  in  the  rescue 
of  men  by  the  use  of  safety  helmets.  By  refer- 
ence to  last  month's  Journal  I  see  that  Mr. 
Cullen  drew  attention  to  the  fact  that  he  had 
transgressed  one  of  the  bye-laws  of  the  Society, 
and  stated  in  response  to  a  request  by  the 
President  that  he  would  make  good  the  omission 
at  this  meeting.  I  therefore  hope  that  he  will 
now  come  forward  with  the  information  promised. 

Mr  W.  Cullen  (Past-President):  It  is  quite 
true  I  made  that  promise  at  our  last  meeting,  and 
I  hope  to  supplement  the  promise  before  I  sit 
down.  With  regard  to  the  short  paper  we  have 
submitted,  the  results  are  a  very  great  disappoint- 
ment indeed.  We  anticipated  that  the  modified 
explosive  would  have  been  a  great  advance  in 
the  matter  of  the  production  of  nitric  oxide,  hut 
there  is  no  getting  away  from  the  fact  that  they 
are  no  advance  whatever.  The  results  indicate 
that  the  amount  of  nitric  oxide  produced  bears  a 
ratio  to  the  percentage  of  nitro-glycerine  con- 
tained in  the  explosives.  With  regard  to  the 
future  I  am  not  at  all  hopeful  that  we  shall  find 
it  possible  to  evolve  an  explosive  which  will 
behave  satisfactorily  in  regard  to  the  production 
of  nitric  oxide  on  burning.  Of  course  two  or 
three  years  ago  we  could  not  have  said  that  we 
should  be  successful  in  doing  away  with  carbon 
monoxide,  and  this  gives  us  zest  to  carry  out  our 
experiments  still  further.  Mr.  Greig,  in  reading 
the  paper,  referred  to  the  appendix,  which  deals 
exclusively  with  the  carrying  out  of  the  experi- 
ments and  the   method   of  analysing   the  gases. 


This  latter  is  perhaps  open  to  criticism,  but  it 
gives  approximate  results,  which  is  as  much  as 
one  can  expect.  We  wished  to  bring  these 
results  before  the  Society  as  soon  as  possible  in 
order  to  avoid  all  possibility  of  misadventure, 
because  many  people  even  to-day  do  not  realise 
that  there  is  a  difference  between  detonation  and 
burning.  With  regard  to  the  composition  of 
Antifume  Blasting  Gelatine,  I  would  refer 
members  to  Transvaal  Specification  No.  466  of 
1908,  where  full  particulars  are  given. 

Dr.  J.  Moir  (  Vice-President):  I  hope  to  be 
able  to  discuss  the  scientific  part  of  Mr.  Cullen's 
paper  at  the  next  meeting,  for  I  did  a  little  work 
on  the  same  subject  a  few  years  ago,  but  I  want 
now  to  take  advantage  of  the  reading  of  this 
paper  to  make  a  remark  on  a  subject  connected 
with  it.  I  want  to  sound  a  note  of  warning  con- 
cerning certain  newspaper  paragraphs  which  have 
recently  appeared,  dealing  with  the  "  Antifume" 
explosive  of  the  Modderfonteiu  Factory.  These 
paragraphs,  which  I  am  assured  do  not  emanate 
from  the  factory,  state  that  when  this  explosive 
is  used,  it  is  safe  to  return  immediately  to  the 
face  blasted.  This  is  I  consider  very  dangerous 
matter  to  appear  in  the  public  press,  for  if  miners 
are  to  trust  in  it  there  will  be  an  alarming  increase 
in  gassing  accidents.  My  attention  has  been 
called  today  to  the  death  of  a  native  from  gassing 
by  the  fumes  of  Antifume  gelatine,  as  a  result  of 
this  practice.  It  is  true  that  an  extra  quantity 
of  fumes  was  present  as  a  result  of  the  first 
"  cut  "  having  failed  to  come  away,  but  the  fact 
remains  that  there  is  still  0  2  or  0-3>:  of  CO  in 
these  fumes  as  produced,  and  although  they  are 
very  much  less  dangerous  than  the  fumes  of 
ordinary  gelatine  (which  contain  I  of  CO)  they 
are  still  dangerous  to  life  if  inhaled  for  more  than 
a  minute  or  two. 

Mr.  W.  Cullen  (Past-President) :  I  would 
just  like  to  endorse  the  w.  rds  which  have  fallen 
from  Dr.  Moil's  lips.  It  is  a  great  pity  that  an 
erroneous  impression  has  been  conveyed  by 
certain  newspaper  paragraphs  which  are  alto- 
gether unauthorised.  Although  the  carbon 
monoxide  has  been  greatly  reduced  there  is  still 
quite  enough  present  immediately  after  explosion 
to  be  a  source  of  danger. 

SOUTH  AFRICAN  COALS  AND  THEIR 
ECONOMICS. 


(Read  nt  April  Meeting,  1909.) 
By  Arthur  J.  Andrews. 

DISCUSSION. 

Mr.  Tom  Johnson  (Member)  :  Mr.  Andrews, 
in  his  paper,  speaks  of  the  collection  of  smalls 
and  rubbish  in  the  bottom  of  the  bunkers.  From 
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this  cause  engineers  get  many  anxious  hours 
when  consignments  are  late.  This  trouble  I 
have  seen  lessened  very  much  by  making  a 
practice  of  working  from  one  end  of  the  bunkers 
to  the  other  clearing  the  bottom  regularly, 
thereby  keeping  down  the  accumulations  and 
using  the  coal  before  it  had  time  to  become 
seriously  deteriorated,  and  I  would  recommend 
the  practice  to  our  engineering  friends.  Many 
engineers  keep  their  bunkers  full  because  of  un- 
certainty of  arrival  of  consignments,  as  it  is  a 
very  serious  thing  for  a  mill  to  be  hung  up  for 
want  of  steam.  Those  who  wished  to  keep  a 
stock  of  coal  on  hand  for  time  of  emergency 
•could  keep  it  under  water  ;  in  this  manner  the 
deterioration  is  very  small,  and  it  would  not  be  a 
great  expense  to  make  and  maintain  a  small  dam 
to  carry  100  or  L'OO  tons  of  coal.  As  Mr. 
Andre .vs  and  Mr.  McArthur  Johnston  point  out, 
waste  is  caused  by  negligence  in  firing  and  by 
using  poor  boys.  Other  reasons  are,  having  fire 
doors  open  too  long,  not  using  the  damper,  also 
allowing  too  much  encrustation  on  tubes,  etc., 
leaks  in  boiler  seatings,  leaky  steam  pipes,  etc. — 
all  these  are  coal  wasters. 

I  have  always  thought  that  it  would  pay  to 
have  a  separate  engineer  on  each  large  mine  to 
look  after  the  generation  and  use  of  steam  itself, 
i.e.,  coal,  boilers  and  seatings,  steam  lines,  valves, 
taking  cards,  etc.  On  many  of  our  mines  an 
engineer  could  save  as  much  as  his  salary  by 
going  round  having  leaks  stopped,  steam  pipes 
properly  covered,  water  from  exhaust  steam 
conserved,  etc. 

.Mr.  Andrews  says  that  there  seems  to  be,  in 
many  cases,  a  want  of  interest  shown  in  the 
different  coals  in  use.  This  is  not  the  fault 
altogether  of  the  engineer,  who  may  regulate  his 
system  of  firing  for  a  particular  coal,  also  his 
furnace  and  bridge,  then  some  one  else  orders  a 
different  coal,  requiring  a  larger  or  smaller 
furnace  and  a  different  system  of  firing;  then 
away  goes  all  heart  in  the  work,  for  fresh 
orders  have  to  be  given  and  the  boys  trained  to 
a  new  system,  and  probably  before  the  engineer 
can  get  them  going  well  in  the  new  way,  he  gets 
the  old  coal  again  and  he  reverts  to  the  old 
system,  and  the  boys  will  say  to  one  another 
that  the  boss  must  be  a  malkop. 

Our  President,  in  his  contribution,  mentioned 
that  in  the  United  States  Government  tests  of 
coals,  good  hand  firing  increased  the  efficiency  of 
the  boilers  by  10%  to  15%  under  ordinary  com- 
mercial conditions  ;  that  is  so.  They  also  found 
that  if  the  gases  were  passed  through  a  boiler 
with  twice  the  usual  speed,  practically  twice  the 
power  could  be  got  from  the  boiler,  proving  what 
Prof.  Perry  has  said  for  a  long  time.  The  n 
ing,  to  my  mind,  is   easy   to   follow,    seeing  that 


the  conductivity  of  the  metal  of  the  Hue  of  a 
boiler  is  so  great,  that  there  is  very  little  differ- 
ence of  temperature  on  the  two  surfaces  of  the 
flue,  so  that  the  heat  given  to  the  film  of  gas  on 
the  one  side,  will  be  transmitted  to  the  film  of 
water  on  the  other  side,  and  if  twice  the  mass  of 
gases  of  a  given  temperature  are  passed  through 
a  flue  in  a  given  time  twice  the  amount  of  heat 
will  be  passed  through  the  metal  of  the  Hue.  pro 
viding  the  circulation  of  water  is  good  enough. 
The  circulation  of  water  in  a  boiler  does  not 
increase  as  fast  as  the  capacity  of  the  boiler,  80 
that  to  get  high  capacity  and  efficiency  from  a 
boiler  or  boilers,  adequate  circulation  must  be 
provided  to  carry  off  the  bubbles  of  steam  as 
they  are  formed.  This  is  important,  as  the  cir- 
culation may  be  good  enough  in  a  boiler  where 
the  amount  of  coal  burnt  is,  say,  20  lbs.  per 
hour  per  square  foot  of  grate,  but  quite  inade- 
quate if  40  lbs.  per  square  foot  were  being  burnt. 
In  a  case  of  this  kind  twice  the  capacity  would 
not  be  obtained  for  twice  the  coal,  but  a  high 
increase  of  stack  temperature  and  waste  would 
result.  Prof.  Perry,  in  his  book  on  "  The  Steam 
Engine,"  gives  instances  of  boilers  being  tested 
with  half  the  tubes  plugged  up,  the  same  work 
being  got  from  the  boiler  by  increasing  the 
draught,  and  passing  the  same  weight  of  gases 
through  the  remaining  half  of  the  tubes.  If  the 
initial  draught  in  these  cases  equalled  0'5  in. 
water,  what  would  the  draught  have  to  be  when 
the  half  of  the  tubes  were  plugged.  As  the  area 
of  rubbing  surface  was  reduced  to  one-halt  and 
the  friction  in  the  open  half  of  the  tubes  increased 
to  four  times,  the  draught  necessary  would  be 
twice  or  10  in.  of  water.  Really  it  would  be 
something  less,  as  the  friction  other  than  in  the 
tubes  would  remain  constant.  But  if  it  was 
necessary  to  get  twice  the  power  from  a  boiler  or 
boilers,  leaving  all  the  flues  open,  then  it  would 
need  more  than  four  times  the  draught  as 
measured  by  the  water  gauge,  for  the  friction  in 
the  stack  would  also  bi  increased,  due  to  the 
larger  amount  of  gases  ;  this  friction  the  water 
gauge  does  not  measure.  The  stack  friction 
could  be  kept  down  by  increasing  the  diameter 
of  stack.  It  is  this  question  of  draught  that  will 
hamper  our  engineer,  I  fancy,  that  is,  not  hav- 
ing it.  It  is  of  primary  importance,  especially 
when  coal  is  bad. 

The  different  mines  should  be  served  continu- 
ally with  approximately  the  same  kind  ol  coal — 
not  necessarily  from  the  same  mint — the  furnaces 
and  combustion  chambers  arranged  for  thai  coal, 
care  being  taken  to  fix  good  mixing  arrange- 
ments to  break  up  the  i  long  strip  of 
metal    twisted    into   a    spiral,    and    placed    in  lire 

tubes  ol  boilers  of  the   I'.  &  C.   kind  will  cause 
the  gases  to  give  up  more  ol   their  heat;  bunkers 


94 


The  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.         Sept.  1909" 


should  be  covered,  the  bottoms  should  be  so 
formed  that  the  smalls  cannot  accumulate  ;  in 
flat-bottomed  bunkers  the  practice  of  clearing 
regularly  from  end  to  end  should  be  followed, 
boys  taught  to  fire  as  quickly  a*s  possible  once 
the  doors  are  opened  ;  also  they  should  be  taught 
the  use  of  the  damper  while  firing  ;  all  air  leaks 
in  the  boiler  settings  should  be  stopped,  steam 
pipes  covered,  and  steam  leaks  at  joints  and 
valves  stopped. 

The  quantity  of  air  used,  or,  more  correctly, 
the  way  in  which  the  air  is  used,  has  a  bearing 
on  the  economical  use  of  coal.  Large  excesses  of 
air  within  reason — say  between  25%  and  75% 
excess — may  be  used  with  advantage  if  it  is 
really  passed  through  the  fire  and  not  through 
holes  in  the  fire. 

It  does  not  always  pay  to  get  too  great  a 
vacuum  in  the  condensers  ;  it  is  better  to  get  the 
water  back  to  the  boiler  as  hot  as  possible.  I 
have  seen  engineers  striving  to  get  perfection  in 
their  condensing  arrangements,  and  wasting  more 
power  to  get  those  last  two  inches  than  they 
gained.  More  use  should  be  made  of  the  exhaust 
steam  from  winding  and  other  engines  exhaust- 
ing to  the  atmosphere.  Boilers  should  not  be 
run  too  long  without  cleaning,  and  good,  i.e.. 
suitable  water  should  be  used.  I  have  seen 
many  pounds  spent  on  mines  for  purifying 
apparatus,  the  boilers  being  worse  after  using  the 
supposedly  purified  water  than  they  were  with- 
out. If  engineers  would  collect  the  water  from 
the  exhaust  steam,  separate  fhe  oil  from  it,  and 
use  this  water,  they  would  have  less  trouble 
with  their  boilers,  and  save  coal.  Of  course, 
this  water  should  be  returned  as  hot  as  possible. 

In  reference  to  mixing  arrangements  mentioned 
earlier,  these  all  create  friction,  so  that  extra 
draught  would  be  needed.  At  mines  where  this 
extra  draught  is  not  available  and  boiler  power 
not  sufficient,  then  extra  draught  should  be  pro- 
vided before  increasing  the  boiler  plant.  This 
applies  to  most  mines,  as  everyone  is  wanting  to 
handle  greater  tonnages,  thereby  needing  more 
power.  In  conclusion,  I  would  recommend  to 
the  "  powers  that  be"  the  idea  of  using  separate 
engineers,  with,  of  course,  the  necessary  training, 
for  handling  the  generation  of  steam  and  the 
using  of  it.  I  am  firmly  of  the  opinion  that  it 
would  pay  handsomely.  I  would  also  recom- 
mend to  our  engineering  friends  and  others  the 
study  of  Prof.  J.  Perry's  book,  "  The  Steam 
Engine,"  particularly  the  chapter  on  how  fluids 
give  up  heat  and  momentum  ;  also,  "A  Study  of 
Four  Hundred  Steaming  Tests "  made  at  the 
fuel  testing  plant,  St.  Louis,  Mo.,  U.S.A.  The 
latter  can  be  obtained  free  from  the  Director, 
Department  of  Interior,  U.S.  Geological  Survey, 
Washington.      Some   of  the   general  conclusions 


derived  from  these  tests  are  that  while  fairly 
high  average  efficiencies  were  got,  better  efficiencies 
could  be  obtained  if  furnaces  and  other  conditions 
were  more  adapted  to  particular  coals  High 
C0.2  contents  in  the  gas  analysis  is  not  a  definite 
indication  of  high  efficiency.  The  best  efficiencies 
of  tests  recorded  in  the  paper  were  obtained  with 
about  10%  of  CO.,.  The  rate  of  combustion  is 
affected  by  the  chemical  composition  of  the  coal, 
the  size  of  the  coal,  the  intensity  of  the  draught, 
and  to  some  extent  by  the  thickness  of  the  fire 
and  the  formation  of  clinker.  Bituminous  coals, 
high  in  "  volatile  matter,"  burn  quicker  than 
those  high  in  "  fixed  carbon.''  Coals  ranging  in 
size  from  \  in.  to  1^  in.  burn  much  more  rapidly 
than  either  very  small  or  very  large  sizes.  This 
is  undoubtedly  due  to  better  distribution  of  air 
with  these  sizes.  With  higher  rates  of  combus- 
tion, less  air  is  used  per  pound  of  combustible. 
Capacity  varies  almost  directly  with  the  rate  of 
combustion.  The  presence  of  ash  up  to  15%  in 
dry  coal  has  very  little  effect  on  efficiency  and 
capacity.  Above  this  percentage,  however,  the 
efficiency  drops.  Moisture  reduces  efficiency  and 
capacity  perhaps,  by  hindering  combustion.  The 
presence  of  sulphur  in  coal  is  not  detrimental  to 
the  value  of  coal  as  fuel  for  steaming  purposes,, 
except  when  it  exists  in  certain  combinations 
with  other  constituents  of  the  ash  so  as  to  form 
fusible  clinker  which  may  adhere  to  the  grate. 
Bituminous  coal  should  be  fired  in  small  quanti- 
ties every  three  or  four  minutes.  It  is  best  to 
fire  only  on  one-half  the  grate  area  at  a  time. 
The  best  thickness  of  fire  ranges  from  5  in.  to 
10  in.,  varying  with  the  intensity  of  draught 
0'5  in.  to  0"7  in.  under  the  stack  damper.  For 
hand  firing,  a  furnace  with  tile  roofs  and  large 
combustion  chamber  containing  good  mixing 
structure  is  well  adapted  for  burning  bituminous 
and  lignite  coal.  Inasmuch  as  the  boiler  plant  is- 
at  present  an  expensive  portion  of  the  steaming 
plant,  and  as  it  probably  is  possible  to  cut  its- 
cost  down  to  a  fraction  of  the  present  cost,  and 
at  the  same  time  obtain  a  higher  efficiency,  it  is 
felt  that  there  is  good  ground  for  anticipating  a 
great  improvement  in  the  production  of  steam 
power  during  the  next  few  years. 

The  author  sees  no  reason  why  boilers  cannot 
be  constructed,  and  probably  operated  with 
entire  satisfaction,  which  will  produce  about  ten 
times  the  amount  of  steam  now  obtained  per 
square  foot  of  heating  surface  and  with  no  diffi- 
culty in  obtaining  dry  steam.  It  will  probably 
be  found  on  attempting  this  reduction  of  dimen- 
sions and  cost  that  the  limit  will  be  not  in  the 
boiler  itself,  but  in  the  combustion  chamber. 
Burning  a  large  amount  of  coal  on  a  small  grate 
area  is  largely  a  question  of  draught  and  C"ii- 
tinual  riddance  of  ash,  but   the   rate  of  travel  of 
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gases  through  a  combustion  chamber  is  depend- 
ent, practically,  only  on  the  amount  of  carbon 
burnt  per  unit  of  time,  the  rate  being  about  the 
same,  no  matter  what  the  air  supply  per  pound 
of  carbon. 

Effort  in  completing  of  steam  generating  plants 
of  small  dimensions  must  be  largely  concerned 
with  the  construction  of  a  combustion  chamber 
containing  many  gas-mixing  appliances. 

REPLY    TO    DISCUSSION. 

Mr.  A.  J.  Andrews  :  I  wish  to  thank  Messrs. 
McArthur  Johnston  and  Cullen  for  their  support, 
and  to  express  my  appreciation  of  the  valuable, 
additional  information  they  have  brought  forward. 
I  quite  agree  with  the  former  that  the  subject  is 
a  very  large  one  :  I  found  it  far  too  wide  to  do 
anything  like  justice  to  in  a  single  paper. 

Regarding  the  weathering  of  coal,  raised  by 
Mr.  Cullen,  it  might  be  of  interest  to  mention 
that  certain  samples  of  South  African  coal,  thrown 
down  upon  the  hard  ground  and  exposed  fully  to 
weather  conditions,  lost  from  2  to  5%  of  their 
calorific  value  in  ten  days.  I  understand,  from 
his  discussion,  that  Mr.  Laschinger  is  inclined  to 
regard  the  fossil  tree  casts  at  Vereeniging,  as 
proof  that  South  African  coal  seams  generally 
were  mainly  made  up  of  trees  rather  than  twigs, 
leaves,  bark,  &c.  For  my  part,  I  have 
always  considered  that  such  fossils,  as  those 
referred  to  by  Mr.  Laschinger,  indicate  an 
exceptional  rather  than  a  regular  ingredient  of 
the  coal  seams  of  South  Africa.  Mr.  Tom 
Johnson  has  written,  at  considerable  length,  both 
as  regards  the  direct  and  the  indirect  saving  of 
fuel  :  in  support,  of  which  latter  consideration, 
he  has  urged  certain  classical  methods  of  steam 
economy,  pure  and  simple  ;  and,  although  most 
of  these  measures  are  well  known,  I  think  that 
their  frequent  neglect,  in  practice,  may  justify 
their  importance  being  urged  so  earnestly. 

In  conclusion,  I  desire  to  thank  the  Society  for 
having  enabled  me,  as  a  visitor,  to  "  open  up  " 
such  an  important  subject. 

ROUTINE  ASSAYING  ON  A  WESTRALIAN 
MINE. 


{Read  at  December  Meeting,  1908.) 
By  W.  B.  Blyth  (Associate). 

REPLY    TO   DISCUSSION. 

Prof.  J.  A.  Wilkinson  (Membei  of  Covncil) 
read  the  author's  reply  to  discussion  on  his  paper, 
as  follows  : — - 

Mr.  W.  B.   Blyth  (Associate)  :     In  bringing 

forward  this  paper  for  discussion  the  author  was 
actuated   by  a  desire  to  bring  before  members 


details  of  working  methods  prevailing  in  Westra- 
lian  assay  offices  at  the  present  time.  The 
assayer  here,  as  elsewhere,  is  expected  to  get 
through  a  large  amount  of  work  with  a  minimum 
of  time  and  expenditure  ;  and  this  can  only  be 
satisfactorily  accomplished  by  evolving  and  prac- 
tising a  thoroughly  systematic  method  of  pro- 
cedure. I  had  hoped  to  see  Rand  assurers  rouse 
themselves  sufficiently  to  attack  and  criticise  the 
operation  described  ;  but  as  no  one  has  accepted 
the  challenge  to  any  extent,  I  will  reply  very 
briefly  to  what  little  criticism  I  have  been 
subjected  to. 

Mr.  A.  McArthur  Johnston  attacks  my  method 
of  keeping  checks  of  mine  samples.  Now 
my  article  described  in  detail  the  operation  con- 
ducted in  one  office,  and  the  method  of  keeping 
checks  was  quite  applicable  and  reliable  in  the 
case  mentioned,  owing  to  the  fineness  of  the  An 
and  to  its  even  distribution  through  the  rock. 
In  the  presence  of  coarse  Au  it  would  naturally 
be  necessary  to  reduce  the  rock  to  a  considerably 
finer  condition  before  one  would  expect  two 
samples  taken  in  the  method  described  to  agree. 
Like  many  other  assayers,  I  should  like  to  see  all 
samples  ground  to  pass  through  a  200  mesh 
screen  before  arriving  at  the  office.  Unfortu- 
nately economic  considerations  scarcely  warrant 
the  attainment  of  such  idealistic  condition  ;  and 
one  has  perforce  to  be  satisfied  with  a  degree  of 
comminution  which  experience  shows  will  give  a 
fairly  satisfactory  check  under  ordinary  circum- 
stances. 

Mr.  White,  "as  usual,"  waxes  satirical  at  my 
advocating  the  use  of  borax  as  a  flux,  when  I 
state  that  "  fluxing  without  borax  has  been  tried 
with  satisfactory  results."  What  I  meant  was 
that  with  the  non-borax  flux  I  got  the  Au  out 
all  right.  If  Mr.  White  had  gone  further  he 
would  have  seen  that  1  immediately  modified  my 
statement  by  saying  that  "  the  presence  of  a 
little  borax  tended  to  make  the  slag  more  fluid 
and  to  shorten  the  time  of  fusion."  Now,  I  do  not 
want  to  inflict  any  more  of  the  borax  versus  non- 
borax  controversy  on  members,  so  will  content 
myself  by  observing  that  I  am  in  complete  accord 
with  Mr.  L.  J.  Wilmoth's  remarks  on  the  subject. 
Mr.  Clennell  also  makes  out  a  good  C&S6  for  the 
use  of  borax  in  moderation,  and  in  view  of  the 
almost  universal  agreement  among  assayers  on 
this  subject,  it  seems  to  be  about  up  to  Mr. 
White  to  shelve  his  somewhat  quixoticul  ideas. 

Mr.    Wilmoth    (piestions   whether  I  grind   my 
samples  fine  enough.     Now,  I  would  like  him  to 
take  Borne  low  grade  sand  samples,  and  passrepre 
sentative  portion  through  a  40  to  60  and  a  100 

mesh  screen  ;   to  then  assay  same  and  to  note  the 

result.  1  will  guarantee  that  with  proper  fusion 
he  will   get   as  much  Au  from  the  60  product 
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as  he  will  get  from  the  finer  material.  I  went  to 
considerable  trouble  to  convince  myself  of  this 
before  reverting  to  the  coarser  screen. 

Referring  to  tbe  method  described  for  assaying 
solutions,  I  am  now  using  200  c.c*.  for  the  assay 
instead  of  the  100  c.c.  sample  I  mentioned  before. 
The  procedure  is  exactly  the  same,  and  the 
results  equally  accurate.  With  a  200  c.c.  sample, 
•001  gr.  of  Au  obtained  shows  a  value  9d.  per 
short  ton,  and  as  the  balance  employed  is  quite 
sensitive  to  "0003  gr.,  a  difference  of  3d.  per  ton 
can  be  noted.  Greater  accuracy  than  this  seems 
only  of  academic  interest. 

Owing  to  a  typographical  error,  I  was  quoted 
as  using  only  "5  gr.  for  a  bullion  assay  sample, 
and  Mr.  Wilmoth  is  quite  right  in  assuming  that 
it  should  read  -5  gm. 

•SUGGESTIONS    FOE    A    NEW    ATOMIC 
THEORY. 

{Read  at  April  Meeting,  1909.) 

By  James   Mom,  M.A.,  D.Sc,  F.R.S.S.Afr. 
(Vice-President). 


Reply  to  Discussion. 

Dr.  J.  Moir  (Vice-President):  The  criticism 
on  my  paper  divides  itself  at  once  and  naturally 
into  two  classes  ;  namely,  (1)  intelligent  criticism, 
and  (2)  a  priori  criticism.  The  latter  variety  of 
criticism  is  entirely  based  on  what  I  might  be 
supposed  to  have  said  by  critics  who  have  not 
troubled  to  read  what  I  actually  did  say  ;  and 
this  kind  of  criticism  is,  I  regret  to  saj*,  only  too 
common  in  this  pretentious  but  superficial  com 
munity.  Of  actual  criticism  I  have  only  one 
piece  to  deal  with,  viz.,  that  of  Mr.  Watson  ;  and 
I  have  to  class  together  Messrs.  Wilkinson,  Roux, 
and  Adair,  as  having  either  not  read  my  paper  at 
all  or  failed  to  grasp  it 

Prof.  Wilkinson  did  not  fulfil  his  promise  of 
reading  my  paper  and  discussing  it,  so  I  have 
nothing  to  say  in  that  quarter.  As  for  Egerton's 
paper  to  which  he  refers,  I  must  say  that  I  am 
not  unduly  impressed  by  it,  being  convinced  that 
Egerton's  "  discovery  "  is  partly  due  to  mathe- 
matical necessity,  and  partly  to  sheer  coincidence. 
I  have,  however,  discussed  this  point  elsewhere, 
and  need  not  therefore  repeat  it  here.  I  regret 
only  that  Prof.  Wilkinson  has  been  unable  to 
point  out  any  of  the  weak  points  in  my  theory — 
of  the  existence  of  which  I  am  myself  fully  con- 
scious. 

I  now  turn  to  Mr.  Adair.  His  first  accusation 
is  that  I  have  not  done  a  stroke  of  practical 
work  in  support  of  my  theory  :  and  that  I  com- 
pare very  unfavourably  with   certain   "chemical 


giants  of  last  century."  This  accusation  may  be 
true  ;  but  in  reduction  of  sentence  for  my  offence, 
I  have  to  say  that  I  have  so  far  had  only  a  dozen 
years  of  working  life,  and  yet  have  in  that  time 
been  responsible  for  thirty  or  forty  contributions 
to  knowledge.  Mr.  Adair,  on  the  other  hand, 
claims  forty  years'  experience,  in  which  time  he 
appears  to  have  been  too  immersed  in  routine  to 
accomplish  anything  more  than  what  I  must  call 
a  few  mere  "pot-boilers."  It  is  true  that  Mr.  Adair 
makes  an  excuse  for  his  attack  on  me  by  saying 
that  he  wishes  to  save  the  younger  members  from 
being  misled.  To  this  I  reply  that  such  a  theory 
as  mine  is  very  obviously  not  written  for  babes 
and  sucklings. 

With  regard  to  the  first  half  of  his  criticism,  I 
have  to  point  out  that  chemistry  has  long  ago 
got  past  the  classificatory  stage.  It  is  no  mass 
of  isolated  facts  :  and  what  is  certain  is  that  any 
person  who  attempted  to  acquire  a  knowledge  of 
its  hundreds  of  thousands  of  compounds  without 
the  aid  of  theory,  would  very  soon  qualify  for  a 
madhouse.  It  is  only  by  means  of  chemical 
theory  that  a  chemist  can  predict  (as  he  can  do) 
all  the  essential  properties  of  a  substance  which 
he  has  never  seen  or  even  of  compounds  still 
unknown  ;  and  in  fact  quite  half  of  the  current 
organic  research  consists  in  creating  new  com- 
pounds predicted  by  theory.  I  must  give  a  point- 
blank  denial  to  my  critic's  statement,  that  "  even 
the  greatest  chemists  and  physicists  nearly 
always  fail  in  their  predictions" — for  somehow  I 
cannot  help  thinking  that  Mr.  Adair  has  been 
"  confounding  small  things  with  great,'"  and  that 
he  really  had  some  Rand  metallurgical  process  or 
other  in  his  mind. 

As  for  the  rest  of  it,  Humphrey  Davy  and  the 
other  pioneers  invented  molecular  formulae  to 
account  for  such  chemical  transformations  as 
they  knew.  I  really  do  not  see  why  1,  a  younger 
worker,  and  so  far  as  possible  an  "  heir  of  all  the 
ages,"  may  not  be  allowed  to  invent  sub-molecular 
formu  a:  to  account  for  the  more  intricate  rela- 
tions of  the  atoms  which  we  now  know.  If  Mr. 
Adair  really  holds  the  contrary  opinion,  I  am 
compelled  to  say — harsh  as  it  is— that  it  is  a 
pity  that  he  ever  went  in  for  Science.  As 
things  are,  one  can  only  contemplate  with 
regret  the  waste  of  40  years  of  his  life  in  self- 
satisfied  reactionariness — like  the  Major-General 
in  "  The  Pirates  of  Penzance,"  which  I  bring  up 
to  date  as  follows  to  accommodate  my  victim  : — - 

"  For  his  scientific  knowledge,  though  lie's  plucky 
and  adventury, 

Has  only  been  brought    dowu   to  the  middle  of 
last  century." 

However,  at  the  end  of  a  page  of  abuse, 
Mr.  Adair  gives  us  one  tangible  piece  of  criticism, 
that  my  structural  picture  of  the  sodium  atom  is 
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not  electropositive.  This  is  due  to  a  misunder- 
standing of  the  functions  I  ascribe  to  the  element 
x,  which  is  not  a  halogen  and  does  not  neutralist' 
H  (except  perhaps  when  both  H  and  x  are 
attached  at  the  same  point).  My  formula  for 
sodium  is  Xa  =  (Li  -  .#■)  +  (O  +  .»),  or  what  cornea 
to  the  same  thing  (Li  -  x)  +  (Ne  —  x)  ;  and  this, 
although  not  quite  satisfactory,  is  very  far  from 
being  absurd.  It  should  be  noted  that  mere 
increase  in  size  of  the  molecule  would  cause 
increase  of  electro-positiveness. 

Mr.  Roux  ottered  no  criticism  of  my  paper,  but 
instead  gave  us  some  of  his  own  ideas.  His  con- 
ception of  adding  up  the  beginning  and  end  of 
the  list  of  elements  is  quite  new,  and  is  rather 
remarkable  in  the  degree  of  agreement  reached. 
I  think,  however,  that  this  agreement  is  most 
probably  due  to  coincidence,  for,  although  Mr. 
Roux  gets  17  out  of  the  possible  28  pairs  to  add 
up  to  239  (HU,  LiTh,  NRa,  XaEm,  PBi,  PbS, 
T1C1,  KHg,  PtSc,  MnVV,  NiTa,  YSa,  CeNp, 
PdCs,  AgX,  Cdl  and  SnSb),  yet  I  find  that  14 
pairs  can  be  got  adding  up  to  252,  also  14  pairs 
adding  up  to  256,  and  13  pairs  adding  up  to  248 
— all  this  indicating  doubtless  an  obscure  law  in 
the  original  growth  of  the  elements,  but  not 
supporting  Mr.  Roux's  idea  that  the  beginning 
and  the  end  are  complementary  to  each  other. 
For  example,  I  notice  that  the  series  osmium  to 
bismuth  is  very  nearly  a  repetition  of  the  series 
glucinum  to  aluminium,  thus  Os  =  TaGl,  Ir  =  TaC, 
Pt  =  TaX,  Au  =  Ta();  Hg  -  TaF,  Tl  =  TaNa, 
Bi  =  TaAl  ;  but  I  should  nevertheless  be  loth  to 
prophesy  from  this  that  elements  of  the  formula 
TaB,  TaXe,  and  TaMg  must  exist  because  they 
are  missing  from  the  above  series.  Another 
most  remarkable  coincidence  I  have  noticed  is 
that  nearly  all  the  multiples  of  7  occur  in  the 
atomic  weights  when  taken  on  the  H=l  basis. 

Mr.  Roux's  periodic  curve  also  contains  some 
new  presentations  of  the  problem,  notably  tic 
turning-points  at  the  tetrad  elements  (see  my 
paper,  first  page)  ;  but  it  will  be  noted  that  his 
curve  is  not  symmetrical  about  the  Sn-Sb  point, 
which  fact  in  itself  negatives  his  239  law.  The 
curve  is,  however,  nearly  symmetrical  about  the 
point  150,  so  that  300  is  the  number  which 
should  give  maximum  agreement  when  the  begin 
ning  and  end  are  added  together — instead  of  239. 

As  for  the  rest  of  his  paper,  of  course  I  rejecl 
without  hesitation  his  conception  of  radio  active 
degradation  of  gold — there  is  plenty  of  experi- 
mental evidence  against  it  ;  also  his  conception 
of  "involution1'  (by  which  I  imagine  he  means 
synthesis);  and  of  "pre-established  harmony" 
and  other  intangibilities  too  numerous  to  specify. 
Although  I  have  myself  been  guilty  of  imagining 
structures  to  account  for  the  properties  of  the 
atoms,  I  have  no  sympathy  whatever  with  people 


who  (like  Miss  Annie  Besant)  imagine  hundreds 
of  pages  of  structures  of  atoms,  without  knowing 
the  properties  of  the  atoms  which  are  to  be 
accounted  for  (see  The  I'heosophisf,  190S,  in 
about  ten  monthly  numbers). 

To  return  to  Mr.  F.  W.  Watson's  contribution, 
I  have  first  of  all  to  thank  him  for  having  taken 
the  trouble,  before  discussing  me,  to  understand 
the  theory  so  well  as  he  has  done,  and  secondly,, 
for  presenting  his  views  moderately  and  without 
prejudice — which  is  so  refreshing. 

As  for  the  details,  I  have  to  say  that  I  did 
mean  nitrogen  to  be  Cx  and  oxygen  CV., — very 
nearly  as  methenyl  is  CH  and  methylene  CH2, 
except  that  x  is  not  detachable  at  our  present 
known  temperatures, and  probably  always  stays  in- 
side the  molecule.  I  am  not  without  hope  that  some 
day  oxygen  will  be  broken  down  into  nitrogen  ;. 
something  of  the  sort  is  indicated  by  the 
similarity  of  the  high  temperature  spectra  of  CX 
and  CO. 

I  did  intend  urea  to  be  isomeric  with  acetic 
acid,  and  benzyl  alcohol  with  phenylhydrazine. 
By  the  way,  I  wonder  why  Mr.  Watson  chose 
these  out-of-the-way  samples  to  "show  me  up" 
with,  because  he  could  easily  have  found  more 
familiar  substances  which  I  make  isomeric.  My 
theory  makes  CO  isomeric  with  X.„  hence  CH40 
is  isomeric  with  X.,H4,  and  the  examples  he  has 
chosen  follow  at  once  from  this.  I  see  no  real 
difficulty  in  such  isomerisms,  since  we  are 
familiar  already  with  plenty  of  cases  where 
isomerism  depends  entirely  on  arrangement  and 
not  on  composition.  Thus  CH.,X.,  may  be 
diazomethane  or  cyanamide  —  substances  quite  as 
far  apart  as  acetic  acid  and  urea.  Again  aldehyde 
is  totally  different  from  ethylene  oxide,  although 
both  are  C.,H,0. 

The  argument  from  the  non-existence  of  optical 
activity  in  phenylhydrazine  is  negative  and  not 
worth  much  on  its  merits,  because  all  the  known 
optically-active  nitrogen  compounds  are  unstable 
and  tend  by  interchange  of  groups  to  become 
inactive;  in  any  case,  all  the  known  processes 
for  separating  optical  isomerides  make  the 
nitrogen  pentad  and  (according  to  me)  alter  the 
configuration. 

Again  I  have  to  agree  with  Mr.  Watson  that 
the  ():  H  ratio  is  not  16  to  1,  and  my  theory, 
which  did  not  deal  with  the  thiol  place  of 
decimals,  is  unaffected  by  taking  H  =  1008  as. 
usual.  I  have  published  elsewhere  a  discussion 
of  the  small  fractions  in  the  atomic  weights,  and 
I  will  only  say  here  that  1  assume  the  existence 
of  a  very  small  element  =  009,  the  cause  of 
valency,  such  that  if  oxygen  contains  two  such 
and  hydrogen  one,  the  ratio  0:H  calculates  out 
as  16  :  1*0078  as  required. 
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As  for  the  reason  why  He  and  Ne  were  chosen  as 
the  bricks  in  my  edifices,  Mr.  Watson  probably 
now  knows  the  reason — namely — that  they  have 
actually  been  obtained  as  products  of  decay  of 
radium  and  actinium  and  their  emanations.  This 
is  experimental  proof  of  the  pre-exibtence  of  He 
■and  Ne  in  these  higher  elements.  I  may  mention 
that  I  tried  to  transmute  thallium  into  gold  by 
means  of  uranium,  but  it  did  not  succeed. 

As  for  my  element  x,  I  naturally  cannot  define  its 
properties  exactly,  but  it  appears  to  be  identical 
with  the  o  particle  from  radium  (which  is  known 
to  have  ejm  =  5,000,  whence  m  is  2,  and  is  either 
my  x  or  Ho  or  55).  The  nearest  analogy  to  x  is 
fluorine,  which  has  enormous  affinity  and  not 
much  electro-negative  effect  when  combined. 
Mr.  Watson,  however,  finds  difficulty  in  accept- 
ing the  conception  of  its  mobility  and  unsaturated 
{or  rather  unsaturating)  character,  but  I  think 
that  analogies  can  be  found  to  help  him,  such  as 
the  mobility  of  small  groups  like  methyl  (conver- 
sion of  methylaniline  into  toluidine  for  example), 
and  the  "residual  affinity  "  even  in  NaCl  (where- 
by it  is  convertible  into  NaC103).  Even  the 
ionisation  of  HC1  in  water  is  an  analogous  case 
to  the  conversion  of  triad  nitrogen  into  pentad — 
the  result  being  in  each  case  the  creation  of  two 
new  valencies  ;  but  in  the  case  of  nitrogen  the  x 
is  supposed  merely  to  become  loose  without 
escaping  from  the  molecule. 

In  conclusion,  I  should  like  to  indicate  that 
from  farther  study  of  the  question  I  am  convinced 
that  the  supposition  made  in  the  body  of  my 
paper  about  the  atomic  weight  of  helium  is 
untenable,  and  that  I  now  prefer  the  other  hypo- 
thesis (given  in  the  note  at  the  end)  of  the 
existence  of  a  sub-atom  of  atomic  weight  about 
0T0  (given  as  0'09  in  the  note).  I  am  now 
satisfied  that  helium  is  4-00,  and  that  my  theory 
must  be  changed  by  putting  (2u-  +  0T)  wherever 
He  was  used  in  my  formula?,  and  that  zoikon 
may  be  an  inseparable  group  (viz.,  Hx)  rather 
than  an  clement.  This  latter  idea  I  find  has  also 
■occurred  to  Sir  J.  J.  Thomson — see  Corpuscular 
Theory  of  Matter,  as  follows  : — 

"  A  system  of  four  atoms,  each  possessing  unit 
positive  and  unit  negative  valency  rigidly  attached 
to  each  other  and  forming  the  four  corners  of  a 
regular  tetrahedron,  would  possess  the  same 
chemical  properties  as  the  carbon  atom ;  two 
such  atoms  could  be  united  by  one,  two,  or  three 
bonds,  while  the  free  valencies  not  satisfied  by  the 
connection  between  the  atoms  would  be  satisfied 
by  any  univalent  atoms  whether  electro-positive 
or  electro-negative." 

I  have  studied  somewhat  closely  the  evidence 
for  the  existence  of  the  extraterrestrial  gaseous 
elements,  and  wish  to  put  the  results  on  record 


here.  Coronium,  from  the  sun's  outer  atmosphere, 
accompanies  hydrogen,  but  lies  farther  out  and 
therefore  is  lighter  than  the  latter.  I  propose  to 
annex  it  as  the  representative  of  the  atomic 
weight  0T  which  I  require  to  explain  glucinum, 
magnesium,  etc.  The  spectrum  lines  of  coronium 
are  \\5,303,  5,536,  5,118,  4,686  (1),  4,361,  4,231, 
4,086  [3,987,  3,801,  3,643,  3,456],*  3,388,  3,381, 
and  are  characterised  by  remaining  sharp  whilst 
the  chromospheric  lines  are  distorted  by  solar 
storms — the  only  explanation  possible  is  that 
coronium  occurs  high  above  the  storm  zone.  In 
the  upper  chromosphere  also  appear  H  and  He, 
together  with  \  5,316  of  unknown  source,  and 
\\  5,184,  5,173  and  5,167  due  to  magnesium  or 
a  decomposition  product  of  magnesium  ;  also  XX 
5,169  and  5,019  ascribed  also  to  iron  or  its 
decomposition. 

The  other  mysterious  element  is  nebulium,  the 
main  constituent  of  the  gaseous  nebulae.  It  is 
apparently  heavier  than  both  hydrogen  and 
helium,  which  can  be  explained  by  making  it  the 
same  as  my  zoikon  (which  if  of  diatomic  molecule 
would  have  a  molecular  weight  of  6).  Its 
spectrum  lines  are  XX  5,007,  4,959,  and  3,727. 
Taking  all  the  irresolvable  nebula?  together,  some 
40  lines  have  been  measured,  of  which  11  belong 
to  H,  5  to  He,  3  to  nebulium,  and  the  following 
17  are  of  unknown  origin  and  may  in  part  belong 
to  my  element  x  :  XX  5,680,  5,540,  5,313,  5,183, 
4,790,  4,743,  4,715,  4,662,  4,363,  4,265,  4,145, 
4,067,  3,968,  3,869,  3,460,  and  3,390  ;  also  5 
lines  very  dubiously  assigned  to  nitrogen,  oxygen 
and  silicon.  In  connection  with  this,  Mr.  Eugen 
Schilz,  of  Pretoria,  has  called  my  attention  to 
an  investigation  of  the  Lyra  nebula  by  Prof.  Max 
Wolf,  who  by  using  a  slitless  spectroscope  found 
the  rings  of  different  colours  to  have  different 
sizes  ;  that  of  X  4,688  (generally  classed  as 
"Rydberg  hydrogen")  was  smallest;  the  5 
ordinary  hydrogen  rings  were  equal  and  rather 
larger,  viz.,  XX  6,561,  4,861,  4,339,  4,101  and 
3,968  ;  next  came  4  still  larger  rings  due  to 
nebulium,  viz.,  XX  5,007,  4,959,  3,870  and  3,727, 
of  which  the  last  was  the  largest  and  brightest 
in  the  spectrum.  Of  course,  however,  there  is 
still  doubt  whether  segregation  of  these  gases 
into  rings  has  taken  place  in  this  nebula,  since 
other  explanations  of  the  phenomenon  have  been 
given  ;  but  there  is  no  doubt  that  nebulium  is  an 
element,  and  there  is  great  probability  that  it 
represents  the  effect  of  an  unimaginably  intense 
heat  on  our  ordinary  elements,  because,  for 
example,  when  a  new  star  dies  down  and  its 
metallic  spectrum  lines  disappear,  the  line  5,007 
remains  to  testify  to  the  conversion  of  the  collid- 
ing worlds  into  nebular  gas. 

*  These  are   sometimes  ascribed  to  another  unknown  litfht 
element  in  the  corona. 
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Finally,  I  am  not  without  hope  that  human 
ingenuity  will  achieve  means  for  attaining  higher 
temperatures  than  it  has  now  reached,  and  that, 
when  this  is  done,  many  of  our  elements  (particu- 
larly the  halogens,  the  pentads  and  the  other 
classes  of  elements  which  do  not  appear  in  the 
sun)  will  be  broken  up  and  will  exhibit  spectrum 
lines  given  in  the  above  lists.  Even  then  we 
shall  be  far  from  knowing  the  atomic  weights  of 
these  disintegration-products  ;  but  I  still  venture 
to  hope  that  my  theory,  even  though  it  is  as  a 
whole  of  very  unequal  merit,  will  in  its  main 
lines  be  thus  verified  by  experiment. 

I  wish  to  thank  Mr.  Innes,  the  Director  of  the 
Government  Observatory,  for  the  use  of  modern 
works  on  astrophysical  research,  from  which  the 
foregoing  data  have  been  compiled. 

GRADING  ASSAYS  AND  GRINDING 
EFFICIENCIES. 


(Bead  at  December  Meeting,  1908.) 

•By   Arthur   Yates,    A.I.M.M.   (Corresponding 
Member  of  Council.) 

REPLY    TO    DISCUSSION. 

Mr.  A.  Yates  {Corresponding  Member  of 
■Council)  :  I  am  sorry  that  some  of  the  members 
have  not  come  forward  with  gradings  and  effici- 
encies for  crushing  and  grinding  machines  other 
than  the  stamp  and  tube  mill,  and  so  shed  a 
little  more  light  on  the  subject  under  discussion. 
I  would  also  have  liked  to  see  some  grading 
assays  produced  by  those  who  have  adopted  the 
"  all  slimes  "  process,  with  a  view  to  justifying 
the  use  of  such  processes  or  otherwise. 

It  is  pleasing  to  know  that  the  Mines  Trials 
Committee  are  making  a  thorough  investigation 
of  the  tube  mill,  and  I  trust  their  results  will  be 
published  in  the  Society's  Journal;  it  is  to  be 
hoped  their  work  will  extend  further  and  cover 
all  types  and  makes  of  crushing  and  grinding 
machines,  and  so  establish  once  and  for  all  their 
individual  merits  and  thus  save  untold  sums  of 
money  that  are  at  present  being  wasted  owing 
to  the  general  ignorance  on  this  subject. 

Edge  running  machines,  such  as  the  Chilian 
mill  will,  I  believe,  be  found  to  give  a  high 
■efficiency,  both  mechanically  and  metallurgical!)'; 
and  I  have  been  pleased  to  see  the  prominence 
given  to  the  Chilian  mill  in  recent  papers  and 
discussions  on  the  liand.  All  ores  are  not  alike; 
the  fine  state  of  division  of  the  gold  and  silver 
in  the  Redjang-Lebong  ore  is,  I  think,  rather 
exceptional,  though  some  of  the  Mexican  ores 
approximate  to  it.  Many  ores  will  be  found  to 
yield  the  largest  profit  when  ground  to  all  pass 
a  screen  between  "0082  in.  (CO  mesh)  and  -0065 


in.  (80  mesh)  on  account  of  the  rapid  increase  in 
the  capital  cost  of  grinding  plant  required  and 
the  working  costs.  Taking  into  consideration 
all  details  of  cost  of  plant,  power,  working, 
depreciation  and  recovery  for  two  plants,  one 
with  stamps  only  and  the  other  with  stamps 
supplemented  by  tube  mills,  simple  stamping 
will  be  found  to  deserve  very  careful  considera- 
tion. Where  fine  stamping  is  desired  some 
method  such  as  returning  the  classified  coarse 
product  from  the  screens  to  the  mortar  boxes 
again  and  recrushing  with  fresh  coarse  ore,  if 
properly  followed  up  and  good  classifying  appara- 
tus employed,  seems  to  hold  possibilities  of  success. 

I  thank  Mr.  White  for  his  kind  remarks  on 
my  paper,  and  regret  that  I  am  unable  to  give 
him  any  precise  information  on  the  size  of  the 
gold  and  silver  particles  in  the  ore,  but  if  they 
do  not  occur  as  molecules  they  must  come  very 
near  to  doing  so  as  will  be  seen  from  the  elutria- 
tion  experiments  appended. 

In  considering  the  sands  -  200  it  has  to  be 
remembered  that  we  leave  the  measured  size  of 
particle  from  screen  grading  for  particles  of 
greatly  varying  sizes  but  of  equal  falling  veloci- 
ties in  water.  The  ore  contains  many  minerals, 
most  of  them  heavier  than  quartz,  one  of  these, 
marcasite,  with  which  the  gold  appears  to  be 
associated  to  some  extent,  crushes  more  easily 
and  to  smaller  particles  than  the  quartz  ;  these 
minerals,  on  account  of  their  high  specific 
gravity,  came  down  freely  with  the  —  200  sands, 
thus  explaining  the  increase  in  percentage  extrac- 
tion between  the  sands  +  200  and  -  200. 

A  correct  divisor  for  water  separations  could 
only  be  obtained  by  microscopic  measurements  of 
a  large  number  of  samples  of  the  ore,  sands  or 
slimes,  as  the  case  may  be,  but  I  believe  it  will 
be  found  that  by  estimating  on  the  total  stamped 
product  and  the  total  product  after  the  tube 
mills  going  to  the  cyanide  works  little  difference 
in  results  will  be  obtained  by  using  all  -  200  = 
•002  in.,  or  sands  -  200  and  elutriated  slimes 
=  •0025  in.  and  '0015  in.,  or  '002  in.  and 
•001  in.  respectively.  The  material  is  apparently 
steadily  reduced  from  grade  to  grade,  and  con- 
sequently the  assumption  of  a  mean  size  between 
two  quite  distant  grades  does  not  materially 
affect  the  calculation. 
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To  obtain  some  idea  of  the  fines  in  the  ore  and 
the  efficiency  value  of  the  ore  going  to  the 
battery  I  took  two  trucks  at  random  and  had 
their  contents  graded.  The  crushers  (Bhke- 
Marsden)  were  set  to  1J  in.  I  must  say  that  the 
fines  came  out  much  lower  than  I  expected, 
though  I  know  of  no  reason  why  I  should  doubt 
that  they  represent  the  ore.  On  these  gradings 
the  battery  does  not  appear  to  be  a  favoured 
machine.  Dry  weight  of  ore  in  trucks, '1904  lb. 
and  1947  lb.  respectively. 


Screen. 

+ 

+ 
(i 

+ 
8 

+ 
16 

+ 
100 

+ 
150 

+ 
200 

200 

(1 

'  2 

.verage% 

lean 

aperture 

:tfiei- 

ency  No. 

70-08 
67-48 
68-75 

1-25 

0-55 

19-90 
17-00 
IS -45 

0-3 

0-61 

1-73 
5-54 
3-03 

0-084 

0-43 

3-78 
3-44 

0-051 
0-70 

2-85 
214 
2-50 

0-020 

1-25 

0-53 
0-54 
0-53 

0-0047 

1-12 

o-io 

0-12 

Oil 

0-0034 
0-32 

1-03 
3-72 
2-37 

0-0020 

11-85 

=  99-95% 

=  99-98^ 
=  99-95% 

inches 

=  16-83 

The  mean  of  two  twenty  mesh  battery  gradings 
=  2634,  therefore  efficiency  per  cent.  =  1467'8%, 
or  at  4  tons  (new  figure  with  two  stage  breaking) 
and  2-62  h.p.  the  relative  efficiency  =  376'4. 

The  average  of  several  tube  mill  samples 
corresponding  to  the  above  was  :  leaving  318-5, 
entering  1368  =  1817  =  132-8%  181-7x51-15 
tons  =  9293-9 -=-47-5  h.p.  =  195  6  relative  effi- 
ciency. 

As  Mr.  White  suggests,  other  separations 
between  sands  +  200  and  sands  -  200,  also  sands 
-  200  and  elutriated  slimes  would  be  of  advantage 
and,  I  should  say,  might  be  carried  out  on  close 
trials  of  plant  and  machinery,  but  my  aim  was  to 
put  forward  a  series  of  gradings  and  assays  which 
can  be  carried  out  by  the  usual  plant  and  assay 
office  staffs  in  ordinary  working  routine.  In  my 
own  case,  the  five  products  give  the  useful 
information  desired  for  this  mine,  and  serve  as  a 
fairly  good  check  against  work  in  other  mining 
districts. 

If  Mr.  White  had  the  more  complete  gradings 
of  the  two  -  90  residues  he  mentions,  one  from 
stamping  going  1  dwt.,  and  the  other  from  grind- 
ing going  06  dwts.,  I  feel  sure  he  would  find  the 
explanation  of  the  difference  in  their  gold  contents; 
in  working  for  a  given  screen  product  the  stamp, 
on  account  of  the  more  rapid  discharge,  will 
always  give  a  coarser  average  product  than  the 
tube  mill.  The  reason  I  could  not  use  efficiency 
factors  for  calculating  extractions  during  changes 
in  the  milling  conditions  was  not  due  to  any 
differences  in  crushing  detail  but  to  an  increase  in 
tonnage  reducing  treatment  time  in  the  sands  and 
slimes  plants ;  extractions  were  thus  adversely 
affected,  the  sands  plant  got  a  larger  tonnage  of 
sands  to  treat,  the  fineness  of  which  partly  balanced 
the  reduction  in  time,  and  the  slimes  plant  got  a 
much  larger  tonnage  of  slimes  together  with  an 
increasing  percentage  of  fine  sands,  the  nature  of 


the  material  and  size  of  plant  both  being  against 
good  results. 

We  have  taken  temperatures  of  the  pulp 
entering  and  leaving  the  tube  mills  and  found  a 
decided  increase,  representing  a  considerable  loss 
of  energy ;  this  loss  of  energy,  I  think,  will  be 
found  to  increase  with  the  fineness  of  grind- 
ing. It  becomes  a  question  of  whether  to 
give  the  tube  mills  a  small  feed  and  slow  through 
passage  with  minimum  pump  or  wheel  circulation, 
or  large  feed,  rapid  discharge,  and  maximum 
circulation,  both  of  which  methods  waste  plant 
and  power. 

It  is  interesting  to  record  that  a  mill  run  with 
silex  liners  and  imported  flint  pebbles  shows 
only  one-half  the  wastage  attending  local  liners 
and  reef  "  pebbles,"  the  angular  reef  "  pebbles  " 
are  not  so  well  shaped  for  grinding  and  tend  to- 
wear  flat  and  slide  in  the  mills.  The  registered 
horse-power  consumed  is  as  given  in  the  paper, 
the  tube  mills  being  direct  driven  from  motors 
and  ammeter  readings  regularly  taken. 

I  have  to  thank  Mr.  H.  Stadler  for  a  copy  of 
his  paper  read  before  another  Society  and  for 
advance  notes  of  his  able  contribution  to  this  dis- 
cussion. Mr.  Stadler  following  up  the  experi- 
ments of  Professor  Kick  with  falling  spheres 
has  evolved  a  law  for  the  mechanical  work 
done  in  crushing  departing  materially  from 
that  of  Rittinger  used  in  this  paper  for  esti- 
mating efficiencies.  I  must  confess  that  I  do 
not  altogether  follow  Mr.  Stadler  in  his  interest- 
ing dissertation  which  has  just  come  to  hand  and 
to  which  as  yet  I  have  not  been  able  to  give  the 
consideration  his  views  undoubtedly  deserve. 
However,  as  Mr.  White  has  dealt  with  many  of 
the  points  raised  I  may  pass  on  to  other  matters. 
The  relative  efficiency  method  given  in  my  paper 
is  a  combination  of  theory  with  practice,  taking 
into  account  work  done  as  represented  by  the 
measure  and  weight  of  the  original  and  final 
products  with  the  mechanical  power  actually 
used. 

By  taking  the  figures  obtained  for  relative 
mechanical  work,  and  calculating  as  for  relative 
efficiency,  %  e,  /R.M.W.  x  Tons\  a  table  of  order 
is    obtained     \  []  \>  J  corresponding  to 

the  order  for  relative  efficiency  to  unity,  though  the 
proportional  differences  between  numbers  is  more 
marked  in  the  former,  which  is  to  be  expected 
owing  to  the  great  divergence  from  theory  of  the 
power  actually  consumed.  Mr.  Stadler  has  mis- 
read me  in  saying  I  give  an  example  of  the 
unreliability  of  the  efficiency  numbers  for  the 
finer  grades ;  the  example  given  was  to  illustrate 
the  need  for  working  with  precisely  similar 
figures  for  all  purposes  of  comparison,  if  one- 
sainple    is    based    on    all — 203  ="002    in.,   then. 
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another  cannot  be  worked  out  with  sands — 
200  =  "0025  in.  and  elutriated  slimes  =  "0015  in. 
If  looked  at  in  this  light  Mr.  Stadler's  fears  for 
cigarette  ash  or  dust  may  be  dispersed. 

The  sizes  for  screens  and  times  for  screening 
as  given  in  my  paper  were  only  decided  on  after 
a  long  series  of  tests.  It  is  absolutely  necessary 
in  screening  to  work  to  a  fixed  time  on  a  given 
size  of  sample,  otherwise  the  personal  equation 
will  be  found  to  give  very  varied  results.  From 
my  own  work  I  should  say  a  large  number  of 
gradings  is  more  necessary  for  checking  the 
extractions  on  grades  than  for  estimations  of 
mechanical  work  ;  with  the  latter,  little  variation 
in  results  will  be  found  even  between  very 
distant  grades. 

Appended  is  a  table  of  all  the  stamp  and  tube- 
milling  results  for  the  year  1908,  348  samples 
in  all  ;  this  table  gives  a  considerable  amount  of 
information  on  stamping  and  tube-milling,  and  it 
will  be  seen  that  the  efficiency-tonnage  number 
for  stamping  is  very  regular,  also  the  relative- 
efficiency  number.  The  table  shows  that  tube 
mills  do  much  better  work  on  coarse  material 
than  on  fine,  their  efficiency  falling  off  rapidly. 
As  the  efficiency  number  expresses  the  amount  of 
work  done  by  measure  and  the  tonnage  by 
weight  (power  remaining  the  same)  it  is  evident 
that  the  products  of  the  two  dimensions  should 
agree.  We  may  write  it  :  "  Within  the  usual 
practical  limits  of  coarse  and  fine  crushing  by 
stamps  of  any  given  weight,  and  working  under 
average  conditions,  the  work  of  stamping  through 
any  screen  as  represented  by  the  relative  efficiency 
to  unity  should  always  be  1*000."  From  the 
results  shown  in  the  table  I  have  constructed  a 
curve  ba.sed  on  the  "efficiency-tonnage"  results 
of  the  12,  16  and  20  mesh,  on  account  of  their 
close    agreement.       (Diagram    1.)      The   central 
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Diagram  I.— EHiciency  Tonnages. 

portion  of  the  curve  applies  very  well  to  working 
conditions,  or,  as  I  have  stated,  "  within  the 
usual   limits    of   coarse    and    fine    grinding   by 


stamps "  ;  but  when  we  come  to  the  ends  it 
appears  necessary  to  take  other  conditions  into 
consideration,  two  of  these  no  doubt  being  the 
weight  of  particle  (heavy  or  light)  and  the  water 
used.  At  the  two  tons  mark  we  reach  a 
condition  of  100%  -  200,  where  the  lightness  of 
the  particles  would  make  crushing  by  stamps 
very  difficult.  At  the  other  end  of  the  curve  the 
small  amount  of  fracturing  for  stamping,  the 
large  pieces  of  ore  and  their  rapid  removal  from 
the  mortar  box  come  forward  for  consideration. 
Has  any  member  of  the  Society  crushed  ore 
through  a  considerable  range  of  screens  and 
plotted  out  the  results  with  tons  as  ordinate  and 
screen  aperture  as  abscissa  ?  Here  we  have 
only  worked  through  a  narrow  range  of  screens, 
but  so  far  as  we  have  gone  I  set  down  the 
results.     (Diagram  2.)     It  will  be  seen  that  with 


Diagram  II. — Screen  Aperture  and  Tonnages. 

screening  finer  than  35  mesh  a  rapid  drop  in 
tonnage — due  no  doubt  as  above  mentioned  to 
the  difficulties  attendant  on  fine  stamping — -must 
take  place,  and  with  screening  coarser  than  16 
mesh  the  line  begins  to  flatten  out  ;  a  better  and 
more  powerful  water  feed,  to  effect  a  quicker 
removal  of  the  crushed  material  from  the  dies 
and  to  lift  the  large  particles  to  the  screen,  also 
the  use  of  a  lower  discharge,  might  yield 
improved  results. 

I  have  heard  of  some  experiments  being  con- 
ducted on  the  Rand  some  years  back  with 
screens  of  "02  in.,  "0  i  in.,  "06  in.  and  "08  in. 
aperture,  resulting  ia  5,  6"5,  7  and  10  tons 
crushed  ;  were  these  short  trials  on  small 
amounts  involving  cleaning  out  of  the  mortar 
box,  etc.,  or  long  working  runs  such  as  made 
here  1  These  figures  for  the  Rand  give  practic- 
ally a  straight  line  showing  the  maximum 
possible  duty. 

From  the  grading  results  obtained  from  the 
ore,  battery  and   tube   mills,    I   have  sketched  a 
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DIAGRAM  III. — Cumulative  Percentage  Curves  for  Stamps  and  Tube  Mills. 
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Diagram  IV.— Elutriated  Slimes  Assays.     Series  A.  C.  D.  E. 

Series  A. — The  alkalinity  of  the  water  was  about  0*006%  CaO. 
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cumulative  curve  which  shows  very  clearly  what 
a  small  part  the  tube  mill  plays  in  the  reduction 
of  the  ore.  The  edge  hatching  is  the  boundary 
of  the  stamp  diagram  of  work,  the  vertically 
hatched  portion  is  the  tube  milling  diagrams,  the 
dotted  figure  is  a  diagram  of  work  done  on 
classified  pulp  in  one  passage  through  the  tube 
mills.     (Diagram  3,  see  preceding  page.) 

I  had  noticed  that  the  very  fine  slimes  passing 
out  of  an  old  slimes  pit,  owing  to  lack  of  lime  in 
the  water  for  proper  settlement,  assayed  consider- 
ably lower  than  the  average  daily  slimes  assays  : 
this  led  me  to  carry  out  a  series  of  elutriation 
tests  on  the  slimes  with  the  hope  of  being 
able  to  separate  a  portion  as  too  poor  for  treat- 
ment, and  thus  save  plant  and  treatment  costs. 
8ome  of  the  results  obtained  are  set  forth  in  the 
Diagrams  4,  5  and  6.  Although  I  did  not  find  a 
sufficient  reduction  in  value  on  our  slimes  to 
enable  me  to  discard  any  of  it,  a  similar  percent- 
age reduction  should  on  many  other  mines  render 
the  slimes  valueless  for  treatment,  so  the  infor- 
mation may  be  of  use  to  some  of  our  members. 
The  diagrams  show  the  value  of  a  continuation  of 
screen  grading  assays   into    the   elutriation  stage 
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DIAGRAM   VI.— Elutriated   Slimes   Assays.     Alkali 
Series. 

All  tests  done  in  duplicate  and  the  mean  of  results 
taken.  Settlement  time  in  every  case  =1,334  sees. 

and  also  convey  some  idea  of  the  very  fine  state 
of  division  of  the  gold  and  silver  in  the  Iiedjang 
Lebong  ore.  The  vessels  used  for  the  experi- 
ments were  white   enamelled  buckets,  300m. m. 
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Diagram  V.  — Elutriated  Slimes  Assays.     Series  B. 

The  alkalinity  of  the  water  was  kept  between  0004  and  0*006%  CaO.      The  last  two  tests  in  the 

series  were  made  on  a  new  sample  of  slimes,  the  original  sample  baring t  with  an  accident 

(946  sees,  and  1,121  sees.).     Each  result  is  the  mean  of  three  tests. 
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dia.  at  the  top  and  225m. m.  at  the  bottom  by 
280m. m.  deep  ;  three  22i  m.m.  plug  holes  were 
made  in  the  side  of  a  bucket,  125m.m.,  175m.m., 
and  215m. m.  to  the  bottom  of  the  holes  as 
measured  from  the  top  of  the  bucket.  At  first 
separations  were  done  using  the  bottom  plug 
hole,  but  from  fear  of  drawing  out  some  of  the 
settled  product  by  suction,  all  separations  now 
finish  with  the  middle  hole.  The  following  table 
(Table  2)  gives  the  sizes  and  settlement  times  for 
free  settling  particles   of    quartz,   according    to 


Prof.  K.  H.  Richards.  The  times  given  are  for 
fresh  water,  but  in  these  tests  there  was  always 
a  little  lime  present  to  correspond  to  working 
settlement  conditions.  One  and  a  half  litres  of 
thick  slimes  pulp  was  taken  for  each  test,  the 
bucket  filled  with  water,  the  contents  mixed 
well,  then  allowed  to  settle  and  the  plugs  drawn 
at  the  stated  times.  The  filling  up  with  water, 
mixing,  settling  and  decanting  was  repeated  five 
times  for  each  test.  The  total  decantations  were 
then  perfectly    settled,    the    supernatent    water 


Table  I. — Stamp  and  Tube  Mill  Efficiencies. 
January  to  June,  1908. 
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271 
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444 
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3  00 
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48  stamp  samples 


16 
20 
35 
16 
16 
16 
20 
20 
16 
20 
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271 
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Tons 
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Stamp. 
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H.P. 
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4-00 
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4-00 

325 

4-00 

373 

3-70 

325 

370 

373 

4  00 

299 

370 
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July  to  December,  1908. 
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8ainls  separators  between  battery  and  tube  mills  are  of  insurlioient  capacity. 

Table  II.—  Sizes  and  Settlement  Times  for  Free  Settling  Particles  of  Quartz. 


Diameter  of  Quartz  Particles. 

Settling 
Velocity  mm. 
per  Second. 

Settling 
Velocity  in 
Seconds  tor 

175  mm. 

Diameter  of  Quartz  Particles. 

Settling 
Velocity  mm. 
per  Second. 

-  fctling 
\  elocity  in 

in  Millimeters. 

in  Inches. 

in  Millimeters. 

in  Inches. 

Seconds  for 
175  mm. 
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0  003 

3  6 
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0-00075 
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98-4 
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•0319 
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■746 
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•352 
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drawn  off,  and  the  sample  dried,  weighed  and 
assayed  :  this  gave  the  percentage  and  value  of 
the  elutriated  slimes,  after  drying  and  weighing 
the  remainder  in  the  bucket.  The  experiments 
were  made  on  different  samples  of  slimes,  as  it 
was  thought  that  some  change  in  the  nature  of 
the  slimes  might  take  place  by  standing  for  a 
time  in  the  alkaline  wTater  due  to  the  lime  added 
at  the  battery.  The  quantities  of  slimes  elutri- 
ated and  the  assay  values  varied  somewhat,  as 
will  be  observed  in  the  diagrams  ;  this  I  believe 
to  be  due  to  differences  in  the  slimes  tested,  but 
we  may  say  generally  that  the  first  elutriations 
show  a  slight  concentration  of  gold  and  silver  (as 
might  be  expected  owing  to  specific  gravity 
in  the  case  of  pyrites  and  quartz  carrying  gold  and 
silver),  then  follows  a  regular  curve  of  decreasing 
values  until  we  reach  a  point  shewing  approxi- 
mately that  10%  of  the  slimes  assaying  only  20% 
of  the  original  gold  value  and  36%  of  the  original 
silver  value,  might  be  separated.  Such  a  separa- 
tion might  be  made  in  well  designed  pyramidal 
slimes  spitzkasten.  In  conjunction  with  the  above 
tests,  I  also  tried  the  effect  of  working  with  a 
fixed  time  and  varying  amounts  of  lime  in  the 
water. 

I  would  take  this  opportunity  to  correct  the 
following  misprints  which  appeared  in  my  paper 
as  published: — Page  188,  line  8,  the  gradings 
should  read  +  100  +  150  +  200,  sands— 200  and 
elutriated  slimes  ;  line  13,  read  (Greening's  SWG 
brass  wire  screening) ;  page  190,  table  of  sands 
grading  samples,  under  "  General  Sample,''  the 
silver  should  be  29'8  dwts.,  and  the  percentage 
silver  extraction  738.  The  dates  for  the  slimes 
grading  samples  on  the  same  page  should  be 
June  1 — 15  and  16 — 30. 

STOPE  MEASUREMENTS. 


(Read  at  May   Meetiny,   1909.) 
By  Otto  S.  Tonnesen  (Member). 

discussion. 

Dr.  J.  Moir  (Vice-President)  :  I  criticised  the 
author's  treatment  of  the  sag  of  the  measuring 
tape,  and  Mr.  Coaton  now  defends  the  author 
by  saying  that  the  approximation  gives  good 
results.  My  point  was  that  an  approximation 
should  never  masquerade  as  truth,  unless  it  is 
specifically  stated  to  be  an  approximation. 

Mr.  Tom  Johnson  {Member)  :  There  are  some 
statements  in  Mr.  Tonnesen's  paper  that  sin  mid 
not  lie  allowed  to  pass  without  being  challenged. 
I   have   waited,    expecting   that    some    <>f    our 

surveyors  would   get  around  and  cause  a    good 
discussion.       It     is    no    use     their     saying    the 


statements  do  not  need  troubling  about,  as 
people  know  that  is  nonsense.  Our  proceedings 
are  noted  all  over  the  world,  and  I  do  not  think 
that  the  statement  or  inference  that  fathomage 
cannot  be  measured  correctly  by  our  present 
methods  should  be  allowed  to  go  forth  without 
challenge,  for  notwithstanding  what  Mr.  Ton- 
neson  has  said,  I  do  not  think  that  there  is 
any  reason  whatever  for  much  error  in  present 
methods  of  measuring  if  competent  men  are  em- 
ployed to  do  the  work.  I  know  I  have  met  many 
surveyors  and  none  of  them  would  be  guilty  of 
the  slovenly  work  necessary  to  cause  the  draw- 
backs to  the  several  methods  in  use  at  present  as 
pointed  out  by  the  author. 

As  Mr.  Tonnesen  truly  says  there  are  many 
miners  who  are  very  suspicious  of  stope  measure- 
ments. "  I  have  known  them  suspicious  of  drive 
measurements,  and  would  not  go  to  the  expense 
or  trouble  to  run  a  tape  over  their  work,"  and  for 
that  reason  the  author  should  have  been  more 
guarded  in  his  statements. 

The  stereometer  may,  no  doubt,  make  stope 
surveying  easier  work,  but  that  is  no  reason  to 
imply  that  stopes  cannot  be  measured  properly 
by  present  methods,  or  that  surveyors  cannot 
place  reliance  on  their  work.  Many  miners  on 
reading  the  paper  would  naturally  come  to  the 
conclusion  that  the  rumours  of  mismeasurement 
are  correct,  and  for  that  reason  exaggeration 
should  have  been  kept  down. 

On  the  night  this  paper  was  read  one  of  our 
members  instanced  a  case  of  his  own.  If  he  is 
correctly  reported  the  manager  asked  him  if  he 
could  recognise  his  stope  on  paper  if  he  saw  it. 
He  said  as  soon  as  he  saw  it  he  knew  he  could 
draw  a  better  plan  with  his  eyes  shut;  where  he 
had  a  1  2  ft.  to  14  ft.  box-hole  there  was  only  a 
6  ft.  box-hole  shown  on  plan,  and  the  drive  pillars 
were  shown  as  6  ft.  where  they  ought  to  have 
shown  16  ft.  Now  there  is  a  peculiarity  about 
that  plan  that  I  would  give  all  of  a  penny  to  see. 
To  be  able  to  show  a  box-hole  as  only  ii  ft.  in 
a  16  ft.  rib  is  quite  an  accomplishment,  I  should 
say,  either  with  eyes  open  or  shut. 

My  friend,  Mr.  Saner,  mentioned  that  when  he 
was  a  surveyor,  he  had  to  make  himself  scarce 
for  two  or  three  days  after  the  end  of  the  month. 
Why,  had  he  no  faith  Or  reliance  in  his  work  I  This 
accusation  of  using  bad  methods  is  up  against 
him  as  well  as  others.  Bad  he  no  words  of  defence 
or  does  be  agree  \\  ith  Mr.  Tonnesen  I 

Stope  measurement  by  theodolite  is  rather 
troublesome  no  doubt,  but  there  is  DO  need  for 
greater  errors  than  the  Hunt.  As  Mr.  Coaton 
points  "ut,  a  little  brains  help  to  smooth  things. 

Tape  triangulation,  sag,  errors  of  long  offsets, 
these  Mr.  Coaton  has  dealt  with.     Fie  points  out 

that     the    triangulation     should    be    carried     on 
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independently  of  the  drive  pegs.  Once  the  base 
line  is  carried  through  the  winze  there  is  no 
further  need  of  drive  pegs.  This  saves  trouble,  as 
then  the  incline  distance  in  crossing  faults, 
changes  of  dip,  etc.,  do  not  worry  the  surveyor  in 
plotting  as  the  distances  are  laid  on  the  flat  on 
the  one  sheet  of  paper.  Fig.  7  in  the  paper 
would  not  need  plotting  in  three  main  sections, 
it  would  simply  be  laid  out  flat.  As-  to  sag, 
many  surveyors  tie  themselves  to  base  lines  of  no 
more  than  100  ft.  I  have  not  met  a  surveyor 
who  would  dream  of  using  a  base  of  312  ft. 
under  the  conditions  shown  in  Fig.  1.  The 
offsets  shown  in  Fig.  4  in  the  paper  are  extreme, 
the  shortest  distance  will  surely  come  nearer  than 
there  shown. 

Mr.  Tonnesen  does  not  like  the  stretched 
strings  and  German  dial  and  Mr.  Coaton  agrees 
with  him.  Did  either  of  them  think  of  how  the 
idea  of  stretched  strings  could  be  used  in  stope 
measurement  ?  If  tapes,  with  say  two  feet  of  thin 
wire  at  the  outer  end,  were  used  the  angle 
between  tapes  could  be  measured  with  a  large 
protractor.  I  have  used  the  method  at  times  for 
setting  off  winzes  and  raises. 

THE    INFLUENCE    OF    MOIST    AIR    ON 
QUICKLIME. 


{Read  at  May  Meeting,  1909.) 


By  Jas.  Gray,  F.I.C.  (Member). 


DISCUSSION. 

Dr.  J.  Moir  (Vice-President)  :  The  President 
hauls  me  over  the  coals  for  saying,  as  he  puts  it, 
that  "  members  willingly  withhold  fair  criticism 
on  papers,"  and  in  so  doing  states  that  discussion 
on  this  paper  in  open  meeting  had  not  been 
hitherto  possible.  Seeing  that  this  is  the  last 
meeting  for  discussion  this  assertion  seems  due 
to  oversight,  for,  though  absent  I  have  been 
assured  that  there  have  been  meetings  at  which 
the  whole  agenda  was  gone  through  by  9.30.*  As 
for  the  main  question,  I  have  to  say  that  if  the 
President's  description  of  the  procedure  on  the 
mines  is  correct,  then  I  am  in  the  wrong ;  but  I 
venture  to  submit  that  the  procedure  he  describes 
is  not  the  rule  but  the  exception.  Unless  the 
lime  is  paid  for  by  weight  received  by  the  mines 
(not  that  despatched  from  the  works),  the  burners 
are  cheating  themselves.  I  have  no  doubt  what- 
ever on  the  other  hand  that  what  members  say 
about  the  burners  having  other  means  for  equalis- 
ing matters  is  quite  true  ;  but,  as  I  say,  the  only 
way  of  being  fair  to  both  sides  is  to  weigh  lime 
on  receipt. 

*  Dr  Moir  bus  been  incorrectly  informed. — Ed.  Com. 


Messrs.  K.  L.  Graham  (Member  of  Council) 
and  R.  Lindsay  (Member)  :  The  author's  paper 
raises  several  points  about  which  considerable 
divergence  of  opinion  exists  amongst  those  who 
control  its  use  on  our  mines.  Attempts  have 
been  made  to  standardize  a  method  of  testing  the 
quality  of  the  lime  supplied  which  could  be 
carried  out  in  the  reduction  works,  but  none  that 
we  know  of  have  proved  satisfactory.  The  form 
of  argument  usually  adopted  by  the  lime  burners 
or  their  agents  is  to  produce  a  certificate  showing 
a  full  analysis  of  their  lime  or  the  total  CaO  by 
the  sugar  test.  These  results  are  often  economic- 
ally misleading,  when  the  manner  in  which  the 
lime  is  used  in  practice  is  considered,  the  per- 
centage of  caustic  lime  available  depending  on 
such  factors  as  its  state  of  division  and  the  point 
in  the  cycle  of  operations  at  which  it  is  fed.  It 
appears  to  us  therefore  that  the  only  useful  test 
would  be  one  in  which  working  conditions  were 
simulated  as  nearly  as  possible.  An  attempt  is 
made  to  do  this  in  the  following  method,  which 
has  nothing  novel  about  it  (see  E.  H.  Croghan's 
paper  in  Journal  for  August,  1907),  and  can  be 
carried  out  by  anyone  with  ordinary  intelligence 
within  an  hour  of  the  time  of  taking  the  sample. 
Five  bags  of  tne  lime  are  taken  at  random  from 
the  truck  as  received,  the  bags  being  weighed  as 
a  check  on  the  consignees.  The  contents  are 
dumped  on  to  a  sampling  floor  and  quartered 
down  till  the  sample  is  about  two  or  three 
pounds  in  weight.  From  this  two  or  three 
samples  of  1  gm.  each  are  weighed  off,  each  gm. 
being  shaken  in  a  litre  of  distilled  water  (in  a 
bottle  of  about  two  litres  capacity  to  allow  proper 
agitation)  for  one  minute,  after  which  the 
undissolved  matter  is  allowed  to  settle  for  15 
mins.  50  cc.  are  drawn  off  with  a  pipette,  and 
the  alkalinity  as  CaO  determined  with  oxalic 
acid.  The  sample  is  again  shaken  for  one  minute 
and  settled  again  for  15  mins.,  when  another 
50  cc.  are  drawn  off  and  tested.  The  sample  is 
shaken  again  in  the  same  way  and  a  third  test 
made.  The  lime  sample  is  also  graded  through 
sieves  of  100  and  200  meshes  to  the  linear  inch, 
and  where  a  sliding  scale  of  payment  is  arranged 
on  a  basis  of  this  test,  the  balance  of  the  sample 
should  be  placed  in  a  stoppered  bottle  to  be  kept 
for  reference  till  the  accounts  are  settled. 

Before  proceeding  further  let  us  refer  you  to 
Mr.  Gray's  remarks.  He,  after  drawing  your 
attention  to  the  rapid  deterioration  of  quicklime 
when  exposed  even  for  a  few  days  to  the  weather, 
proceeds  to  suggest  remedies.  The  first  of  these 
only  appears  to  us  either  practicable  or  feasible,, 
but  as  it  solves  the  problem  no  others  are 
necessary.  He  sajs,  "all  lime  should  be  slaked 
before  being  despatched  to  the  mines."  In  this 
we  cordially  agree  with  him.      The  fact  that  you 
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handle  and  pay  for  32%  of  water  is  more  than 
counterbalanced  by  the  advantages  derived  from 
using  lime  in  a  very  fine  state  of  division,  and 
therefore  in  the  most  suitable  condition  for  our 
purpose,  a  condition  which,  when  dealing  with 
quicklime,  could  only  be  arrived  at  after  a  con- 
siderable outlay  for  power  and  labour.  For  those 
and  other  reasons  nothing  but  slaked  lime  has 
been  used  at  the  Geldenhuis  Deep  "Works  for 
over  four  years. 

In  June,  1905,  a  series  of  experiments  were 
conducted  here  with  the  object  of  comparing  the 
results  obtained  from  blue  and  white  limes  under 
certain  clearly  defined  conditions,  which  were 
these  : — At  that  time  all  the  lime  was  fed  auto- 
matically into  the  main  slime  pulp  launder  at  a 
point  immediately  beyond  the  return  opitzkasten, 
the  common  practice  in  those  days,  baffles  being 
fitted  to  agitate  the  pulp  in  transit.  The  time 
available  for  its  solution,  that  is,  between  the 
point  at  which  it  was  fed  and  the  delivery  from 
the  launder  into  the  slimes  settling  tank  being 
about  one  minute.  It  must  be  borne  in  mind 
that  our  interest  finished  with  the  percentage  of 
alkalinity  in  the  slime  pulp  at  the  point  of  inflow 
to  the  settlers,  it  being  necessary  to  maintain 
this  at  a  certain  figure  for  coagulation  purposes. 
Any  lime  undissolved  on  reaching  these  tanks 
settled  and  was  quickly  covered  by  the  slimes, 
becoming  unavailable  for  this  purpose.  To  arrive 
at  the  lime  dissolved  in  the  one   minute  period 

previously    described,    thus 
conditions    as    nearly    as 

shows   the  results  of  three 


we    used    the 
simulating 
possible.      Table  A 
representative  tests. 


test 
working 


A." 


63/- 
per  ton 
White 
Slaked, 
%CaO. 

40/- 
per  ton 

Blue 
Slaked, 

per  ton 

White 

Slaked, 

CaO. 

1  gr.  shaken  in  a  litre  of 
distilled  water   for    1 
min. 

After  shaking  for  1  hour 

15 

42 

14 
20 

14 

36 

Gradinos  in    amove  Limes. 
"  B." 


From  table  "A"  it  will  be  seen  that  when 
working  under  the  conditions  described  the  time 
available  for  the  solution  of  the  lime  being 
limited    to  one    minute,   the   blue   lime    was  the 


cheapest,  being  equally  as  efficient  for  our 
purpose.  On  plants  where  part  or  whole  of  the 
lime  is  added  in  the  mill  a  higher  solubility 
would  naturally  be  expected,  but  anything  like 
the  total  CaO  is  not  obtained.  With  a  lime 
showing  52%  available  CaO,  and  using  a  600 
screen  in  the  mill,  only  30"7%  of  this  available 
lime  (or  16%  on  the  weight  of  the  sample)  was 
obtained  according  to  the  alkalinity  of  the  slime 
pulp  entering  the  collectors,  and  with  the  coarser 
screens  now  in  use  even  this  low  percentage  will 
not  be  obtained,  as  almost  all  the  coarse  particles 
will  pass  through  easily,  and,  as  is  well  known, 
these  coarse  particles  dissolve  but  slowly  under 
the  most  favourable  conditions.  Only  the  very 
coarse  particles  are  separated  out  from  the  mill 
pulp  by  the  spitzlutten,  and  consequently  a 
tolerably  small  percentage  of  the  lime  fed  in  the 
mill  gets  ground  in  the  tube  mills.  Without 
making  any  attempt  to  belittle  the  value  of  a  full 
analysis  of  any  lime,  it  may  be  pointed  out  that 
the  figures  derived  from  it  are  really  not  of  so 
much  guidance  to  the  consumers  here  as  would 
seem  at  first  glance,  but  what  is  really  of  service 
is  any  method  which  will  give  us  the  percentage 
of  CaO  we  are  likely  to  dissolve  out  under 
working  conditions,  and  the  sample  tested  in  this 
way  and  giving  the  highest  percentage  of 
alkalinity  to  the  slime  pulp  in  the  limited  period 
of  time,  taken  together  with  the  price,  should 
enable  us  to  decide  which  lime  to  buy  for  our 
purpose. 

RESEARCHES  UPON  THE  TELLURIDE 

GOLD  ORES  OF  CRIPPLE  CREEK 

(COLORADO). 


(Rend  nt  Ma//   Meeting,  1909.) 


By  the  Portland  Metallurgical  Society 
(edited  by  Thos.  B.  Crowe). 

discussion. 

Mr.  Thos.  B.  Stevens  (Associate) :  Some 
few  years  ago  I  did  a  large  amount  of  experi- 
mental work  on  the  treatment  of  low  grade 
('ripple  Creek  telluride  ores  by  cyanidation  un* 
roasted.  I  have  therefor?  read  the  paper  of  the 
Portland  Metallurgical  Society  with  very  greal 
interest. 

On  referring  to  one  of  my  old  note  books,  I 
find  a  record  of  some  experiments  made  in 
London  in  1903,  on  ore  from  the  Ninth  Boulder 
Mine,  Kalgoorlie,  in  which  ammonium  persul- 
phate was  used  as  an  accelerator  to  the  ordinary 
alkaline  cyanide  solution.  The  results,  using 
•1%  of  ammonium  persulphate  and  "_'  of  potas- 
sium cyanide  on    1   oz.  ore  showed  an  increased 
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extraction  of  1  dwt.  compared  with  ordinary 
straight  cyanide  agitation,  but  the  extraction 
even  then  amounted  to  only  50%.  The  addition 
of  iodide  was  not  thought  of,  and  as  other  work 
was  pressing  at  the  time,  the  experiments  were 
not  continued  further. 

The  subject  of  "  oxidising  accelerators "  has 
always  been  a  very  much  debated  and  also 
patented  one,  and  it  is  a  remarkable  fact  that  on 
a  working  scale  cyanogen  bromide  is  the  only  one 
which  has  stood  the  test  of  time,  and  even  this  con- 
tinues to  be  used  in  one  place  only,  viz.,  Kalgoorlie. 

I  should  like  to  ask  the  authors  if  they 
have  made  any  conqmrative  experiments  using 
bromo-cyanide  against  potassium  cyanide  and 
persulphate,  and  if  so  does  the  latter  method 
give  a  very  much  better  extraction  of  the  gold  1 
for  I  consider  that  the  bromo-cyanide  treatment 
would  be  considerably  cheaper  in  operation.  In 
comparing  the  two  processes  we  are  at  once 
confronted  with  two  questions  ;  firstly,  does  it 
get  out  more  gold  1  secondly,  is  it  cheaper  ? 

Viewed  from  a  chemical  standpoint  only,  it 
seems  probable  that  cyanogen  iodide  would  be 
more  efficient  than  cyanogen  bromide,  as  the 
action  of  the  iodide  would  be  the  slower  and, 
therefore,  more  prolonged.  Tbe  bromide  is  found 
to  be  entirely  decomposed  three  hours  after  it 
has  been  added  to  the  ore  pulp,  and  it  is  for  this 
reason  that  high  grade  charges  have  often  to  be 
recharged  with  the  "  bromo  "  in  order  to  obtain 
low  tailings.  I  have  also  experimented  with 
cyanogen  chloride,  and  found  the  decomposition 
to  be  so  rapid  as  to  give  no  increased  solution  of 
the  gold. 

The  cost  of  chemicals  for  bromo-cyanide  treat- 
ment at  Kalgoorlie  has  always  been  one  great 
disadvantage  of  an  otherwise  successful  process. 
As  I  have  said  previously,  I  think  that  the 
substitution  of  iodide  and  persulphate  would 
considerably  add  to  the  cost.  Potassium  iodide 
is  a  very  expensive  salt,  and  I  consider  it  is 
unsafe  to  assume  that  it  would  remain  in  the 
solutions  and  be  used  over  and  over  again  with 
practically  no  loss.  There  is  a  possibility  of  loss 
by  precipitation  into  the  residues  as  insoluble 
iodide;  there  might  be  considerable  loss  by 
volatilisation  of  cyanogen  iodide  (there  is  with 
bromo),  and  there  must  always  be  loss  owing  to 
the  accumulation  of  weak  solution,  even  if  filter 
presses  or  vacuum  filters  are  employed  ;  I  think 
we  may  regard  decantation  out  of  the  question 
where  such  expensive  chemicals  are  used.  The 
present  average  charge  of  bromo-cyanide  in  use 
at  Kalgoorlie  is  "5  lb.  and  some  low  grade  mines 
(say,  under  8  dwt.)  use  as  little  as  "2  lb.  Bromo 
salts  cost  Is.  lid.  lb.,  so  that  the  loss  of  iodine 
would  have  to  be  exceedingly  small  indeed  to 
enable  it  to  compete  in  cost  with  bromide. 


Probably  some  of  the  authors  have  experimented 
with  bromide  instead  of  iodide  together  with 
persulphate  and  cyanide.  I  am  afraid  that 
hypo-bromite,  instead  of  hypo-iodite,  is  not 
likely  to  be  formed,  thus  preventing  another 
possible  process,  but  if  the  experiment  has  not 
been  made  it  would  be  well  worth  trying. 

My  own  experiments  with  Cripple  Creek  ores 
showed  that  a  good  extraction  could  be  obtained 
by  bromo-cyanide  treatment,  fine  grinding  being 
a  sine  qua  non.  At  Kalgoorlie  it  is  found  most 
economical  to  take  out  the  pyritic  portion  of  the 
ore  by  concentration,  and  treat  it  separately  by 
roasting  and  cyaniding  ;  otherwise  in  treating 
this  very  refractory  material  together  with  the 
bulk  of  the  ore,  the  cost  for  bromine  salts,  to  get 
a  good  extraction,  is  found  to  be  excessive. 
With  Cripple  Creek  ores  I  found  this  also  to  be 
the  case,  and,  in  this  latter  district,  I  believe 
that  the  small  amount  of  high  grade  concentrate 
could  be  more  profitably  shipped  to  the  smelters 
instead  of  treating  it  at  the  mine. 

In  concluding  these  few  remarks,  which  I  trust 
may  give  some  small  help  towards  solving  this 
interesting  problem,  I  should  like  to  thank  the 
Portland  Metallurgical  Society,  on  behalf  of  our 
Western  Australian  members,  for  giving  us  the 
benefit  of  their  research  on  a  subject  of  such 
common  interest. 

The  meeting  then  closed. 

(A  .paper  submitted  to  the  Institution  of  Mining 
and  Metallurgy,  London,  and  to  be  discussed 
simultaneously  by  the  members' of  the  Institu- 
tion and  this  Society.  Reprinted  from  the 
Bulletin  of  the  I.M.M.,  August  12,  1909.) 

THE  DEVELOPMENT  OF  HEAVY  GRAVI- 
TATION STAMPS. 


By  W.  A.  Caldecott  (Member). 

The  history  of  ore  crushing  by  means  of 
gravitation  stamps  shows  a  progressive  increase 
in  their  weight  and  in  corresponding  efficiency. 
This  holdsgood  in  the  development  from  thesquare 
wooden  non-rotating  stamps  in  use  in  Germany  in 
the  Middle  Ages*  to  iron-shod  wooden  stamps  in 
Cornwall,  and  then  to  rotary  iron  stamps  in 
California  and  mild  steel  stamps  in  South  Africa. 
The  latter  have  greatly  improved  during  the  last 
few  years,  and  probably  represent  the  highest 
existing  stage  of  development.  About  1835, 
the  first  stamp  mill  in  the  United  States  was 
started  at  Tellurium,  Virginia,  f  The  stamps 
weighed  50  lb.,  and  were  made  of  square  wooden 

*See  Remarks  by  Bennett  H.  Brough,  Proc.  Inst,  of  Civil 
Eii'i.,  vol.  cviii.  (ls:ij»,  during  discussion  upon  paper  by  A.  H. 
Curtis  on  "Gold  Quartz  Reduction." 

f  Sue  Crane's  "Gold  and  Silver,"  p.  473  el  seq. 
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stems  with  iron  shoes  and  dies,   the  cams  operat- 
ing in  slots  in  the  stems. 

Ten  years  later  the  Vaucluse  Mine  installed 
380-lb.  stamps,  of  which  the  head  weighed  125 
lb.  When  the  first  batteries  were  erected  on  the 
Rand  over  20  years  ago,  Californian  practice 
probably  represented  the  highest  state  of  the  art, 
and  was  introduced  upon  these  fields  by  J.  S. 
Curtis,  J.  H.  Hammond  and  other  well-known 
Californian  mining  engineers. 

To  illustrate  the  type  of  battery  in  operation 
on  the  Rand  in  1889,  in  which  year  the  writer's 
experience  of  stamp-milling  began,  the  following 
details  may  be,  given  of  the  Du  Preez  Gold  Min- 
ing Company's  mill,  premising  that  this  was 
before  the  introduction  of  the  cyanide  process, 
and  that  concentrators,  other  than  blanket- 
strakes  and  buddies,  were  not  in  common  use. 

The  mill  was  erected  in  that  year,  and  was  of 
Sandycroft  make,  designed  in  accordance  with 
ths  best  Californian  practice  to  date.  It  con- 
sisted of  20  stamps  weighing  900  lb.  each  when 
new,  and  was  run  at  the  rate  of  90  7-in.  drops 
per  minute.  The  stamp  duty  was  about  3  tons 
per  24  hours,  using  a  screen  of  900  meshes  per 
sq.  in. 

By  1899  some  progress  had  been  made  and 
1, 250-lb.  stamps  were  in  use  at  the  Robinson 
Gold  Mining  Company  and  elsewhere,  though 
in  Australia  and  the  United  States  900  lb.  per 
stamp  remained  the  almost  universal  maximum 
limit,  and  this  remains  true  of  the  celebrated 
Homestake  mills  at  the  present  time.  At  the 
Mount  Morgan  Gold  Mining  Co.  (Westralia),  in 
December,  1902,  30  stamps  weighing  1,500  lb. 
each  were  erected.  These  were  eclipsed,  how- 
ever, by  the  neighbouring  Millionaire  Gold 
Mining  Company's  battery  of  five  stamps  weigh 
ing  1,750  lb.  each.*  The  advance  made  on  these 
small  companies  was  not  generally  realised,  and 
in  1907  few  stamps  dropping  on  the  Witwaters- 
rand  weighed  above  1,250  lb.,  with  the  exception 
of  certain  batteries  of  Consolidated  Goldtields 
companies,  as  will  be  noted  later. 

In  1904,  the  author  was  authorised  by  Mr.  1!.M. 
Catlin,  Acting  Consulting  Engineer  of  the  Consoli- 
dated Goldfields,  to  carry  out  a  series  of  milling 
tests  at  the  Knights  Deep  battery,  which  was 
equipped  with  stamps  weighing  1,350  lb.  when 
new.  The  object  of  the  trials  was  to  discover 
some  means  whereby  stamp-milling  efficiency 
could  be  increased. 

The  initial  experiments  were    made  to  test  the 

effect  of   tine  breaking  before  stamp-milling,  and 

also  whether  the  increased  discharge  area  afforded 

by  a  double  discharge   mortar-box  increased  the 

stamp   duty.       A  pair    of   rolls   was    installed   to 

*  See  Special  Edition  ol  Australian  Minimi  Standard,  Decem- 
ber 8th,  I'.mu  ;  also  Journal  of  Chemical,  Metallurgical  and  Min- 
ing Society  of  South  Africa,  vol.  \ii.,  September,  1905,  p.  92. 


effect  the  preliminary  fine  breaking,  and  also  a 
double  discharge  mortar-box.  A  staff  of  men 
was  specially  employed  to  carry  out  the  trials, 
and  most  complete  and  detailed  racords  were 
kept. 

The  tests  extended  over  more  than  a  year,  and 
a  considerable  amount  of  money  was  expended  in 
testing  many  variations  of  conditions,  such  as 
varied  angles  of  screen  frames,  heights  of  dis- 
charge and  of  drop,  and  different  methods  of 
water  introduction  into  the  upper  portion  of  the 
mortar-box. 

The  following  statement  illustrates  some  of 
the  many  experimental  runs  : — 


(A) 

(B) 

(C) 

Single  Dis- 

Single  l>is- 

Double 

charge 

charge 

Discharge 

Mortar. 

Mortar.   Ore 

Mortar. 

I  >rdiiiar\ 

from    Rolls 

Ordinary 

.Mill 

set  0*5  in. 

Mill  ' 

Feed. 

apart. 

Feed. 

Running   Weight 

of  Stamp 

1,3431b. 

1,3421b. 

1.3.16  1b. 

Set      Height     of 

Drop  ... 

f  1    • 
lr>  in. 

7|in. 

~ih  in. 

Drops  per  minute 

98 

98 

98 

Duty   per  Stamp 

per  24  working 

hours  ... 

5 "85  tons. 

5*68    tons 

5 '81  tons. 

Height    of     Dis- 

charge 

2:]  in. 

Level 

3|  in. 

Screen   used  and 

700 

700 

700 

Aperture 

(•024  in.) 

(■024   in.) 

(-024  in.) 

Ratio    of    Water 

to        Ore        by 

Weight 

7-67  to  1 

8-35  to   1 

1070  to  1 

Percentage  of    4- 

60      (0-01     in.) 

grade   in  screen 

pulp 

29-00% 

27-50  ' 

26-00% 

Ore  Feed+  11  in. 

54-8 

1-1 

49-9 

-if   + 

fin. 

14-3 

19-3 

16-3 

-    f  in. 

309 

79-G     ■ 

33-8 

The  results  of  the  above  typical  trials  with  a 
double  discharge  mortar-box  and  with  tine 
breaking  before  stamp-milling  are  almost  identical 
within  the  limits  of  experimental  error. 

The  above  conclusions  were  confirmed  by  the 
fact  that  the  average  stamp  duty  on  ordinary 
mill-feed  for  six  pairs  of  parallel  trials  was  5  B2 
tons  with  a  double  discharge  mortar,  and  5*82 
t"ns  with  a  single  discharge  mortar. 

The  average  stamp  duty  for  four  pairs  of 
parallel  trials  on  the  product  from  rolls  set  \  in. 
apart  was  5'64  tons  with  double  discharge 
mortar,  and  5'78  with  a  single  discharge  mortar. 
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There  was  no  increased  duty  to  compensate  for 
the  extra  cost  of  preliminary  fine  breaking*  and 
the  only  difference  with  the  double  discharge 
mortar-box  was  a  considerable  increase  in  the 
amount  of  water  used. 

This  last  conclusion  is  in  accordance  with  the 
fact  that  the  ordinary  single  battery  screen  has 
about  40%  of  its  area  available  for  discharge,  or, 
say,  1^  sq.  ft.  of  discharge  area  for  the  small 
stream  of  pulp  yielded  by  five  stamps.!  It  will 
be  observed  that  in  trial  (B)  many  flat  pieces  of 
ore  which  had  passed  the  rolls  set  h  in.  apart  yet 
remained  on  a  coarser  screen  used  in  the  grading 
analysis. 

Finally  it  became  obvious  that  to  crush  more 
rock  it  was  necessary  to  strike  a  heavier  blow. 
This  was  sought  by  affixing  helical  springs  round 
the  stem  above  the  tappet  so  as  to  be  compressed 
by  the  upper  guide  during  the  stamp's  rise,  and 
so  that  when  released  the  stamp  would  fall  more 
rapidly,  rendering  a  higher  drop  practicable,  and 
would  likewise  strike  harder.  Whilst  this  object 
was  in  some  measure  fulfilled,  the  noise  in  the 
mill  was  much  increased  and  the  life  of  the 
springs  did  not  promise  to  be  long.  Hence, 
finally,  the  conclusion  was  reached  that  a  simple 
increase  of  stamp  weight  was  the  best  course. 

A  series  of  runs  were  then  made,  whereby 
direct  comparisons  could  be  obtained  of  the 
actual  tonnage  milled  by  alteration  in  the  weight 
of  the  stamps.  The  table  following  exemplifies 
the  increased  tonnage  obtained  by  increased 
weight  of  stamp  on  ordinary  mill  feed,  both 
under  ordinary  milling  conditions,  and  with  a 
high  discharge  and  back  water  feed  to  obtain  a 
very  fine  product. 

Another  run  with  1,337  lb.  stamps  having  a 
height  of  discharge  of  2  in.  and  a  64-mesh 
screen  gave  a  duty  of  10#23  tons  per  24  working 
hours,  of  which  52*8%  remained  on  a  60  screen. 
The  water  feed  adopted  in  this  test  consisted  of 
inlets  at  an  angle  of  45°  at  the  back  of  the 
mortar-box,  as  suggested  by  the  late  Mr.  H.  T. 
Pitt.  + 

Encouraged  by  the  results  of  these  and  many 
other  tests,  including  a  duty  of  approximately  6i 
tons  through  1,500-mesh  screening  with  stamps 
weighted  up  to  1,622  lb  ,  the  writer  felt  justified 
in  recommending  that  the  next  360  stamps 
erected  by  Consolidated  Goldfields  Companies, 
namely,  at  the  Simmer  East,  Robinson  Deep  and 
Luipaards  Vlei,  should  have  a  weight  of  1,550 
lb.  each  when  new.£ 

*  See  also  Journal  of  Chemical,  Metallurgical  and  Mining 
Society  of  South  Africa,  vol.  vi,  Jan.,  1906,  p.  215. 

t  See  Lock's  "Gold  Mining,"  p.  79. 
_    J  See  Trans.   Institute  Mining  and   Metallurgy,  1904,  vol. 
xiv.,  p.  164;   also  Journal  Chemical,  Metallurgical   and  Minimi 
Society  of  South  Africa,  1908,  vol.  viii.,  p.  374. 

§  See  Annual  Report  of  Consolidated  Goldfields  of  South 
Africa  for  1905,  p.  32  ;  also  Report  for  1906,  p.  27"  and  Report  for 
1907,  p.  28. 


Such  a  departure  excited  much  adverse  com- 
ment among  experienced  millmen  generally,  on 
the  ground  that  no  foundations  could  stand  the 
shocks,  but  the  reasoning  that  if  foundations 
could  be  built  to  endure  the  blow  of  the  colossal 
steam  stamps,  it  would  be  possible  for  them  to 
be  built  to  withstand   gravitation   stamps  proved 


dj 

*d 

o 

O 

ic 

— 

Apertures 
per  sq.  in. 
in  screen 

43 

> 

P 
"o 

0} 

S 

Water 
re. 

of  Ore  cms 
amp  per  24 
n»-  hours. 

a 

'~  a 

■ •  i- 

used . 

£  a 

'S 

o 

"S  S.«~ 

2  5 

X 

a 

'53 
X 

Tons 

used 
Ton  o 

%of 

grade 

pulp. 

981  (0-021  in.) 

1196 

8  in. 

3  in. 

5-8 

5-88  22-63 

1279 

5-8 

6-58  22-23 

153! 

5-7 

6-74 

20-86 

1,512 

(0-016  in.) 

121 P 

8  in. 

11  in. 

5  40 

4-26 

516 

1288 

,, 

5-30 

4-29 

4-91 

1293 

5  43 

4-55   9  49 

1337 

6  27 

4-96   6  66 

1562 

,, 

,, 

5  05 

5-17 

— 

))    )) 

1605 

" 

>> 

6-30 

6  02 

11-66 

correct.  All  the  above  mills  are  satisfactorily  at 
work  to-day  after  periods  of  service  ranging  up 
to  three  years,  and  the  foundations  promise  to 
last  as  long  as  did  those  of  their  lighter  predeces- 
sors. 

In  accordance  with  the  present  changed  state 
of  professional  opinion,  all  Rand  batteries  lately 
erected  or  designed  have  stamps  of  a  weight  not 
long  ago  deemed  extravagant,  and  -aided  by  the 
installation  of  tube  mills  stamp  duties  of  8  tons 
are  as  common  as  of  4  tons  but  a  few  }-ears  pre- 
viously. * 

Whilst  in  the  United  States  and  in  Mexico  the 
relatively  light  stamp  is  still  generally  upheld, 
there  is  at  least  one  notable  exception  in  the 
recently  built  mill  of  the  Boston  Consolidated 
Copper  Company,  which  is  equipped  with  312 
single  Xissen  stamps  of  1,500  lb.  weight  each 
and  with  a  9-ton  duty.f 

The  accompanying  diagram,  Fig  1,  illustrates 
a  modern  heavy  gravitation  stamp  with  its 
mortar-box,  as  used  in  the  Simmer  Deep  Jupiter 
joint  mill. 

The  tabular  statement  following  illustrates  the 
results  obtained  on  a  large  scale  under  regular 
working  conditions  by  the  use  of  heavy  stamps, 
and  further  shows  in  the  case  of  the  Simmer 
East  that  whilst  stamps  alone  can  be  used  with  a 

*  See  the  South  African  Mining  Journal,  p.  802,  September 
19th,  I90S:  p.  1,016.  November  14th,  190S  ;  p.  1,100,  December 
5th,  1908;  and  p.  1,348,  February  6th,  1009;  1,860-lb.  stamps  with 
a  12-ton  estimated  stamp  duty  are  to  be  erected  on  the  West  Rand 
Consolidated  property  (South  African  Mining  Review,  p.  232, 
November,  1908. 

t  See  Engineering  and  Minimi  Journal,  14th  September 
1907,  p.  433. 
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Fig.  1. 
Weight  of  Stamp 
Shoe  285  11).  = 
Mead  410  ,,  = 
Stem  723  „  = 
Tappet  252  ,,  = 


New). 

17  066% 
24-551% 
43-293% 
15-090% 


1,670  ,,  =  100-000% 
high  discharge  to  produce  a  fine  product,  yet  the 
later  use  of  tube-mills  as  well  yielded  at  the  same 
total  cost  a  product  with  fewer  coarse  ( +  01  in.) 


particles  and  hence  a  still  more  perfect  exposure 
of  the  gold. 

Somewhat  later  than  the  series  of  battery 
tests  already  described,  the  matter  of  battery 
foundations  was  also  investigated.  It  was 
recognised  that  timber  foundations  were  unsuit- 
able for  heavy  stamps,  their  liability  to  decay 
rendering  them  less  durable  than  the  then 
recently  introduced  cast-iron  anvil  blocks. 
However,  it  had  never  been  practically  proved 
since  the  introduction  of  these  anvil  blocks  that 
they  were  superior  to  concrete  foundations  in 
themselves,  and  that  this  point  might  be  eluci- 
dated the  author  in  1906  had  a  series  of  23 
comparative  trials,  carried  out  on  two  five-stamp 
batteries  side  by  side  in  the  Simmer  East  Mill, 
the  one  with  a  concrete  block  only,  and  the  other 
with  a  cast-iron  anvil  block  as  well — shown  in 
Figs.  2  and  3. 


Mortar  Boa 


Fig.  2.  Fig.  3. 

The  results  of  the  parallel  trials  were  on  the 
average  practically  identical.  These  extended 
from  the  use  of  100-mesh  screening  to  140-mesh, 
and  the  cast-iron  anvil  block  batten  showed  an 
average  stamp  duty  of  6'84  tons  as  against  6*78 
tons  for  the  concrete  block,  the  average  screen 
grading  analysis  of  the  latter  showing,  however, 
only  2500%  of  +  60  (0*01  in.)  grade  as  against 
-U-76%  for  the  cast-iron  anvil  block. 

The  question  of  the  life  of  the  concrete  block 
without  timber  or  a  cast-iron  anvil  block  has 
received  attention  also,  and  one  mortar-box, 
erected  on  Mr.  H.  C.  Behr's  recommendation  at 
the  Simmer  East  mil],  upon  a  concrete  block 
with  only  a  thin  layer  of  insertion  between,  has 
been  in  use  now  for  three  years  with  no  visible 
sign  of  cracking  or  deterioration.  This  has  been 
■so    encouraging  that  at   the  Simmer   Deep  and 

Jupiter  mills  all  the  batteries  have  1 d  erected 

with    the    mortar  bos    resting    on    the   concrete 
blocks. 

Crushing  is  usually  performed  either  by  impact 
or  abrasion,  and  whilst   hard  ores  are  dealt  with 
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Tonnage  Milled  during  Month... 
Number  of  Stamps 
New  Weight  of  Stamps 

Running  Weight  of  Stamps     ... 

Average  Drops  per  minute  and 
Set  Height  of  Drop  ... 

Duty  per  Stamp  per  24  working 
hours ... 

Height  of  Discharge     ... 

Screen  used  and  Aperture 

Ratio  of  Water  to  Ore  by 
Weight  

Percentage  of  +  60  (0*01  in.) 
grade  in  screen  pulp... 

Cost  of  Crushing  per  ton  of 
Ore— 

(a)  Stamps 

(b)  Tube  Mills      ... 

(c)  Total 


LUIPAARDS  VLEI. 


(August,    1908.) 


18,807  tons 

GO 

1,629  lb. 

(with   18 \  ft.  stem) 

1,520  lb. 


98-6  at  81  in. 

9"667  tons. 
4  in. 
200  (056  in.)  and 
250  (046  in.) 


SIMMER   AND  JACK   EAST. 


(May,   1907.) 


8  to  1 

43-7% 


Is.    3-879d. 

6-215d. 

Is.  10-091d. 


35,500   tons 

250 

200  at  1,550  lb. 

50  at  1,350  lb. 

200  at  1,450  lb. 

50  at  1,250  lb. 

\)6  at  6  in. 

5-006  tons. 
9  in.  (average) 
1,600  (-016  in.)  and 
1,200  (-017  in.) 

8  to  1 

10-920/ 


Is.  10-42-kl. 


Is.  10424d. 


(January,  1909.) 


29,600  tons. 

130 

1,550  lb. 

80  at  1,450  lb. 

50  at  1,550  lb.  (with 

compensating  weights) 

96  at  8  in. 

8'333  tons. 
3|  in. 

200  (-057  in.)  and 
400  (-035  in.) 

6-46  to  1 

1-61%  (final  pulp) 


Is.     3-672d. 

7-070d. 

Is.  10742d. 


by  the  former  method,  the  latter  is  applicable  to 
softer  material.  The  relative  efficiency  of  the 
two  methods  for  hard  material  is  well  illustrated 
by  the  case  of  the  diamond,  which  is  hardly 
capable  of  abrasion  at  all  except  by  its  own  dust, 
whereas,  if  placed  on  an  anvil,  it  will  be  shat- 
tered into  a  thousand  fragments  by  one  blow  of 
a  hammer. 

As  has  been  pointed  out  by  C.  de  Kalb,  the 
crushing  of  the  larger  pieces  of  ore  in  stamp 
milling  is  done  as  the  result  of  reaction  from  the 
resilient  die,  the  waves  of  compression  trans- 
mitted through  the  ore  from  the  shoe  being 
reflected  from  the  die,  until  the  strains  set  up 
from  the  oncoming  and  reflected  waves  exceed 
the  elastic  limit  of  the  ore,  and  rupture  results.* 
The  stamp  is  essentially  an  impact  machine,  and 
hence  readily  pulverises  hard  tough  ore. 

Such  ore,  if  handled  in  any  of  the  legion  of 
rubbing  or  shearing  appliances,  would  only  be 
reduced  at  the  expense  of  serious  wear  by  abra- 
sion of  costly  steel  parts  which  may  have  to  be 
discarded  when  but  a  fraction  of  their  weight  has 
been  worn  away.  With  soft  material  the  case  is 
different,  and  machines  of  the  latter  class  may  be 
employed  with  advantage  and  without  undue 
abrasion  of  wearing  faces. 

.  "See  Mines  anil  Minerals,  p.  135,  Oct.,  1906;  O.  H.  Howarth 
in  Mines  and  Minerals,  p.  441,  May,  l0(Ki;  and  Journal  Ghent. 
Met.  a,,.!  l//„.  Sfoc.  o/S.A.,  vol.  vi,  June,  1906,  p.  385. 


It  is  much  to  be  regretted  that  no  satisfactory 
machine  for  testing  the  capacity  of  material  to 
resist  abrasion,  or  conversely  of  testing  the 
abrasive  capacity  of  materials  requiring  reduc- 
tion, yet  exists,  as  this  property  is  of  prime 
importance  in  all  crushing  operations. 

When  gravity  stamps  are  used  for  very  fine 
crushing  they  pass  beyond  the  economic  range, 
and  operate  by  abiasion  rather  than  by  impact, 
with  consequent  reduction  of  efficiency,  as  may 
be  seen  from  the  following  considerations.  Im- 
pact is  essentially  dependent  on  the  pressure 
exerted  by  the  blow,  and  depends  upon  the 
weight  of  the  stamp  and  the  height  of  the  drop. 
Assume  that  a  1,750-lb.  stamp  having  a  9-5-in. 
dia.  shoe  and  with  a  set  height  of  drop  of  8  in. 
strikes  a  layer  of  ore  2  in.  thick  on  the  die,  and 
comes  to  rest  0"5  in.  from  the  die.  Then  having 
fallen  7 "5  in.  and  having  done  work  for  1'5  in., 
it  has  exerted  on  the  ore  a  mean  total  pressure  of 
8,750  lb.  t  The  shoe  having  an  area  of  71  sq. 
in.,  the  average  unit  pressure  exerted  over  the 
whole  of  its  area  is  only  123  lb.  per  sq.  in.,  or 
less  than  that  exerted  by  a  man  of  average 
weight  supported  upon  an  area  of  1  sq.  in. 

The  crushing  effect  of  such  a  pressure  on  hard 
quartz  grains  is  trivial,  and  a  certain  amount  of 
reciprocal  abrasion  of  grains  of  sand  re-arranging 

tCf.  Hiscox,  "Compressed  Air,"  p.  437. 
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themselves  under  pressure  is  probably  the  main 
effect  produced.  The  case,  however,  is  quite 
different  in  the  first  impact  of  the  stamp  on  the 
ore  in  the  box.  Assume  that  only  a  2  in.  cube 
resting  on  the  die  is  first  struck  ;  having  an  area 
of  4  sq.  in.,  the  average  unit  pressure  here  is 
2,190  lb.  per  sq.  in.,  or  eighteen  times  as  much 
as  under  former  conditions. 

The  finer  the  crushing  is  carried  in  the  battery 
the  longer  sand  particles  remain  before  being  suffi- 
ciently reduced  to  escape,  and  the  higher  the  ratio 
of  fine  to  coarse  material  in  the  mortar-box. 
Hence,  under  these  conditions  the  liability  is  for 
the  falling  stamp  to  have  its  force  of  impact  dis- 
tributed over  so  large  an  area  as  to  produce  little 
effect  but  abrasion  on  a  bed  of  shifting  com- 
pressible sand.  These  considerations  serve  also 
to  explain  why  fine  breaking  before  milling  with 
heavy  stamps  does  little  good.  A  large  number 
of  pieces  of  ore  of  approximately  equal  size  afford 
a  large  area  to  receive  the  blow  of  relatively  small 
pressure  upon  each.  And  further,  the  abrasive 
action,  above  referred  to,  explains  why  stamp 
milling  with  a  fine  screen  and  a  high  discharge, 
or  both  combined,  is  inefficient  through  the  waste 
of  energy  in  converting  fine  sand  in  to  slime  by 
abrasion  of  the  particles  re-arranging  themselves 
under  the  stamp.* 

As  regards  the  desirable  size  to  which  ore 
should  be  broken  before  entering  the  mortar-box, 
the  disadvantage  of  too  fine  crushing  yielding  a 
uniform  bed  has  already  been  pointed  out.  The 
maximum  limit  varies  with  the  class  of  ore,  being 
less  for  hard  ores,  but  in  general  it  should  be 
such  that  not  more  than  one  blow  of  a  stamp  is 
required  to  pulverise  the  largest  piece  of  rock. 
Hence,  the  heavier  the  stamp,  the  coarser  the 
preliminary  breaking  admissible,  and  vice- versa. 
With  unweathered  banket  ore  probably  a 
maximum  diam.  of  l|  in.  is  permissible.  Larger 
pieces  are  more  economically  reduced  by  the 
rock-breaker  and  the  lowering  of  stamp  duty, 
owing  to  less  actual  height  of  drop  with  such  a 
feed,  is  thus  avoided. 

In  passing  it  may  be  said  that  the  practice  of 
placing  the  breakers  under  the  control  of  the 
mine  captain,  who  when  ore  is  coming  up  freely 
from  below  avoids  congestion  in  his  bins  by 
•opening  out  the  breakers  wide,  is  not  to  be 
commended.  The  object  sought  is  certainly 
achieved,  but  at  the  expense  of  inefficient  stamp 
milling  and  greater  strains  on  stems  when  the 
edges  of  the  shoes  fall  upon  large  pieces  of  hard 
ore.f  When  the  pieces  of  ore  are  too  large  to 
enter  the   feed   opening  of  the  mortar-box,  and 

*See  E.  A.  Hersam's  paper  on  "  Economj  "t  Power  in  Crushing 
Ore,"  published  in  the  Mining  and  Scientific  Press,  ol  L6th  Nov., 
1907,  p.  624  ;  also  I !.  de  Kalb  in  Mines  and  Mint  rals,  p.  136,  <  »ct, 
L906. 

|s,,t.  \.  EUckard's  "Stamp  Milling- of  Gold  Ores,"  p.  161. 


feeding  consequently  ceases,  the  results  are,  of 
course,  even  worse. 

Taking  the  average  running  weight  of  a  stamp 
as  with  a  half-worn  shoe  and  with  a  stem  of  less 
than  its  original  length  owing  to  breakage,  it  will 
be  found  that  this  weight  is  some  10%  less  than 
the  weight  of  the  stamp  when  new,  and  that  its 
duty  is  correspondingly  reduced.  The  obvious 
remedy  is  the  use,  as  the  shoe  wears  down,  of 
compensating  weights  in  some  form  or  other, 
which  have  been  frequently  suggested  and 
occasionally  used.* 

Since,  however,  greater  attention  has  been 
directed  to  the  weight  of  stamps  through  the 
trials  on  the  Knights  Deep  referred  to,  the  use  of 
compensating  weights  has  become  common  on  the 
Hand,  and  their  importance  in  maintaining  a 
high  efficiency  and  stamp  duty  is  so  considerable 
as  to  be  well  worth  the  small  additional  trouble 
and  expense  involved  by  their  use.  Probably  the 
earliest  form  of  this  device  was  placing  an  old 
head  at  the  top  of  the  stem  or  an  extra  tappet 
above  the  one  in  use. 

These  devices  were,  however,  crude,  and  the 
writer  has  tried  various  other  methods,  including 
a  false  head  intermediate  between  the  true  head 
and  the  shoe,  on  the  ground  that  additional 
weight  is  better  added  near  the  bottom  than  near 
the  top  of  the  stem.  Probably  the  most 
convenient  compensating  weights,  however,  are 
split  cast-iron  discs  about  4  in.  high  and  weighing 
about  50  lb.  or  60  lb.  each,  which  are  clamped 
on  the  stem  by  means  of  two  bolts  either  above 
or  below'  the  tappet.  Such  a  compensating 
weight  is  illustrated  in  Fig.  4,  and  as  many  may 


Fig.  4. 
be  gradually  added  as  arc  Deeded  and  can   be 
accommodated. 

With  increased  weight  of  stamp,  the  question 
of  increased  shoe  and  die  area  arises,  but  the 
considerations  already  advanced,  showing  the 
small  amount  of  pressure  per  sq.  in.  of  total  shoe 
area,  indicate  that  very  large  shoe  and  die  areas 
are  not  needed  for  hard  ores,  whilst  for  soft  ore 
a    lower,    quicker   drop    can    be    used.      Some 

Lock's  "Oolil  Milling."  i>.    Unt :  :il-"  Journal  oj   I 
I  I  Mi, i.  Soe.  oj  S  A.    \ol.  ii.  April.  1898,  p.  299. 
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increase,  however,  is  usual  owing  to  the  fact  that 
the  larger  diameter  of  stems  and  tappets  required 
with  heavier  stamps  necessitates  increasing  the 
distances  between  stamp  centres. 

An  increase  is  desirable  when  the  total  force  of 
impact  of  the  falling  stamp  requires  a  thick  layer 
of  ore  on  the  die  to  avoid  excessive  shock.  Such 
heavy  feeding  lessens  the  duty,  because  the 
thicker  ore  bed  reduces  the  actual  height  of  drop, 
and  the  blow  is  likewise  cushioned  so  that  the 
stamp  crushes  by  abrasion  rather  than  by  impact. 
As  already  shown,  the  cushioning  caused  by  fine 
particles  in  the  mortar-box  increases  with  the 
height  of  discharge  and  the  the  fineness  of  the 
screen. 

The  greater  the  force  of  impact  per  unit  of 
area  the  coarser  the  screen  required  for  maximum 
efficiency,  as  otherwise  a  thick  layer  of  fine  ore 
particles  would  be  needed  to  avoid  pounding. 
Since  even  a  heavy  stamp  crushes  but  a  couple  of 
ounces  of  ore  at  each  blow,  and  this  weight 
would  form  but  a  very  thin  layer  over  the  surface 
of  the  die,  it  is  obvious  that  the  least  thickness 
of  ore  layer  necessary  to  take  the  impact  of  the 
stamp  without  pounding  is  sufficient  to  supply 
ample  material  for  pulverisation. 

The  prevention  of  irregular  wear  of  dies  is  as 
yet  an  unsolved  problem.  At  first  sight  it  would 
appear  that  a  slight  cavity  in  the  die  surface  due 
to  soft  metal  would,  when  formed,  be  protected 
against  further  excavation  by  the  surrounding 
portions  of  the  die  standing  above  it,  but  in 
practice  no  such  protection  seems  to  be  afforded. 
The  cavity  grows  steadily  deeper  with  use,  and 
even  turning  the  dies  regularly  is  not  a  cure. 

In  the  writer's  opinion  the  trouble  is  due  to 
the  larger  pieces  of  ore,  or  pieces  of  steel  such  as 
drill  ends,  gravitating  in  the  swirl  of  pulp  in  the 
mortar-box  to  the  lowest  point,  that  is  into  a 
slight  depression  originally  due  to  softness  of  the 
metal,  and  thus  the  impact  of  the  falling  stamp 
is  transmitted  to  gouge  out  the  bottom  of  the 
cavity.  Such  irregular  wear  is  especially  liable 
to  start  at  the  back  of  the  centre  dies  where  the 
ore  feed  first  lodges  and  is  thus  struck  whilst  at 
its  largest  size.* 

Consequent  upon  the  introduction  of  tube- 
mills,  coarse  battery  screening  has  generally 
replaced  the  finer  mesh,  and  thanks  to  the  work  of 
this  Institution,  and  of  the  Chemical,  Metallur- 
gical and  Mining  Society  of  South  Africa,  more 
accurate  descriptions  are  now  applied  to 
screening,!  with  the  result  that  the  millman  can 
with  some  certainty  obtain  a  duplication  of  a 
previous  order. 

'Set-  Journal  Chem.  Met.  and  Min.  Soc  o/S.A.,  vol.  vii.  1907, 
pp.  216  and  2!i:> ;  also  paper  by  M.  I'.  Boss  on  "  ( 'rushing  Ore" 
published  in  The  Minimi  and  Scientific  Press  of  .March  ]4th.  1901, 
p.  356. 

fSee  Journal  Chem-.  Met.  ami  Min.  Soc  o/S.A.,  June,  1906, 
vol.  vi,  p.  3!)3;  also  October,  1907,  vol  viii,  p.  liio. 


In  accordance  with  the  demands  of  the  modern 
millman  armed  with  a  micrometer  gauge, 
manufacturers'  catalogues,  in  place  of  giving 
vague  trade  terms,  now  detail  diameters  of 
aperture,  wire  and  so  forth,  with  a  most  laudable 
desire  for  extreme  accuracy. 

Since  this  development,  however,  the  general 
introduction  of  secondary  grinding  by  means  of 
tube-mills  has  lessened  the  importance  of  the 
battery  screen  as  a  criterion  of  the  degree  of 
reduction  of  an  ore,  and,  in  fact,  the  grading 
anatysis  of  the  final  pulp  leaving  the  crushing 
plant  as  an  overflow  from  the  hydraulic  classifiers 
is  now  the  guide  to  the  metallurgist. 

As  pointed  out  previously  before  this  Institu- 
tion, this  change  makes  the  degree  to  which  a 
particle  is  reduced  dependent  on  both  its  diameter 
and  its  specific  gravity,  instead  of  on  the  former 
only,  with  the  result  that  the  pyritic  material 
undergoes  that  finer  comminution  and  more 
perfect  exposure  of  gold  contents  which  its 
greater  value  renders  desirable.* 

Breakages  of  cam-shafts  as  well  as  stems  and 
other  battery  parts  are  still  commonly  described 
as  being  due  to  "crystallisation"  set  up  by 
vibrations  incidental  to  the  operation  of  crushing. 
At  the  present  day,  however,  such  an  explanation 
cannot  be  accepted,  it  having  been  proved  that 
repeated  shocks  in  time  develop,  in  such  essentially 
crystalline  aggregates  as  iron  or  steel,  minute 
microscopic  crevices  which  gradually  extend  until 
a  fracture  results.f 

Among  the  few  who  have  initiated  improve- 
ments in  stamp  mill  design  of  recent  years  is 
that  experienced  mill-man,  M.  P.  Boss,  whose 
design  of  a  stamp  with  long  head,  thus  giving 
strength  of  what  would  otherwise  be  a  weak  point 
in  the  stem,  is  worthy  of  serious  investigation.^ 
It  is  somewhat  remarkable  that  whilst  the  number 
of  crushing  machines  invented  to  supersede 
stamps  is  endless,  and  much  space  in  metallurgical 
publications  is  devoted  to  the  description  of 
crushing  plants,  yet  the  actual  operation  of  the 
gravitation  stamp  and  the  discussion  of  its  most 
appropriate  design  has  been  but  little  dealt  with 
either  by  the  skilled  engineer  or  by  the  mathe- 
matician. 

In  order  to  employ  heavy  gravitation  stamps 
to  full  advantage,  it  is  absolutely  necessary  that 
a  uniform  speed  should  be  maintained  by  proper 
governing  of  the  engine.  Only  under  these 
conditions  can  the  maximum  speed  and  height  of 
drop  be  safely  used  without  feai  of  camming  ; 
and  the  damage  done  in  a  few  moments  by 
sudden  increased  speed  above  the  normal  may 
prove  a  costly   matter   both  in  loss  of  time  and 

+See  Trans.  Inst.  M.  am!  M.,  vol.  xiv,  1904,  p.  55. 
tSee  Rosenhain  on  "The  I  i  \  stallisation  of  Iron  and  Steel"  in 
Tin  Times  Kim.  Supplerm  nt,  p.  1,  6th  Nov..  1907. 
{See  Mines  and  Minerals,  p.  209,  Dec,  1908. 
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material.  Further,  with  heavy  stamps  the  use  of 
five-stamp  cam-shafts  is  very  desirable,  in  that  as 
compared  with  ten  or  fifteen-stamp  cam-shafts 
both  the  power  to  be  transmitted  and  the  number 
of  shocks  due  to  lifting  stamps  are  reduced  by 
one-half  or  two-thirds  for  each  shaft. 

Many  attempts  have  been  made  to  supersede 
the  use  of  gravitation  stamps  as  the  standard 
machine  for  the  crushing  of  gold-bearing  ore,  but 
without  success.  That,  in  spite  of  certain  obvious 
disadvantages,  they  still  hold  their  own,  is 
probably  due  to  the  fact  that  pneumatic  and 
steam  stamps  as  hitherto  designed  have  proved 
wasteful  of  power  and  liable  to  derangement 
under  the  vibrations  and  shocks  inevitable  during 
crushing,  whilst  the  gravitation  stamp  has  little 
to  go  wrong,  and  power  can  be  cheaply  developed 
by  a  complex  and  economical  steam-engine 
removed  from  unfavourable  conditions  and  tended 
by  a  skilled  operator  without  other  duties.  A 
serious  effort  -is,  however,  now  being  made  to 
utilise  a  new  type  of  Holman  pneumatic  stamp 
at  the  Xew  Kleinfontein  mill,  and  there  is  no 
doubt  that  the  energy  and  experience  of  those 
concerned  in  this  test  will,  if  it  is  possible, 
overcome  such  difficulties  as  have  been  encountered 
in  the  past  with  similar  crushing  appliances. 

From  the  foregoing  discussion  it  will  be  evident 
that  the  day  of  the  stamp  as  a  unit  of  crushing 
capacity  has  passed  away.  The  unit  of  the 
present  basis  is  the  tonnage  crushed  per  month 
or  per  clay,  and  this  is  dependent  on  many  factors 
— the  relative  proportion  of  stamps  to  tube-mills, 
the  actual  running  weight  of  the  stamps,  the 
ratio  of  water  feed,  the  height  of  discharge,  the 
height  and  number  of  drops  per  minute,  the 
screening  used,  and  the  maintenance  of  "  concert 
pitch  "  in  the  mill  engine. 

The  future  limit  of  stamp  weight  is  difficult  to 
for< ■tell,  but  it  will  probably  be  determined  more 
by  the  mechanical  considerations  involved,  as  in 
the  cam  system  of  lifting,  than  by  any  decreased 
relative  efficiency  as  a  device  for  pulverising  ore. 

The  advantages  of  heavy  stamps,  as  compared 
with  lighter  ones,  may  be  briefly  stated  as 
follows  : — 

1.  Reduction  of  the  initial  capital  expenditure 
in  erecting,  say,  200  stamps  at  1,750  lb.  with 
accessories,  in  place  of  280  stamps  at  1,250  lb. 
each. 

2.  Reduction  in  size  of  mill  building,  almost 
proportionate  to  the  less  number  of  stamps. 

."..  30%  less  shafting,  belts  and  other  moving 
parts'  to  maintain. 

I  -'50%  less  labour  required  for  dressing  plates, 
lubricating  moving  parts,  changing  screens,  and 
other  work  incidental  tc  milling  operations. 

In  concluding  this  somewhat  lengthy,  yet 
incomplete    discussion   of   some    of    the    factors 


affecting  present  day  stamp-milling,  it  is  my 
pleasant  duty  to  acknowledge  my  indebtedness  to 
the  Consolidated  Goldfields  of  South  Africa, 
whose  foresight  provided  means  whereby  a 
departure  was  rendered  possible  which,  besides 
benefitting  the  gold  mining  industry  in  genera], 
has  enabled  them  to  claim  "  the  heaviest  stamps 
and  the  highest  average  stamp  duties  of  any  gold 
mining  corporation  in  the  world ;  "*  and  to 
Messrs.  Pt.  M.  Catlin,  H.  H.  Webb,  and  H.  C. 
Behr  and  their  staffs  for  greatly  appreciated 
encouragement  and  suggestions  during  the 
progress  of  the  experimental  work  detailed. 


Obituary. 


The  death  of  Mr.  Walter  Herbert  Smith, 
a  member  of  the  Society,  is  recorded  with  regret, 

Mr.  Smith,  who  was  elected  a  member  in  June. 
1907,  was  the  Battery  Manager  of  the  Ayrshire 
Mine,  Rhodesia,  and  had  been  suffering  from 
fever  for  some  time.  On  the  journey  to  the 
Cape  Colony  he  had  a  relapse  in  the  train,  and 
was  removed  to  the  Bulawayo  hospital,  where  he 
died  early  in  September. 
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CHEMISTRY. 

Manufacture  of  Sodium  Peroxide  and 
Sodium  Cyanide. — "Two  of  the  chief  uses  of 
metallic  sodium  (made  eleetrolytically  by  the 
Castner  process)  are  the  manufacture  of  sodium 
peroxide  and  of  sodium  cyanide.  Mr.  C.  F.  Carrier, 
Jr.,  calls  attention  to  the  fact  that  the  whole  sodium 
recovered  as  peroxide  or  cyanide  enters  into  the 
usual  processes  as  metallic  sodium  ;  the  reaction  Lsin 
the  first  case  Na+ 20= NaOz,  and  the  reaction  of  a 
certain  cyanide  process  now  in  use  is  given  by  two 
equations  NH3  Xa  NaNH2+H  and  NaNH9+C= 
NaCN  +  Hj.  To  reduce  the  amount  of  metallic 
sodium  used  as  starting  material.  Mr.  Carrier  uses 
'•  a  fused  bath  containing  sodium  Baits,  which  will  be 
decomposed  by  sodium,  or  sodium  alloy,  in  such  a 
manner  as  fco  render  the  combined  sodium  of  the  bath 
available  as  a  source  of  sodium  atoms  for  the  end 
product ;  and  add  sodium,  or  sodium  alloy,  to  thi- 
tused  bath."  This  general  principle  may  be  made 
clearer  by  application  in  the  two  cases  above  cited. 

If  sodium  be  added  to  a  mixed  fusion  of  sodium 
hydroxide  and  -odium  nitrate  in  the  pre  per  propor- 
tions, namely,  approximately  two  parts  by  weight  of 
the  latter  to  three  parts  of  the  Former,  there  are 
numerous  possible  reactions,  the  final  Btate  of  which 
may  be  expressed  by  the  following  read  ion- : 

NaNO,    3NaOH     8Na     BNa  0     Ml         ill 
6  N;i  0    3  0,    6  V  (II) 

NaNO.+3NaOH    2Na    3Na.O      Ml       III 


-  i    Annual  Report  of  the  Consolidated  ■■  fSotith 

Africa,  Ltd.,  L908,  p 
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Reactions  I  and  III  take  place  at  the  same  time, 
the  preponderance  of  either  reaction  depending  upon 
the  condition  of  the  operation  and  the  law  of  mass 
action.  The  actual  amount  of  sodium  peroxide 
produced  will,  therefore,  lie  between  the  results  of 
reaction  I +  11  and  reaction  III.  This  same  principle 
may  he  applied  to  the  production  of  sodium  cyanide. 
If  metallic  sodium  lie  added  t<>  a  fused  bath  of 
NaOH  in  which  carbon  is  suspended  and  Ml,  gas  be 
bubbled  through  the  melted  mass  at  the  same  time, 
the  following  reaction  takes  place  : 

NaOH  +  Na    2NH3  +  3C  =  2NaCX  +  CO  +  7H. 

Instead  of  employing  pure  metallic  sodium,  Carrier- 
finds  it  advantageous  to  use  lead-sodium  alloy,  as 
it  may  be  produced  easily  by  electrolysis  of  fused 
sodium  chloride  with  a  fused  lead  cathode  (the  old 
Acker  process).  But  the  simple  addition  of  lead- 
sodium  alloy  in  place  of  sodium  to  such  a  bath  as 
specified  above  for  making  oxides  of  sodium  is  not 
practicable  because  lead  would  be  oxidised  as  well 
as  sodium  and  the  sodium  oxide  would  be  contami- 
nated with  sodium  plumbate.  Likewise  the  alloy 
could  not  be  used  in  the  formation  of  sodium  cyanide 
because  the  alloy  produced  in  practice  has  not 
sufficient  reducing  power  to  give  the  desired  result. 

The  author  uses  a  double  compartment  cell,  like 
that  employed  in  the  Ashcroft  process,  connection 
between  the  two  compartments  being'  made  by  fused 
lead.  The  "anode  compartment"  contains  fused 
sodium  chloride  so  that  sodium  is  deposited  onto  and 
alloyed  with  the  fused  lead  cathode.  The  sodium- 
lead  alloy  is  anode  in  the  " cathode  compartment " 
filled  with  fused  sodium  hydroxide.  By  using  an 
iron  or  nickel  cathode  in  this  compartment,  sodium 
would  enter  into  the  fused  bath  from  the  fused  lead 
alloy  and  metallic  sodium  would  be  deposited  onto 
the  cathode.  That  would  be  the  Ashcroft  process. 
The  feature  of  Carrier's  process  is  that  if  Na,Is*»  >:;  is 
added,  at  intervals  in  amount  proportional  to  the 
number  of  amperes  used,  the  sodium  of  the  lead- 
sodium  alloy  will  be  consumed  as  fast  as  liberated 
according  to  the  following  reactions  : 
»NaN03  +  y  NaOH  +  zNa  =  aNa20  +  bXa202  +  cNH3. 

The  relative  values  of  the  factors  a,  b,  c  and  x,  y, 
/.,  will  depend  upon  the  condition  of  the  operation. 
This  mixture  of  Na20  +  Na202  can  be  entirely  con- 
verted into  Na.,02  by  solidifying,  pulverizing  and 
heating  the  powder  to  over  300°  C.  in  air  free  from 
C02  and  H20.  The  lead  sodium-alloy,  which  has 
been  partly  depleted  of  its  sodium,  is  continuously 
returned  to  the  first  compartment. 

The  production  of  cyanide  of  sodium  is  conducted 
in  the  same  way,  except  that  a  different  electrolyte 
must  be  used  in  the  second  compartment.  In  this 
case  the  fused  NaOH  holds  carbon  in  suspension. 
The  bath  is  electrolyzed  as  before  and  ammonia  gas 
is  bubbled  through  the  electrolyte  in  place  of  the 
NaNO;,  used  when  sodium  oxide  was  desired.  The 
value  of  the  process,  if  commercially  successful,  lies 
in  the  production  of  more  of  the  final  product  than 
could  he  produced  from  the  actual  quantity  of  the 
metal  entering  into  the  reaction  as  metal  or  alloy 
only." — Eh  ctro-(  'In  micaland  Metallurgical  Industry, 
March,  1909,  p.  123.     (A.  McA.  J.) 


obtained  at  the  ordinary  temperature  invariably  con- 
tains traces  of  tin,  but  if  the  precipitation  be  made 
at  50°-60°  C.  the  precipitate  will  be  free  from  tin.  The 
solution  of  the  mixed  salts  in  15%  hydrochloric  acid 
is  heated  to  50  -60c  0.  in  the  water-bath,  and  a 
current  of  hydrogen  sulphide  passed  through  it  for 
30  minutes,  after  which  it  is  cooled  to  30J  C.  ami  the 
current  of  gas  continued  for  10  minutes.  The  preci- 
jfitate  is  then  rapidly  filtered  off  in  aGooch's  crucible 
previously  dried  at  110°  C,  and  washed  with  15% 
hydrochloric  acid  saturated  with  hydrogen  sulphide. 
It  is  next  washed  successively  with  water  saturated 
with  hydrogen  sulphide,  with  alcohol,  with  a  mixture 
of  alcohol  ami  carbon  bisulphide,  with  carbon  bisul- 
phide  alone,  with  alcohol,  and  with  ether,  ami  is 
finally  dried  at  11<»  C,  and  weighed.  The  filtrate 
containing  the  tin  is  partially  neutralised  with 
ammonia,  diluted  with  water,  and  heated,  and  the 
tin  precipitated  with  hydrogen  sulphide.  The  lcsiilts 
are  independent  of  the  proportion  of  the  two  metals 
in  solution,  ami,  as  is  shown  by  test  analyses,  are 
very  accurate."— G.  PANAJOTOW,  Ber.,  1909,  /.', 
1290-1299.  — Journal  <>f  tin  Society  of  Chemical 
Industry,  May  31,  1909,' p.  545.     (A.  W.) 

Standardisation  of  Acids  and  Alkalies. — 

"The  author  recommends  the  use  of  crystallised 
borax  for  the  standardisation  of  mineral  acids  or 
alkalies,  on  account  of  its  unalterable  composition. 
When  used  for  acids,  with  methyl  orange  as  indicator, 
it  acts  like  a  known  weight  of  sodium  oxide  and, 
therefore,  represents  a  known  amount  of  the  acid. 
When  mixed  with  glycerine,  half  of  the  boric  acid  is 
set  free,  which,  witn  phenolphtalein  as  indicator, 
represents  a  definite  quantity  of  alkali."— E.  Rupp, 
(In  in.  Zeit.,  1907. — Australia))  Mining  and  Engineer- 
ing Benac,  June  5,  1909,  p.  298.     (A.  K.) 


Separation  of  Antimony  and  Tix.— " A  method 
is  based  upon  the  difference  in  solubility  of  the  sul- 
phides of  antimony  and  tin  in  dilute  hydrochloric  acid. 
Thus  antimony  is  quantitatively  precipitated  by 
hydrogen  sulphide  at  the  ordinary  temperature  from 
its  solution  in  15%  hydrochloric  acid,  whilst  tin  is 
not  precipitated  under  those  conditions.  In  the  case 
cf  mixtures,  the  precipitate  of   antimony    sulphide 


Test  for  Scheelite.— "  To  test  scheelite,  place  a 
portion  of  the  powdered  mineral  the  size  of  a  pea  in 
a  test  tube  or  a  cup  and  cover  with  a  teaspoonful  of 
hydrochloric  acid.  Upon  boiling  a  few  minutes,  or, 
if  heated,  allowing  to  stand  a  considerable  time, 
tungsten  trioxide  (W03),  a  bright  yellow  powder,  is 
formed.  Upon  the  addition  of  metallic  tin  or  zinc 
the  yellow  powder  is  reduced  to  a  lower  oxide,  which 
is  of  a  characteristic  beautiful  blue  colour,  and  later 
to  still  lower  oxides  of  other  colours.  With  zinc  the 
solution  first  turns  blue,  then  wine  coloured  and, 
later,  brown.  When  the  reduction  takes  place  very 
quickly  the  blue  colour  of  the  solution  may  not  be 
seen  at  all,  the  first  colour  to  appear  being  a  reddish 
lilac,  quickly  turning  to  brown.  With  tin  it  turns 
successively  blue,  lilac,  wine  coloured  and  more 
slowly  to  brown.  The  wine  colour  may  last  for  hours. 
Tinfoil,  which  is  ordinarily  composed  largely  of  tin, 
with  varying  amounts  of  lead,  may  be  used.  In  the 
reduction  with  tin  the  solution  nearest  the  tin  will 
often  have  a  lilac  or  wine  colour,  while  a  short  dis- 
tance away  the  solution  will  be  a  line  blue.  With 
either  zinc  or  tin  the  powdered  mineral  itself  will  be 
coloured  blue,  even  though  the  solution  may  be  of  a 
different  colour.  When  treated  with  acid  several 
minutes  should  be  allowed  to  elapse  before 
introducing  zinc  or  tin,  otherwise  the  yellow  oxide 
may  not  be  formed  in  sufficient  amount  to  give  a 
good  reaction,  and  neither  the  blue  nor  the  pink 
colour  will  be  seen,  but  the  solution  will  be  a 
yellowish  brown.  However,  a  blue  sediment  will 
form  in  the  bottom  of  the  vessel.  If  one  part  of  the 
hydrochloric  acid  diluted  with  two  parts  of  water  be 
used  tin  gives  to  the  solution  a  blue  colour,  which 
lasts   a   considerable    time.      Sulphuric    acid    diluted 
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with  two  or  three  parts  of  water  to  one  of  acid  may 
be  used  instead  of  hydrochloric  acid,  and  seems  to  be 
the  more  active  of  the  two  in  changing  scheelite  to 
tungsten  trioxide.  It  is  slower  than  hydrochloric 
acid  in  reducing  the  yellow  oxide  to  the  blue  oxide 
upon  the  addition  of  zinc  and  needs  more  heating, 
but  gives  the  same  blue  colour,  which  is  more  lasting 
and  may  still  show  after  standing  24 hours." — Mining 
and  Sen  ntific  Press,  May  21,  1909,  p.  403.    (K.  L.  G.) 


METALLURGY. 

Evolution  of  the  Gravity  Stamp  Mill.— It 
is  a  remarkable  circumstance  that  the  ancients  who 
were  in  many  respects  first-rate  engineers  should 
have  overlooked  the  possibilities  of  a  mechanical 
device  for  crushing  gold  ores.  It  cannot  be  that 
they  were  lacking  in  the  necessary  engineering  skill, 
but  rather  that  they  could  not  see  the  advantage  of 
combining  a  water  wheel  with  the  pestles  already 
familiar  to  their  workmen  and  thus  save  the  labour 
and  feed  of  many  men.  The  sole  reason  must  have 
been  that  while  slaves  were  cheap  machinery  was 
not  necessary,  hut  when  slave  labour  was  no  longer 
available  or  had  become  expensive,  the  crude  gravity 
stamp  mills  were  evolved  from  methods  and  appli- 
ances long  known  to  the  ancients. 

The  system  of  gold  milling  practiced  in  Egypt  in 
ancient  times  will  be  described  to  show  that  the 
next  step  was  easily  attainable,  and  required  no 
great  amount  of  adaptability.  The  quotation  is 
cited  from  Diodorus  Siculus  :  "  When  the  stone  con- 
taining the  gold  is  hard,  the  Egyptians  soften  it  by 
the  application  of  fire,  and  when  it  has  been  reduced 
to  such  a  soft  st;ite  that  it  yields  to  moderate  labour, 
several  thousand  of  these  unfortunate  people  treat 
it  with  iron  picks.  Those  who  are  above  thirty 
years  of  age  are  employed  to  pound  pieces  of  the 
stone  of  certain  dimensions  with  iron  pestles  in  stone 
mortars  until  reduced  to  the  size  of  a  bean.  The 
whole  is  then  transferred  to  women  and  old  men  who 
put  it  into  mills  arranged  in  a  row,  two  or  three 
per-ons  being  employed  at  the  same  mill,  and  it  is 
pounded  until  reduced  to  aline  powder.  (Here  we 
nave  a  stamp  mill  operated  by  three  persons  lifting  a 
heavy  pestle,  presumably  of  iron  and  probably  with  a 
wooden  stein.)  At  length  the  masters  take  the  stone 
thus  ground  to  powder  and  cany  it  away  to  undergo 
the  "  final  process  "  The  final  process  was  "  to 
wash  on  inclined  tables  furnished  with  two  cisterns, 
all  built  of  stone.'"  Here  we  have  what  corresponds 
to  a  modern  canvas  plant.  Evidently  the  amount  of 
ore  crushed  was  too  great  for  slaves  to  pan,  so  it  was 
run  over  tables  with  a  stream  of  water. 

Although  we  have  no  description  of  a  gravity 
stamp  mid  being  used  by  the  Romans,  it  would  have 
been  only  a  short  step  in  evolution  to  have  used 
mechanical  power  to  lift  the  heavy  pestles  used  by 
the  Egyptians.  From  the  Hungarian  mines  there 
are  remains  that  date  from  the  fifteenth  or  sixteenth 
century.  The  tilt  hammer  used  in  China  has  been 
described  by  Henry  Louis. 

From  the  sixteenth  century  to  the  time  of  the  dis- 
covery of  gold  in  California  little  improvement  was 
made  in  the  gravity  stamp.  It  was  a  crude  affair 
consisting  of  three  or  fonr  stamps.  Each  stem  con- 
sisted of  a  square  wooden  beam  usually  of  oak,  I- 
ft.  long  and  (i  in.  square,  the  shoe  of  cast  iron  being 
inserted  in  the  wooden  stem  anil  bound  with  iron 
bands  and  lightly  wedged.  The  moitar  was  either 
open,  or  a  wooden  box,  the  bottom  of  which  was 
composed  of  hard  quartz  fragments  tightly  beaten  in 
with  heavy  iron  rams. 


Sometimes  the  screen-  were  of  punched  iron,  but 
more  often  the  discharge  was  simply  over  a  side  of 
the  box  which  could  be  moved  up  and  down  to  alter 
the  fineness  of  the  crushed  pulp.  The  -tamps 
weighed  from  150  to 250  lb.,  and  were  dropped  from 
S  to  12  in.  about  70  times  per  minute.  The  cams 
and  tappets  were  of  wood,  and  the  stamps  were 
lifted,  without  turning,  in  pairs  when  the  battery 
was  composed  of  four  -tamps,  and  alternately  when 
of  three  stamps.  Even  the  i  lea  of  five  -tamps  and 
lifting  in  the  sequence  that  gives  the  best  flow  of 
pulp  is  of  late  origin.  The  oldest  mills  in  California 
had  four  stamps  in  a  battery  all  on  one  camshaft. 
Plumas  county  ha-  many  such  nulls.  It  is  said  that 
six  stamps  were  sometimes  put  in  a  battery,  and 
can  be  seen  in  Mexico  to-day. 

The  modern  stamp  mills  of  the  best  type  as  used 
in  different  parts  of  the  world  are  simply  the  refine- 
ment and  perfection  of  these  early  types,  made 
possible  by  the  improvements  in  the  material-  of 
which  the  different  parts  are  made.  Our  stamp  now 
weighs  from  1,000  to  1,7<>0  or  even  1,800  lb.,  and 
drops  from  (J  to  8  in.  at  the  rate  of  LOO  to  1 10  drops 
per  minute. 

It  was  the  discovery  of  gold  in  California  and 
Australia  and  the  high  cost  of  labour,  that  made 
necessary  improved  machinery  for  crashing  ore,  and 
from  this  necessity  the  old  gravity  mill  was  improved 
upon  until  we  have  the  stamp  mill  in  its  present 
state  of  perfection.  The  original  stamp  mills  as 
well  as  the  mortars  of  the  ancients  were  used  simply 
to  break  ore  that  had  already  been  subjected  to  a 
preliminary  process  of  comminution.  It  is  a  curious 
fact  that  the  stamp  mill  is  gradually  reverting  to  its 
original  use  as  a  crusher  for  rock  of  medium  size. 

When  the  cyanide  process  was  unknown  or  in  its 
infancy  stamp  mills  were  in  general  use  as  amalga- 
mators, for  it  was  found  that  a  thorough  admixture 
of  mercury  with  gold  in  the  mortar  often  saved  more 
gold  than  when  the  processes  of  crushing  and  amal- 
gamating were  conducted  separately.  With  t lie 
introduction  of  the  cyanide  process  ami  the  finer 
grinding  of  the  otes,  amalgamation  has  to  a  great 
extent  been  given  up,  so  that  the  gravity  stamp  mill 
is  gradually  occupying  the  place  of  an  intermediate 
crusher  between  the  rock  breaker  ami  the  fine 
grinder.  As  a  coarse  or  fine  crusher  it  is  excelled  by 
other  machines,  but  as  occupying  the  place  described 
above  in  the  process  of  winning  gold  from  it-  ore-  ii 
has  no  peer. 

As  the  use  of  the  cyanide  process  for  the  extrac- 
tion of  gold  increases  the  purpose  of  the  stamp  mill 
i-  becoming  simply  a  crashing  machine.  Its  simpli- 
fication from  a  battery  of  five  stamps  to  that  of  one 
-tamp  is  taking  place  at  the  same  time,  for  it  has 
been  found  that  the  single  -tamp  crushes  more  ore 
per  unit  or  per  horsepower  than  when  more  stamps 
are  arranged  in  the  same  battery.  The  amount  of 
labour,  however,  increases  with  the  single  batteries, 
so  that,  especially  where  Labour  is  high,  a  5-stamp 

battery  with  a  narrow  mortar  will  in  the  end  be 
more  satisfactory  than  live  single  stamp-.  When 
amalgamation  is  necessary  inside  the  battery  a 
roomy  5-stamp  battery  is  used  and  not  tic  single 
unit.— Algernon  Del  Mar.-  Engineering  and 
Mining  Journal,  May  1,  1909,  p.  son.     (A.R.) 

Tut:  Use  of  Standards  in  Reading  Gold 
Pannings.  -"  In  many  cases  one  could  not  possibly 
obtain  a  correct  estimate  by  panning. 

lie  had  made  many  careful  experiments.  He  had 
taken  1  lb.  of  moderately  tine  crushed  ore  and  assayed 

it   very  carefully,   and   then  panned  down  several 
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samples  of  the  ore,  and  very  carefully  assayed  the 
amount  of  gold  left  in  the  pan.  He  always  found 
tliat  he  lost  nearly  half  the  gold  in  the  panning.  So 
that  if  they  were  to  judge  absolutely  by  panning  he 
was  afraid  tliey  would  get  slipped  lip  very  badly 
sometimes. 

He  quite  understood  that  one  could  arrange  to  pan 
an  ore  which  was  known  perfectly  well,  and  could 
get  a  fairly  correct  estimate  of  that  ore.  But  how 
could  one  go  in  different  districts  and  pan  strange 
ores,  and  imagine  one  could  get  a  valuation  of  those 
ores  which  one  did  not  know  ?  One  did  not  know 
how  much  was  carried  away  in  the  slimes.  That 
was  where  he  thought  one  might  go  wrong. 

With  an  ore  which  one  knew  well  a  fair  result 
might  be  obtained,  hut  not  with  a  lot  of  strange  ores 
in  prospects."— A.  F.  Crosse,  Institution  of  Mining 
and  Metallurgy,  Bulletin  No.  57,  June,  1009,  p.  32 
(II.  A.  W.) 


MINING. 

Mine  Flushing.— "  Mine  flushing  has  heen 
largely  adopted  in  collieries  in  Germany.  Sand, 
mixed  with  more  or  less  dirt  or  clay,  is  used.  This 
material  is  dumped  on  a  grid  at  the  mouth  of 
the  shaft,  where  it  is  thoroughly  mixed  with 
water.  Cast-iron,  wrought-iron,  or  steel  piping, 
13  ft.  in  section,  and  6  to  8  in.  long,  is 
used  for  this  work.  The  method  as  there  used 
allows  the  tilling  of  90  per  cent,  of  the  volume 
of  space,  which  so  greatly  reduces  the  strata  pressure 
as  to  materially  reduce  the  cost  of  timbering,  and 
permit  the  seam  to  be  completely  worked  out."- 
Queensland  Hurl.  Mining  Journal,  Dec.  15,  190S. 
(C.  B.  S.) 


Concrete  for  Mine  Support.—"  A  paper  on  the 
use  of  concrete  for  mine  support  was  read  by  Prof. 
W.  R.  Crane  at  the  50th  general  meeting  of  the 
Institution  of  Mining  Engineers.  The  author  said 
that  up  to  comparatively  recent  times  timber  had 
heen  the  principal  means  of  support  for  underground 
working  ;  but  its  use  as  an  economical  material  for 
support  was  rapidly  passing.  The  falling  off  in  the 
use  of  timber  had  been  augmented  by  the  application 
of  concrete,  which  was  now  recognised  as  a  reliable 
and  satisfactory  substitute  for  timber.  Concrete  and 
reinforced  concrete  were  now  extensively  employed 
in  mining  shafts,  mine  galleries,  tunnels,  gangways, 
in  support;  of  rooms  and  stations,  in  building  dams 
and  stoppings  underground,  and,  in  fact,  in  all  min- 
ing work  both  within  and  without  the  mine.  Concrete 
had  the  advantage  that  it  could  he  applied  equally 
well  in  shafts  of  any  shape  and  size.  Several  rect- 
angular concrete  shaft  linings  had  been  successfully 
constructed  in  the  United  States,  but  practice 
favoured  the  oval  and  elliptical  forms.  Only  about 
half  the  thickness  of  lining  was  neces-aiy  when 
curvilinear  forms  were  employed.  Many  of  the  deep 
level  shafts  of  the  Lake  Superior  copper  region  were 
lined  to  the  bed  rock  with  concrete.  Instances 
could  he  quoted  of  the  use  of  a  circular  concrete  drop- 
shaft  in  sinking  through  loose  materials.  The  relin- 
ing  of  timbered  shafts  with  reinforced  concrete  had 
heen  successfully  accomplished  in  a  number  of 
instances  in  Pennsylvania,  one  of  the  best  illustra- 
trations  of  such  work  being  that  of  Manville  shaft, 
in  the  vicinity  of  Scranton.  Stations  for  underground 
machinery  such  as  pumps,  engines,  stables,  offices, 
etc.,  were  now,  in  many  large  mines,  being  lined  or 
re-lined  with  concrete.  Concrete  in  coal  mine  work- 
ings had  an  advantage  over  timber  and  stone  in  that, 
with  a  little  care  in  surfacing,  the  resistance  of  air 


currents  was  materially  reduced,  which  circumstance, 
together  with  the  considerations  of  greater  strength 
and   durability,    was    rapidly   extending  its  u.-c. " 
Science  and  Art  of  Minimi,  June   12,   1909,  p.  505. 
(A.  R.) 


Temperature  at  Great  Depths  in  Coal 
Mines. — "  It  has  been  known  from  early  times  that 
the  temperatuie  of  the  earth  increases  with  the 
depth  from  the  surface,  and  the  text  book  theory 
was  that,  irrespective  of  what  the  strata  may  be, 
there  is  a  certain  rise  of  temperature  for  every 
certain  number  of  feet  that  you  may  go  down  into 
the  earth,  commencing  at  a  point  heloM'  the  surface 
at  which  the  temperature  was  assumed  to  be  uni- 
formly constant.  This  point  was  said  to  be  at  a 
depth  of  50  ft.,  and  the  rate  of  increase  to  be  1°  F. 
for  every  60  ft.  of  depth  below  that  point.  This 
theory  has  received  important  modification  in  recent 
years'  as  the  result  of  careful  and  extended  observa- 
tion, and  it  has  been  shown  that  the  rate  of  increase 
varies  considerably  in  different  places,  and  depends 
upon  the  conductivity  of  the  strata,  the  presence  of 
water,  the  inclination  of  the  strata,  and  other  con- 
siderations. 

Within  the  limited  area  of  the  United  Kingdom 
the  Royal  Commission  on  Coal  Supplies  considered 
that  a  gradient  of  1°  in  rather  less  than  64ft.  was 
indicated  by  the  evidence  placed  before  them.  This 
gradient  would  give  an  average  nominal  temperature 
approaching  110°  F.  at  a  depth  of  4,000  ft.  The 
following  temperatures  at  different  depths  are  among 
those  which  have  been  placed  on  record  : — 

Depth.         Tern. 
Feet.        Deg.  F. 
Rosebridge  Colliery  (Wigan) 

ArleySeam  2,381  93"5 

Pendleton     Colliery,     Rams 

Seam         ...      * 2,088  83 

Pendleton     Colliery,    Lower 

Level         2,214  86 

Moss  Colliery  (Ashton-under 

Lvne),  Roger  Seam       ...         2.520  84 

New  Moss        3,300  86 

The  maximum  temperature  consistent  with  useful 
work,  health,  and  reasonable  comfort  appears  to  be 
undetermined.  But  the  necessary  conditions  are 
generally  admitted  to  be  brisk  ventilation  and  dry 
air.  Experience  has  shown  that  under  these  condi- 
tions a  man  can  work  the  usual  hours  in  a  tempera- 
ture as  high  as  100°  F.  without  a  noticeable  diminu- 
tion in  his  powers  of  endurance  or  in  the  amount  of 
work  performed.  Professor  Heim,  referring  to  the 
construction  of  the  Simplon  Tunnel,  says  that  as 
soon  as  the  temperature  of  the  air  in  which  men 
worked  reached  77°  F.  the  energy  of  the  work  began 
to  decrease,  and  at  86°  F.  it  was  generally  only  two- 
thirds,  and  at  95°  F.  it  was  no  more  than  half  the 
normal.  Practically  men  cannot  work  long  continu- 
ous hours  at  a  temperature  higher  than  86°  to  95°  F. 
maximum.  Every  higher  temperature  must  be 
diminished  by  ventilation  to  this  point,  better  still 
to  a  temperature  of  77J  F.  In  Prussia  the  working 
time  of  persons  employed  in  coal  mines  where  the 
temperature  exceeds  82  4°  F.  is  uniformly  limited  by 
law  to  six  hours  a  day. 

Many  experiments  have  been  made  in  order  to 
discover  practicable  means  of  reducing  the  tempera- 
ture in  the  workings.  As  dryness  of  the  air  is  a 
necessary  condition,  cooling  the  air  by  means  of 
spraying  is  practically  inadmissible.  Where  com- 
pressed air  is  used  for  working  coal-cutting  machines, 
the  exhaust  air  has  a  considerable  cooling  effect  in 
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their  immediate  neighbourhood,  and  it  is  possible 
that  in  certain  cases  the  use  of  compressed  air  might 
be  extended.  It  would  appear,  however,  that  the 
best  practicable  means,  according  to  present  know- 
ledge is  increased  ventilation  proportional  to  the 
depth."'—  (Royal  Commission  on  Coal  Supplies),  Tinas 
Engineering  Supplement,  June  16,  1909.      (J.  A.  NY.) 


Reviews  and  New  Books. 

(  We  shall  be  pleased  to  review  any  Scientific  or  Tech- 
nical Work  sent  to  us  for  that  purpose. ) 


Principles  of  Mining.  By  Herbert  C.  Hoover- 
Pp.  199,  illustrated.  6x9  in.  Cloth.  $2.50. 
(New  York  and  London,  1909  :  Hill  Publishing 
Company.) 

"  Contents  :  Valuation  of  copper,  gold,  lead,  silver) 
tin  and  zinc  lode  mines.  Development  of  mines- 
Stoping.  Methods  of  supporting  excavation.  Mecha- 
nical equipment.  Ratio  of  output  to  mine.  Adminis- 
tration. The  amount  of  risk  in  mining  investments. 
The  character,  training,  and  obligations  of  the 
mining  engineering  profession. 

This  book  is  appropriately  entitled  the  '  Principles 
of  Mining  '  because  it  deals  with  the  fundamentals  of 
the  art  from  the  economic  standpoint,  and  that,  of 
course,  is  the  only  reason  why  mining  is  prosecuted 
at  all.  The  great  treatises  that  discuss  in  detail  the 
technics  of  the  art  concern  themselves  with  the 
means  how.  Mr.  Hoover  treats  broadly  of  the 
means  how,  but  confines  himself  chiefly  to  the  reasons 
why,  and  so  far  as  we  are  aware  he  is  the  first  author 
to  take  up  that  elemental  phase  of  the  subject.  It 
has  been  done,  of  course,  in  a  fragmentary  way  in 
contributions  to  the  technical  press  and  the  proceed- 
ings of  the  societies,  but  no  one  previously  lias 
elaborated  a  treatise  upon  it.  It  is  singularly  fortu- 
nate that  Mr.  Hoover  should  be  the  first  to  elect  to 
do  so,  because  we  can  conceive  of  no  one  else  so 
thoroughly  competent  He  is  so  well  known  in  the 
profession  and  in  the  industry  at  large  that  it  is 
unnecessary  for  us  to  expand  respecting  his  capacity. 
It  is  sufficient  for  us  to  say,  and  this  merely  for  the 
information  of  the  laymen,  that  he  is  not  »nly 
eminent  as  an  engineer,  but  also  as  manager  of 
mining  enterprises  of  the  first  magnitude  in  many 
parts  of  the  world.  The  profession  and  everyone 
interested  in  the  mining  industry  are  to  be  congratu- 
lated that  he  has  taken  the  trouble  to  write  this 
book." — The  Engineering  and  Minimi  Journal,  June 
5,  1909,  p.  1149.     (W.  A.  C.) 


Electro-Magnetic  Ore  Separation.  By  <".  God- 
prey  GUNTHER.  Pp.  193,  illustrated.  Price, 
|3.  For  sale  by  The  Minimi  World.  (New 
York  :  Hill  Publishing  Co.) 

"The  author  has  gathered  together  published 
information  on  the  subject,  but  includes  only  such  as 
is  of  present  commercial  importance.  The  theoretical 
principles  are  dealt  with,  and  the  practical  means  by 
which  the  desired  results  are  obtained,  including 
descriptions  of  the  commercially  important  magnetic 
separators,  are  presented.  A  large  portion  of  the 
book  is  devoted  to  actual  practice  in  the  concentra- 
tion of  magnetic  ores  in  different  pan-  of  the  world, 
and  to  various  special   separations.     The  hook  is 

bound   in  cloth  and   well   illustrated."      Tin     Mining 
World  (Chicago),  June  5,  1909,  p.  1081.     (W.  A.  C.) 


MlLLWRIGHTING.  By  JAMKS  F.  HOBART.  Svo., 
pp.,  401.  Illustrated.  Index.  Price  S3.  (New 
York,  1909:  Hill  Publishing  Co.) 

"The  millwright  is  not  a  book-made  man:  his 
skill  is  the  result  of  knowledge  acquired  in  practice  ; 
lib  i-  a  trade.  Hence  any  millwright  will  know 
more  than  any  other  millwright  will  put  into  a  book. 
Rut  no  two  men's  information  is  compressed  within 
the  same  dimensions,  and  Mr.  Hobart  has  given  much 
that  will  help  his  brethren.  He  has  done  his  work 
well,  and  we  commend  especially  the  chapters  on 
Laying  Out  Shafting,  Putting  Pulleys  in  Place,  Belts 
and  Belting,  and  Steam  and  Water  Pipe  Fitting. 
The  discussion  of  foundations,  erection  of  structures, 
and  strength  of  materials  is  too  superficial  to  yield 
more  than  an  occasional  practical  hint."' — Minimi 
n ml  Scientific  Press,  June  5,  1909,  p.  802.  (W.  A.  C.) 

Pioneering.  By  Frederic  Shelford,  B.Sc. 
(Lond.),    M.Inst.  C.E.,    F.R.G.S  ,    F. R.C.I.     3s. 

(London  :  E.  and  F.  N.  Spon,  Limited.) 

"' Pioneering '  is  a  reprint  of  four  articles  which 
appeared  in  Engineering  a  short  time  back,  now 
revised  and  published  in  book  form.  It  is  a  handy 
little  volume,  invaluable  to  the  beginner  about  to 
start  on  his  travels  for  the  first  time,  and  also  useful 
to  the  '  old  stager '  as  serving  to  jog  his  memory 
when  it  again  falls  to  his  lot  to  have  the  fitting  out 
of  another  expedition.  Much  sound  advice  i>  given, 
the  outcome  of  personal  experience.  For  instance, 
it  is  usually  better  '  to  keep  the  cash  box  in  a  fairly 
prominent  position,  but  to  have  only  papers  in  it." 
Again,  he  '  saw  a  man  once  sit  on  a  snake,'  as  to 
winch  we  regret  not  being  told  what  happened  next. 
All  and  more  than  this,  presented  in  brief  language, 
add  a  charm  to  the  book,  which  those  who  are 
interested  can  corroborate  at  their  leisure." — London 
Mmimi  Journal,  June  o,  1909,  p.  702.     (A.  R.) 


Antimony.    By  Chung  Yu  Wang,  M.A.,  B.Sc, 

etc.     (London  :    Charles   Griffin    &    Co.,    Ltd., 
Exeter  Street,  Strand,  W.C.) 

"The  author  remarks  in  his  preface  that  a  metal- 
lurgical work  in  English  by  a  Chinese  author  i-  un- 
usual, but,  as  he  explains,  long  residence  in  English- 
speaking  countries  has  familiarised  him  with  the 
language,  and  certainly  the  work  bears  unimpeach- 
able testimony  to  his  knowledge  of  our  tongue.  In 
any  case,  no  apology  i>  necessary,  for  the  author  bas 

added  to  the  b>t  of tallurgical  works  a  book  which 

stands  alone,  inasmuch  as  there  is  not,  to  our  know- 
ledge, any  other  complete  treatise  on  antimony 
among  all  the  English  textbooks.  The  author  deals 
with  the  metal's  history,  chemistry,  mineralogy, 
geology,  metallurgy,  uses,  preparation,  analysis, 
production,  and  valuation,  and,  moreover,  treats 
these  subjects  in  a  very  interesting  way.  Not  the 
least  instructive  are  the  introductory  chapters  in 

which  the  history  of  the  metal  is  ^i\  en.  and  many  ol 
the  (piaint  notions  which  have  been  held  in  the  past 
concerning  it  are  insti  need.  Following  up  the 
different  phases  to  th  m  dern  treatment  and  applica- 
tion of  antimony  nat  urally  often  necessitates  a  state- 
ment   of    facts    which   are  already   recorded   in  Othet 

works.     For  instance,  the  application  of  antimony  in 

modern  alloys  is  not  dealt  with  as  fully  a-  it  is  in 
some  other  hook-  on  alloys,  hut  Mr.  Wan-  has 
acceptably  Klled  the  many  gaps  that  existed  between 
the  generally  available  information  on  the  subject  of 
antimony."  Iron  and  Coal  Trades  Review,  July  9, 
1909.     (A.  R.) 
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Clerk.  Dugald.  The  Gas,  Petrol  and  Oil  Engine. 
Vol.  I.,  New  and  Revised  Edition.  Svo..  pp.  392. 
Longmans.     Net  12s.  6d. 

Hall.  A.  D.  Fertilisers  in  Manures.  Cr.  Svo., 
xvi.-384.     J.  Murray.     Net  5s. 

Jones,  A.  Clement  and  Bloemfield,  C.  H.  Elemen- 
tary Mechanics  of  Solids  and  Fluids.  Cr.  Svo., 
pp.  38S!     E.  Arnold.     With  Answers.     4s.  6d. 

Matthews,  R.  Borlase.  Electricity  for  Everybody, 
A  Popular  Handbook  dealing  with  the  uses  of  Elec- 
tricity in  Home  and  Business.  12mo.,  pp.  324. 
El*  ctrical  Prt  ss.     Net  5s. 

Moor,  C.  G.,  and  Partridge,  W.  Aids  in  the 
Analys  -  of  Foods  and  Drugs.  3rd  Edition.  (Stu- 
dents' Aids  Series.)  12mo.  Balliere.  Sd.  3s.,  net 
3-.  6d. 

Science  in  Modern  Life.  A  Survey  of  Scientific 
Development,  Discovery  and  Invention  and  their 
Relations  to  Human  Progress  and  Industry.  Prepared 
under  the  Editorship  of  J.  R.  Ainsworth  Davies. 
Vol.  III.,  pp.  xi.-lS7.     Greshatn  Publishing  Co. 

Willis,  J.  C.  Agriculture  in  the  Tropics.  An 
Elementary  Treatise.  Illustrated.  (Cambridge 
Biological  Series.)  8vo.,  pp.  217.  Cambridge  Uni- 
versity Pn  ss.     7s.  6d. 


Selected  Transvaal  Patent  Applications. 

Relating  to  Chemistry,  Metallurgy  and 
Mining. 


Compiled  by  C.  H.  M.  Kisch,  F.M.Chart.Inst.P.A. 
(London),  Johannesburg  (Member). 


(N.B. — In  this  list  (P)  means  provisional  specifica- 
tion, and  (C)  complete  specification.  The  number 
given  is  that  of  the  specification,  the  name  that  of  the 
applicant,  and  the  date  that  of  filing. ) 


(P.)  383/09.  James  Bowmaker  Kerr  Dodds.  Im- 
provements in  mortar  boxes  for  stamp  mills.  21. S.09. 

it'.)  3S4/09.  Georges  Sehauli.  Improvements  in 
and  connected  with  electric  batteries.     23.8.09. 

(P.)  386  09.  John  Acheson  Jones.  An  improved 
tube  mill  liner.     23.8.09. 

(P.)  3S7/09.  Frank  Leonard  Whitmore.  Improve- 
ments in  skip  indicators  for  winding  or  hauling 
plants.     -24  S.09. 

(P.)  388/09.  Charles  Rollin  (1),  The  Hedworth 
Barium  Co.,  Ltd.  (2).  Improvements  in  the  manu- 
facture of  barium  compounds.     2-J  S.09. 

(P.)  389/09.  Walter  Henry  Haisman.  Detach- 
able cam  for  gold  mining  batteries,     27.8.09. 

(P.)  39D  (lib  John  Ache-on  Jones.  A  combined 
cigarette  and  match  packet.     27.8.09. 

(C.)  391/09.  Carl  Emil  Egner  (1),  Johan  Gunhar 
Holmstrom  (2).  Improvements  in  or  relating  to 
telephone  transmitters.     27.8.09. 

(C.)  39209.  Hammersley  Heenan.  Improvements 
in  apparatus  for  cooling  water  or  air.     27.8.09. 

(C.)  393/09.  William  Watts  Bonson.  Dry  ore 
separating  machines.     27.8.09. 

(C.)  395  119.  Georg  Ulbrich.  Improvements 
relating  to  the  separation  of  substances  by  wet  mag- 
netic process.     28  8.09. 

(G.)  396/09.  Georg  Ulbrich.  Process  and  device 
for  dressing  magnetic  materials.     28.8  09. 

1  \\ )  397  09.  James  Bowyer.  Improvements  in 
mean-  tor  diverting  the  pulp  discharged  from  a 
mortar  box  on  to  the  amalgamated  plate  of  an 
adjacent  box.    28.8.09. 


(P.)  398/09.  Ernest  Streich  (1),  Joseph  Trelitz 
(2).  Portable  destillator  constructed  that  the  parts 
can  be  put  into  one  another  for  transport.      28.8.09. 

(P.)  399/09)  .lames  Connolly.  Improvements  in 
metal  and  ore  smelting  furnaces.     30.8.09. 

(P.)  400/09.  William  Calder.  Improvements 
relating  to  teed  dei  ices  for  tube  mills.     1.9.09. 

(P.)  401/09.  James  Miners  Holman  (1),  John 
Leonard  Holman  (2).  Improvements  in  lubricating 
devices  for  rock  drilling  machines.     1.9.09. 

(P.)  402/09.  Frederick  Busching.  Improvements 
in  means  of  disposing  of  mine  residues  on  dumps, 
and  for  other  similar  purposes.     2.9.09. 

(C.)  404/09.  Harry  Edward  Gresham  (1),  George 
Kiernan  (2).  Improvements  in  ejectors  for  vacuum 
brake  apparatus.     3.9.09. 

(C.)  405/09.  Robert  Carlyle  Child.  Improved 
centrifugal  disintegrator.     3.9.09. 

(P.)  406/09.  Frederick  Walter  Cindel.  Device 
for  securing  stamp  heads  and  the  like  to  ~tem>. 
3.9.09. 

(C.)  4ii7  119.  Pereival  Thomas  White  (1),  George 
Robertson  (2).  Tilting  appliance  for  decanting  oils 
and  liquids.     4.9.09. 

(C.)  40S  ii9.  Charles  Irme  Bastian.  Improve 
ments  in  the  method  of  transforming  electrical 
energy  into  heat  energy.     4.9.09. 

(P.)  409/09.  Hairy  Gumpold.  Improvements  in 
explosive  compositions.     4.9.09. 

(C.)  410/09.  John  Turns.  A  compressed  air 
cartridge  for  blasting  and  like  purposes  with  air  and 
water  receiver.     7. 9. 119. 

(P.)  411/09.  Gustavius  Adolphus  Sheeley.  Im- 
provements in  linings  for  tube  mills  and  the  like. 
8.9.09. 

(P.)  412  09.  Harold  Dunsterville  Bain.  Bains 
process  of  extraction  of  gold  slimes  from  zinc  (being 
plate  zinc,  zinc  shavings  or  powdered  zinc).     8.9.09. 

(P.)  413/09.  Charles  Edward  Hutton.  Improve- 
ments in  amalgamating  apparatus.     9.9.09. 

(P.)  414,09.  Charles  Edward  Hutton.  Improve 
ments  relating  to  mortar  boxes  and  amalgamating 
tables.     9.9.09. 

(P.)  415  09.  William  Pearce.  Improvements  in 
brackets  or  means  fur  carrying  foot  wall  rolls  in 
shafts  and  the  like.     9.9.09. 
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Proceeding's 

AT 

Ordinary  General  Meeting, 
October   16,   1909. 


The  Ordinary  General  Meeting  of  the  Society 
was  held  in  the  Lecture  Theatre  of  the  Trans- 
vaal University  College,  on  Saturday  evening, 
October  16tb,  Mr.  A.  McArthur  Johnston  (Presi- 
dent) in  the  chair.     There  were  also  present :  — 

63  Members  :  Dr  J.  Moir,  Messrs.  P.  F. 
Alexander,  K.  L.  Graham,  E.  J.  Laschinger,  A. 
Richardson,  G.  O.  Smart,  Prof.  G.  H.  Stanley, 
A.  Whitby,  H.  A.  White,  Prof.  J.  A.  Wilkinson, 
J.  Littlejohn,  R.  G.  Bevington,  A.  F.  Crosse, 
Prof.  J.  Yates,  H.  A.  Adams,  G.  S.  S.  Anderson, 
F.  W.  Bentley,  E.  Blume,  W.  Broom,  W.  G. 
Brunton,  J.  Chilton,  F.  W.  Cindel  C.  A.  Corder, 
J.  B.  K.  Dodds,  G.  G.  Ferris,  E.  A  Furner,  J.  H. 
Harris,  B.  J.  Hastings,  Dr.  J.  McC.  Henderson, 
S.  A.  Herbert,  C.  B.  Hilliard,  H.  Howard,  A.  J. 
Johnson,  J.  H.  Johnson,  J.  A.  Jones,  T.  W. 
Jordan,  G.  A.  Lawson,  H.  Lea,  II.  Lindsay,  B. 
MacGregor,  J.  W.  Morris,  M.  T.  Murray,  S. 
Newton,  F.  B.  Ogle,  F.  D.  Phillips,  W.  S.  V. 
Price,  J.  Pyles,  O  D.  Boss,  H.  A.  Scarf,  W. 
Sharp,  S.  Shlom,  T.  W.  Simmons,  J.  A.  Smith, 
R.  Stokes,  C.  T.  Sydenham,  J.  A.  Taylor, 
W.  A.  C.  Tayler,  A.  Thomas,  K.  Tonnesen,  C. 
Toombs,  F.  W.  Watson  and  L  J.  Wilmoth. 

13  Associates  and  Students  :  Messrs.  J.  Cronin, 
D.  Dowling,  D.  W.  Greig,  W.  J.  R.  Hunter,  A. 
King,  X.  N.  Newland,  F.  J.  Pooler,  C.  A. 
Robinson,  J.  M.  Robinson,  S.  A.  Smith,  G.  G. 
Thomas,  M.  O.  Tillard,  and  W.  O.  Williams. 

14  Visitors,  and  Fred.  Rowland,  Secretary. 

The  minutes  of  the  previous  meeting,  as 
printed  in  the  September  Journal,  were  confirmed. 

NEW    MEMBERS. 

Messrs.  R.  G.  Bevington  and  F.  I''.  Alexander 
were  appointed  scrutineers,  and  after  their  scrutiny 
of  the  ballot  papers,  the  President  announced  that 


all    the    candidates    for    membership    had    been 
unanimously  elected,  as  follows  : — 

Axdkrson,  Percy,  Durban  Roodepoort  Deep,  Ltd., 
P.  O.  Box  110,  Roodepoort.     Surveyor. 

Butler,  William  Mahony,  Simmer  Deep,  Ltd., 
P.  O.  Box  50,  Germiston.     Cyanider. 

Doyle,  Michael  Joseph,  Ferreira  Deep,  Ltd., 
P.  0.  Box  5977,  Johannesburg.     Cyanider. 

Hesom,  William  Wade,  Sheba  G.  Al.  Co.,  Ltd., 
Eureka.     Amalgamator. 

PlELE,  WILLIAM,  P.  O.  Box  138,  East  Band.  .Min- 
ing Engineer. 

Walsh,  Peter  Arthur,  P.  O.  Box  2473,  Johannes- 
burg.    Engineer. 

Williams,  Walter  Owen,  Meyer  ami  Charlton 
G.  M.  Co.,  Ltd.,  P.  O.  Box  1127,  Johannesburg. 
Cyanide  Manager.  (Transfer  from  Associate 
Roll.) 

The  Secretary  :  Since  the  last  meeting  of 
the  Society  the  following  have  been  admitted  by 
the  Council : — 

A.;  Associates. — 
Barrett,  Sidney  Stephen,  Sheba  G.  M.  Co.,  Ltd., 

Eureka,  Transvaal.     Amalgamator. 

Bridgers,  Marcus  Milton,  sheba  <;.  M.  Co.,  Ltd., 

Eureka,  Transvaal.     Ore  Roaster. 

Clarence,  John  Vaughan  Gerald,   Meyer  ami 

Charlton    G.    M.    Co.,    Ltd,    1'.    ( ).    Box    L127, 

Johannesburg.      Mining    Engineer.     (Transjer 

from  SI mli  al  Hall.  ) 
PASEA,  Arthur  Edward,  Sheba  G    M.  Co.,  Ltd., 

Eureka,  Transvaal.     Yanner  Foreman. 
Ramsden,     Ernest,    Sheba    (;.     M.    Co.,    Ltd, 

"  Bellevue,"  Eureka,  Transvaal.     Cyanider. 
Westwocd,  William,  4,  Central   Road,  Fordsburg. 

( Jyanider. 
Wood,  Sydney,  Sheba  G.  M.  Co.,  Ltd.,    Eureka, 

Transvaal.     Amalgamator. 

As  Students. — 
Bass,   Kenneth  Christian,  Three  Sisters  Mine, 

Barberton.      Assay  Learner. 

Craig,    Arthur    William,   Knights  Deep.   Ltd., 

1'.  o.  Box  143,  Germiston.     Mill  Learner. 
Lotter,  Reginald  Godfrey,  Knights  Deep.  Ltd., 

P.  <  >.  Box  143,  Germiston.    Cyanide  Learner. 
Mi  c  \iii  5ri  ,  Cecil  J.,  Geldenhuis  Deep,  Ltd..  P.  O. 

Box  •">(,  Cleveland.     Cyanide  Learner. 
McNiel,  William,  Wblhuter  G.  M.  Co  .  Ltd.,  !'.  0. 

Box  1160,  Johannesburg.     Cyanide  I. earner. 
Robinson,  John  Martyn,  Robinson  Deep  G.   m. 

Co.,  Ltd..  V.  o.  Box  1488,  Johannesburg.     Tube 

Mill  Learner. 


122 


The  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.  Oct.  1909 


General  Business, 
the  society's  journal,  volume  ix. 

The  Secretary  announced  that  the  binding 
covers  for  Vol.  IX.  of  the  Journal  avere  expected 
that  week,  and  that  members  who  desired  to  have 
their  copies  bound  should  send  them  in  to  him 
as  soon  as  possible.  The  price  of  binding  covers 
was  3s.  6d.,  but  if  the  Journal  were  sent  in  to 
be  bound,  the  inclusive  price  would  be  6s.  per 
volume,  and  Is.  extra  if  necessary  to  post 
the  volume  to  members  on  completion. 

He  had  received  from  a  member  in  Rhodesia, 
the  following  : — 

A    SUGGESTION    RELATING    TO    THE    VALUING    OF 
GOLD    MINES. 

Mr.  R.  A.  Wade  (Member):  In  order  to  simplify 
all  calculations  of  the  number  of  tons  of  ore  in 
blocks  of  ground,  and  also  take  the  dip  of  the 
reef  into  account  as  affecting  the  payability  of  a 
block  of  ground,  I  wish  to  suggest  the  measure- 
ment of  reef  widths  vertically  instead  of  at  right 
angles  to  the  dip.  By  this  method  to  calculate 
the  tonnage  in  a  block  of  ground  the  horizontal 
area  x  the  vertical  width  of  the  reef  is  a  simpler 
and  more  accurate  method  than  the  one  at 
present  in  use.  By  this  method  the  steeper  the 
stope  the  greater  its  width,  the  assay  value 
remaining  the  same  as  before.  The  question 
whether  a  stope  is  payable  or  not  certainly  is 
affected  by  its  clip  in  some  cases,  but  this  is  not 
considered  in  the  present  method  of  valuing  a 
mine. 

LEAVE    OF    ABSENCE. 

The  President  :  I  have  been  fortunate  in 
securing  leave  of  absence,  and  the  Council  has 
given  me  permission  to  hand  over  the  affairs  of 
the  Society  during  that  time  to  our  Vice-Presi- 
dents. I  may  say  that  Dr.  Moir  will  take  the 
chair  at  the  next  meeting,  Mr.  Dowling  at  the 
meeting  following,  and  Mr.  Saner  at  the  third 
meeting. 

THE  BABBERTON  GOLDFIELD. 

By  A.  Richardson,  M.I.M.M.  (Member  of 
Council). 

GeograjJiy. — Barberton  is  situated  at  the  south- 
eastern extremity  of  the  Kaap  Valley  at  the  foot 
of  the  Makongwa  mountains,  which  form  the 
northern  boundary  of  Swaziland,  and  is  by  rail 
283  miles  east  of  Pretoria  and  136  miles  west  of 
Lourenco  Marques,  being  the  terminus  of  a  short 
branch  from  the  main  line  at  Kaapmuiden.  The 
Kaap  Valley  is  a  circular  basin  with  a  diameter 
of  roughly  30  miles,  the  floor  of  the  basin  having 
a  mean  altitude  of  2,500  ft.   above    sea  level, 


whilst  the  almost  unbroken  rim  of  mountains 
rises  abruptly  in  places  3,000  ft.  above  it.  The 
valley  i.s  drained  by  three  rivers,  the  North 
Kaap,  South  Kaap  and  Queen's,  the  two  last 
soon  uniting  and  joining  the  first  near  Noordkaap 
Station,  proceeding  on  from  there  as  the  Queen's 
River. 

History. — -The  occurrence  of  alluvial  gold  in 
the  Kaap  Valley  was  first  reported  in  1875,  and 
in  1882  several  hundred  diggers  were  at  work  on 
the  Kantoor  and  in  the  creeks  in  the  vicinity, 
whose  numbers,  owing  to  rich  finds,  rabidly 
increased  until  in  1884  there  were  2,000  diggers 
scattered  over  the  De  Kaap  district,  finding  gold 
everywhere  and  content  to  leave  reef  possibilities 
disregarded.  However,  some  of  the  more 
enlightened  began  to  prosecute  a  search  for 
reefs,  with  the  result  that  one  of  the  brothers 
Barber  discovered  one  at  the  back  of  what 
is  now  the  town  bearing  his  name,  or  as 
the  then  Mining  Commissioner  describes  it : 
"So  in  February,  1884,  in  the.  presence 
of  several  diggers,  I  broke  a  bottle  of  gin — 
champagne  being  unobtainable — on  the  rock 
containing  the  gold-bearing  quartz  and  named 
the  prospective  township  Barberton  after  the 
discoverers  of  the  reef."*  The  Umv  )ti  Reef 
was  found  the  next  day,  and  later  on  followed 
the  discovery  by  Edwin  Bray  of  what  was  truly 
named  "  The  Golden  Quarry,"  the  outcrop  of  the 
Sheba  Reef.  The  Sheba  Gold  Mining  Com- 
pany was  floated  in  1886  with  a  nominal 
capital  of  £15,000  in  £1  shares,  and  the  first 
crushings  returned  8  oz.  over  the  plates,  the 
tailings  going  another  4  oz.f  On  the  'strength  of 
this  the  shares  rose  to  £120,  and  anything  in  the 
shape  of  a  reef  in  the  district  was  readily  floated 
by  company  promoters  for  capitals  varying  from 
£10,000  to  £500,000,  and  .shares  in  many  of  these 
"  mines,"  with  the  grass  roots  still  undisturbed, 
ran  up  to  twenty  or  thirty  times  their  nominal 
value.  Disillusionment  quickly  followed,  and 
the  population  of  the  town,  which  had  risen 
from  1,000  in  1885  to  10,000  in  1886,  rapidly 
dwindled  again,  many  going  to  the  Hand,  then 
just  discovered.  Although  the  history  of 
Barberton  district  may  be  said  to  have  begun 
with  the  diggers  of  1882  there  were  many 
evidences  discovered  by  them,  such  as  the 
remains  of  properly  graded  roads,  mining  works, 
and  old  smelting  pits  containing  small  quantities 
of  smelted  gold,  suggesting  an  Arabic  civilization 
of  pre-Mahommedan  date,  and  also  old  workings 
probably  of  kafir  origin  of  a  few  generations 
back.f  It  is  highly  probable  that  the  operations 
of  some  earlier  race,  of  which  we  have  only  the 
faintest   records    to-day,    may  in   some   measure 

*  David  Mackav  Wilson.  "Behind  the  Scenes  in  the  Transvaal." 
t  T.  Reunert     "Diamonds  and  Gold  in  .South  Africa." 
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account  for  the   comparative   poverty  of  modern 
South  Africa  in  alluvial  auriferous  deposits. 

Geology. — The  district  lies  in  what  is  known 
as  the  Swaziland  System,  a  system  that  extends 
from  the  Pietersburg  district  round  the  eastern 
Transvaal  to  the  north  of  Vryheid,  and  over 
much  of  Rhodesia  and  Manicaland,  It  consists 
of  intrusive  biotite-granite,  schists,  slates,  shales, 
quartzites,  sandstones  and  conglomerates,  all 
traversed  by  numerous  diabase  dykes.  The  basin 
of  the  Kaap  Valley  is  made  up  of  this  granite, 
while  the  upturned  edges  consist  of  the  other 
rocks  mentioned,  the  schists  being  next  the 
granite.  All  these  sedimentary  and  metamorphic 
rocks  dip  at  steep  angles  away  from  the  granite, 
and  have  a  strike  tangential  to  its  periphery. 
The  numerous  long  serrated  ridges  which  break 
np  the  floor  of  the  valley  are  composed  of  diabase, 
the  most  prominent  instance  forming  the  Devil's 
Knuckles.  On  the  west  the  series  is  overlaid 
uncomformably  by  the  Hat-lying  Kantoor  saud- 
stones  of  the  Black  Reef  series  and  the  lower 
beds  of  the  Dolomite  Series.  The  strata  on  the 
north  and  south  of  the  valley  join  together  on 
the  east  and  swing  sharply  off  in  that  direction 
to  the  vicinity  of  Komati  Poort  ;  this  bend  to  the 
east  takes  place  just  west  of  the  Sheba. 

The  succession  of  strata  is  well  exemplified  along 
the  bridle  path  from  Barberton  to  Pigg's  Peak,  and 
has  been  worked  out  by  A.  L.  Hall,*  from  whose 
account  the  following  description  is  taken. 
Leaving  the  granite  the  lower  slopes  above 
Barberton  begin  with  vertical,  soft,  probably 
igneous,  schists,  containing  a  thin  calcareous 
band  ;  then  follow  very  hard  highly  sheared 
green  quartzites  ;  these  and  grey  or  pale  red 
phyllitic  beds  extend  as  far  as  the  blockhouse, 
and  after  them  come  softer  quartzites  to  the 
summit  of  the  first  and  highest  range.  The 
higher  portions  of  this  range  are  formed  of  dark- 
coloured  quartzites  with  coarse  conglomerates 
made  no  of  cherty  quartzitic  pebbles  ;  after  these 
(■nine  soft  reddish  ferruginous  shaley  beds  to  the 
Lomati  River,  beyond  which  the  second  range 
consists  of  massive  quartzites  containing  pebbly 
bands,  near  the  Little  Lomati  Liver.  The  ascenl 
to  the  "  Zig  Zag"  traverses  altered  shales  and 
schistose  quartzites  which  change  into  arenaceous 
rocks  righl  up  to  "  Heights,"  about  halfway  to 
Pigg's  Peak.  Just  beyond  "  Heights  "  a  small 
granite  intrusion  comes  in,  then  a  conspicuous 
banded  chert  bar,  followed  by  banded  ironstones 
with  red  jasper  bands,  then  coarse  conglomerate 
at  the  Devil's  Bridge  ;  from  here  to  the  hill  o\ei 
looking  Pigg's  Peak  greyish  quartzite  with  hands 
of    sheared    green   quartzite  predominates,  then 
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connection  with  thai  of  M lies,  near  Barberton.    Trans. 
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banded  ironstone  and  then  a  ridge  of  sheared 
conglomerates  and  sheared  grits.  This  succession 
of  strata  occupies  some  25  miles ;  the  dip  is  to 
the  south-east,  and  varies  from  vertical  at  each 
end  to  70*  in  the  central  portions.  Mr. 
Hall  mentions  a  calcareous  band,  which  is  note- 
worthy, as  the  formation  generally  is  character- 
ised by  the  great  preponderance  of  silica  and 
the    almost  entire  absence  of  lime. 

A    portion    of    the    field,    on     Moodies,   lying 
about  eight  miles  west  of  the  town  has  been  the 
scene  from  time  to   time  of  considerable  mining 
activity,  and  a  section,  from  north  to  south,  across 
the  formation  at  this  point  is  here  given.    Fig.  1. 
(seep.  124).  After  leaving  the  granite  of  the  Kaap 
Valley,  schists  and  shales  occupying  a  width  of 
2\  miles  are   traversed  ;   these  dip  87  deg.  south 
and  form  the  foot  hills  of  the  range  rising  to  an 
elevation    of    4,500   ft.   above    sea    level.      The 
talcose    argillaceous    schists    which    make   up  the 
greater  part  of  this  series  contain   some  narrow 
beds   of  chloritic   schist,  and   are  separated  from 
the    overlying    shales    and    slates    by  a  massive 
quartzite  bar,  in   places   300  yards  wide,  which 
can    be    traced    through    the    country  for  many 
miles.      The   shales   and  slates  have  a  width   of 
some  600  yards  and  a  vertical  dip.      Following 
on    this  is  a   belt  of  quartzitic  sandstone  about 
900  yards  wide,  bounded  on  the  south  by  a  in;i- 
of  conglomerates  and  hard  ribbon  quartzites  some 
600  to  900  yards  wide,  which  forms  the  backbone 
of  the  range,  and  rises  not  far   west    of  the   point 
of  section   to  an  extreme  elevati 
above    set    level.     This    ribbon  quartzite  is  th 
magnetite-quartzite-slate  or  "  calico-rock,"  a  very 
characteristic  feature  of  the  Swaziland    system. 
South   of  this  is  another  belt  of  talcose  argilla- 
ceous schist,  which  is  the  last  of  the  series  in  w  bicfa 
gold  has  been  found  in  payable  quantities,  in  fact 
one  may  say  that   the  succeeding  series  of  sand- 
stones,conglomerates  and  quartzites,  which  cover  a 
distance  of  some   four  or   five    miles,  are  barren. 
The  granite  is  seamed  with  veins  of  hard  white 
glassy    quartz    which    are    rarely    auriferous,    and 
though  some    -old    has    been    taken    out  of    them 
they    may    be    classified    as     gash      veins     of 
very   little    economic    importance.        In    the   first 
belt    of   schists    there    ate    several    interbedded 
gold  bearing   quart/,    reefs    varying   in    thickness 
from    a    few    inches    up   to  several    feet,   and  in 
colour  from  pure  white  through  all  the  shades  of 
grej  to  black.       The   gold    occurs    in    irregular 
patches  and  lenses  more   rarely   in    well  defined 
>hoots  with  a  regular  dip.      This  irregularity  is 
characteristic  of  the    district,    and    adds  consider- 
ably to  the   element    of   chance    with    which   gold 
mining  is  there  associated.       Many  of  these  feefs 
may  be  traced  lor  miles,  bul  they  only  carry  gold 
in   short    sections,    rarely   more   than    200  ft.   in 


124 


The  Journal  of  The,  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.  Oct.  1909 


A— +-- 

k-  - 


B  -  - 


3600   - 

Fig.  I. 


—  G,  - 

flooo 


A.— Granite. 

B.— Schists. 

C. — Quartzite. 

D.  —Shales  and  Slates. 


I         I 

>|*cj«-  D  -4—  E  — *-  F 

-  •-    .kooli600>|«-  BOO-+^7SO»i< 1500    -4< 

Section  across  Moodies. 

E. — Quaitzitic  Sandstone. 
F. — Conglomerates  and  Quartzites. 
G.—  Sandstones,   Conglomerates  and  Quartz- 
ites. 
Figures  show  widths  in  yards. 


length,  so  that  the  reef  may  be  sampled  over  a. 
considerable  length  and  yet  the  rich  portions 
missed.  This  restriction  seriously  affects  de- 
velopment costs,  as  the  poorer  portions  between 
the  shoots  may  not  be  worth  milling.  The 
Pioneer  Reef  is  a  white,  opaque,  granular 
quartz  reef  bedded  in  chloritic  schist ;  it 
varies  in  width  from  a  mere  parting  to  6  ft., 
and  is  of  a  very  free-milling  nature.  A  notice- 
able feature  of  this  reef  is  that  where  the 
country  is  highly  metamorphosed  the  reef  splits 
up  into  stringers  and  rarely  carries  any  values. 
In  the  shales  next  to  the  quartzite  bar  the 
principal  gold  carrier  is  the  Ivy  Reef,  a  dark 
grey  to  black  quartz  reef  with  the  gold  occurring 
in  well  defined  shoots  ;  the  width  varies  from  a 
few  inches  to  two  feet.  This  reef  has  been 
exploited  to  a  depth  of  900  ft.  below  the  out- 
crop, and  the  shoots  are  found  to  maintain  their 
regularity  and  value.  The  reefs  in  the  next  belt 
consist  of  veins  of  quartz  in  quartzite,  which 
passes  by  insensible  gradations  into  soft  sand- 
stone; they  are  never  of  any  size,  and  have  not, 
in  this  neighbourhood,  been  worked  to  a  greater 
depth  than  400  ft.  below  the  outcrop  :  where, 
however,  a  mass  of  stringers  has  been  found  in 
the  sandstone  the  country  rock  has  carried  high 
values  and  stopes  15  ft.  wide  with  ore  going  an 
ounce  to  the  ton  have  been  taken  out.  These 
reefs  follow  the  planes  of  stratification  in  the 
quartzite,  and  although  cross  leads  are  found  they 
are  not  numerous  and  only  occasionally  show 
local  enrichment.  The  belt  of  conglomerates 
and  ribbon  quartzites  which  lies  to  the  south  of 
this  series  nowhere  in   this  section  carries  gold 


in  payable  quantities.  From  traces  up  to  2  dwt. 
have  been  found  in  the  conglomerate,  but 
nothing  to  tempt  anyone  to  do  any  work  on  it. 
The  first  mass  of  conglomerate  is  in  places  200  ft. 
thick  and  composed  of  large  irregular  pebbles  of 
chert,  jasper,  &c,  in  a  coarse  matrix.  In  the 
second  belt  of  talcose  schist,  which  is  about  1,500 
yards  wide,  only  one  reef  of  any  importance  has 
been  found  :  this  is  known  as  the  Brighton  reef, 
and  has  had  very  little  work  done  on  it.  It  is  a 
reef  of  grey  quartz  running  from  a  foot  up  to 
several  feet  in  thickness,  and  carrying  from  a 
few  dwts.  to  3  or  4  ozs.  Portions  of  it  are 
free-milling,  but  these  often  give  place  to  large 
black  ferruginous  pockets  several  feet  wide  and 
carrying  low  values. 

All  this  series  from  the  southern  schist  belt  to 
the  granite  have  been  subjected  to  the  intrusion 
of  numerous  diabase  dykes,  and  it  is  noteworthy 
that  these  are  absent  from  the  barren  series  of  sand- 
stones, quartzites,  and  conglomerates  lying  to  the 
south  of  the  second  belt  of  schists.  These  dykes 
have  a  general  S.E. — N.W.  strike,  a  vertical  dip, 
and  are  sometimes  as  much  as  150  ft.  thick. 

There  is  a  peculiar  occurrence  of  alluvial  gold 
near  here,  at  the  head  of  the  valley,  above  the 
office  of  Moodies  G.  M.  &  E.  Co.  The  valley 
terminates  in  a  neck,  and  just  below  this  there  is 
a  diabase  intrusion,  the  result  being  a  shallow 
basin,  roughly,  1,000  ft.  in  diameter,  the  bottom 
of  which  is  filled  with  a  black  clay  varying  in 
depth  from  nothing  at  the  sides  to  12  ft.  in  the 
deepest  part.  The  gold  occurs  on  the  bed  rock 
below  this  clay,  and  the  closest  search  all  over 
this  small  area  has  failed  to  reveal  any  source 
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from  which  the  gold  could  have  been  derived. 
A  few  miles  to  the  west  of  this  section  is  the 
Mount  Morgan  mine,  noted  throughout  the  dis- 
trict for  the  refractory  nature  of  its  ore.  The 
reef  here  consists  of  a  body  of  dark  quartz 
stringers  generally  in  black  shale,  sometimes  in 
grey  quartzite.  The  ore  is  highly  pyritic,  con- 
taining iron  and  arsenical  pyrites  and  dissemi- 
nated graphite. 

To  the  east  of  the  section  is  the  Rosetta  Sheba, 
which  is  now  being  actively  developed :  this, 
from  north  to  south,  shows  the  following  succes- 
sion : — Shale  and  schist,  white  reef,  2  ft.  to  1 7  ft. 
thick,  chloritic  schist  20  ft.  to  40  ft.  thick  with 
white  quartz  stringers  of  no  value,  blue  reef 
15  in.  to  about  60  ft.  wide,  then  shale  and 
schist  again.  The  White  reef  contains  copper 
salts  and  galena,  and  the  Blue  reef  bands  of 
galena,  copper  salts  and  graphite  in  films,  pockets, 
and  grains,  but  chiefly  on  the  south  wall,  in 
veins  from  1  in.  to  1  ft.  thick.  These  reefs  dip 
with  the  strata  80°  south.  Just  to  the  west  of 
the  town  lie  the  Moodies  Fortuna  and  Abbott's, 
the  former  working  a  free-milling  grey  quartz 
containing  some  magnetite,  and  the  latter  a  white 
•quartz  which  at  50  ft.  from  surface  shows,  in 
order  of  importance,  copper  pyrites,  limonite, 
copper  glance,  and  copper  carbonate. 

At  the  back  of  the  Market  Square  is  the 
Thornton-Little  working  a  reef  2  ft.  or  3  ft.  wide 
consisting  of  ramifications  of  black  quartz  in 
quartzite  somewhat  resembling  that  of  the  Sheba 
in  structure.  To  the  east  are  the  Elephant's 
Kloof,  Kidson,  and  several  others,  and  beyond 
them  the  famous  Sheba,  12  miles  away.  As  the 
•  Sheba  has  been  milling  longer  than  any  other  mine 
in  South  Africa,  and  as  it  is  undoubtedly  one  of 
the  most  interesting  mines  in  the  world,  it  merits 
a  somewhat  extended  description.  The  ace.  mm 
panying  cross-section,  Fig.  2,  explains  the  forma- 
tion and  the  relative  positions  of  the  ore  bodies. 
It  will  be  noticed  that  there  are  three  beds  of 
quartzite  known  respectively  as  the  Sheba  Bar, 
■the  Southern  Cross  Bar,  or  Zwaartkopje  North 
Bar,  and  the  Zwaartkopje  Bar,  and  all  the  rich 
deposits  of  the  mine  are  associated  with  one  or 
other  of  these  quartzite  bars:  it  is  also  note- 
worthy that  all  the  reefs  lie  in  a  zone  defined  by 
a  series  of  diabase  dykes  crossing  the  strata  in  a 
:general  N.N.E. — S.S.W.  direction.  Starting  al 
the  north  of  the  section,  there  are  in  the 
shales,  slates,  and  schist,  a  series  of  mineralised 
fracture  planes  striking  in  no  particular  direction 
and  of  low  grade  and  erratic  nature.  These  are 
represented  by  the  Eureka,  Mamba  and  Margaret 
rei  Is.  The  Sheba  reef  is  a  crushed  or  sheared 
quartzite,  the  planes  of  fracture  being  recemen ted 
with  secondary  white  and  black  quartz,  the  black 
being  the  eold  carrier  while  the  white  is  barren. 


Fig  Section  tu  ross  the  Sheba  Mini .  v-  all  i   n.    920  it. 
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The  dark  colour  of  this  quartz  has  been  attribute  I 
to  the  presence  of  bituminous  particles,*  but  a 
more  probable  explanation  is  that  of  total  internal 
reflection  from  strain  surfaces.  The  presence  of 
quartz  of  two  different  colours,  one  "rich  in  gold 
and  the  other  barren,  is  due  probably  to  there 
being  two  periods  of  movement  and  silicious 
deposition.  In  the  first  the  auriferous  quartz 
was  deposited,  and  in  the  second  the  newer 
barren  white  quartz,  while  at  the  same  time  the 
auriferous  quartz  was  subjected  to  considerable 
pressure,  leading  to  the  development  in  it  of  a 
multitude  of  strain  surfaces.  A  similar  pheno- 
menon has  been  observed  in  the  quartz  of  the 
Dharwarian  series  of  the  Kolar  held  and  the 
Hutti  mines  of  India,  a  series  the  geological 
features  of  which  closely  resemble  those  of  the 
Barberton  formation.*  This  quartzite  of  the 
Sheba  reef  is  continuous  on  either  side  but  the 
gold  is  only  in  the  shoot.  The  stoping  width 
reaches  as  much  as  100  ft,  but  is  generally 
about  30,  while  the  length  along  the  strike  below 
the  quarry  varies  from  250  ft.  at  the  upper  to 
110  ft.  at  the  lower  levels.  This  shoot  has  been 
worked  for  a  distance  of  over  1,300  ft.  on  a  dip 
of  55°  to  the  16th  level,  below  which  it  is  unpay- 
able. The  Insimbi  reef  is  a  quartz  body  in  a 
hs-u'-e  striking  to  the  north-west  from  the 
N.  Z.  K.  Bar  through  the  shales  and  slates. 
The  Zwaartkopje  ore  body  is  a  quartz  spur  from 
the  footwall  of  the  Z.  K.  Bar,  and  though  rich  at 
the  liar  the  values  gradually  disappear  as  it 
penetrates  into  the  underlying  strata.  North  of 
the  Sheba  there  are  numerous  cross  veins,  some 
of  which  form  rich  cross  leads  in  Thomas'  bar  as 
at  Joe's  Luck  mine.  This  is  one  of  the  few 
instance-;  where  these  cross  veins  have  proved 
i  le, 
In  the  North  Kaap  and  Jamestown  districts 
there  ate  several  interesting  deposits.  The 
Verdite  is  working  a  lenticular  reef  of  steatite 
which        lift,    wide   in   one  place,  the  hanging- 

Bordeaux.      Etudes  sui  \m\  ifei  es  de 

i  aap  i-t  du  Charterland,      Annates  des  Mines, 

vol.  \i.,  li-'.'T. 

nhii   Maclaren.     Gold:    li^  Geological    Occurrence 
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wall  being  diabase  and  the  footwall  talc  schist  : 
this  reef  contains  some  arsenic,  antimony,  cobalt 
and  nickel,  becoming  refractory  in  places.  Its 
dip  is  80"  and  it  strikes  with  the  formation. 
The  Verdite  gold  mine  is  several  miles  from  the 
original  discovery  of  Verdite  stone,  the  name 
being  kept  on  when  the  present  gold  claims  were 
acquired.  Verdite  stone  is  one  of  the  monoclinic 
micas,  Fuchsite,  its  beautiful  green  colour  being 
due  to  the  presence  of  oxide  of  chromium  to  the 
extent  of  from  1-4%.  The  chief  mine  in  this 
locality,  or  at  the  present  time  in  the  whole 
district,  is  the  Worcester.  Here  the  country 
rock  enclosing  the  reef  is  composed  of  chloritic 
schist  and  dips  70°  in  a  N.  E.  direction.  The 
principal  ore  body  in  the  mine  (see  Fig.  3)  has 
been  opened  up  on  the  500  ft.  level  over  a  length 
of  850  ft.,  carrying  payable  values  over  practic- 
ally the  whole  distance,  but  not  over  the  full 
width  at  all  points  ;  the  width  of  the  reef  at  the 
main  shaft  on  this  level  is  40  ft.,  and  this  gradu- 
ally narrows  down  to  the  S.E.,  until  at  a  distance 
of  250  ft.  from  the  shaft  it  is  only  6  in.  wide. 
The  width  at  150  ft.  N.W.  of  the  shaft  is  60  ft,, 
and  beyond  this  point  at  250  ft,  the  body  splits 
up,  stoping  being  done  on  the  hanging-wall 
portion  only,  the  footwall  portion  being  unpay- 
able. The  width  of  the  reef  at  the  face  of  the 
N.  W.  drive,  which  is  still  being  driven,  is  20  ft. 
Although  payable  rock  is  found  throughout  the 
whole  length  of  the  body  rich  shoots  occur 
extending  over  a  length  of  100  to  200  ft.  and 
dipping  in  a  N.  W.  direction. 

The  following  two  typical  examples  show  the 
distribution  of  values  from  wall  to  wall  : — 

Footwall.— 2'  (a  20,  2'  (a  30,  2'  (a  1-5,  2'  (S 
25-0,  2'  Qr  4-5,  2'  @  15,  2'  (a  25,  2'  Qr  18'5, 
2'  (a  22-0,  2'  (a  3'5,  2'  (a  90,  2'  @  13-5,  2'  @ 
2"0.     Hanging-wall. 

Footwall.— 2'  Qi  10-5,  2'  («  12  0,  2'  (g;  160, 
2'  @  4  5,  2'  @  3-0,  2'  @  3-0,  2'  @  26'0,  2'  @  13'0, 
•2"  (a  1-5,  2'  f"  7-0,  2'  (a  10-0,  2'  @  35,  2'@  180. 
Hanging-wall. 

About  30  miles  east  of  Barberton,  at  Louw's 
Creek,  is  the  Three  Sisters  mine,  one  of  the  most 
beautifully  situated  as   well   as  one  of  the  most 
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Flo.  III.-  Sectional  Plan  of  Ore  Body  at  the  500  ft.  Level  of  the  "Worcester  Mine. 
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interesting  geologically.  This  mine  takes  its 
name  from  three  bold  conglomerate  mountains 
which  hem  it  in  on  one  side  of  the  creek,  and 
from  the  top  of  any  one  of  which  magnificent 
panoramic  views  can  be  obtained.  This  con- 
glomerate, which  has  received  a  very  huge 
development  at  this  point,  on  both  sides  of  the 
valley,  is  a  highly  indurated  schistose  rock 
showing  few  signs  of  weathering  even  on  the 
highest  summits  :  the  matrix  is  a  coarse  grit 
and  the  pebbles,  which  are  small,  are  so  severely 
flattened  and  crushed  as  to  give  it  the  appearance 
of  a  breccia.  The  reefs  at  present  worked  are  in 
a  foothill  which  butts  up  against  the  mountains 
at  the  head  of  the  valley  forming  a  tongue 
running  down  into  it,  the  axis  of  the  hill  being 
roughly  N.E. — S.W.  A  section  across  it  from 
the  northern  side  gives  first  green  slate  dipping 
80°  S.  E.,  then  talcose  schist,  and  finally  green 
slate  again.  The  northern  slate  contains  a  reef 
of  which  a  section  is  shewn  in  Fig.  4.     This  reef 


Fig.  IV. — Section  across  N.  Slate  Reef,  Three  Sisters 
Mine. 
A. — Country  Rock  of  Green  Slate. 
B.— Chloritic  Schist,  30  ft. 
C— C.  Quartz  Schist,  2£  tt. 
D. — Honeycombed  Quartz,  3  in. 
E. — Limonite,  2  in. 

is  a  quartz  schist  with  numerous  quartz  lamina' 
(several  to  the  inch),  sericite  partings  and 
scattered  iron  pyrites.  The  talcose  schist 
contains  several  white  quartz  reefs  and  leaders. 
The  reefs,  which  vary  in  thickness  from  a  few 
inches  to  16  ft.,  dip  generally  80°  S.  E.,  conform- 
ably with  the  foliations  of  the  schist.  These 
reefs  contain  chlorite,  calcium  and  magnesium 
carbonate,  some  silicate,  and  a  little  strontium. 
Crossing  these  at  fairly  regular  intervals  are 
white  quartz  leaders  1  in.  to  S  in.  thick,  whose 
strike  is  slightly  inclined  to  that  of  the  reels. 
These  leaders  dip  45°  N.  W.  across  the  formation, 
and  have  a  peculiar  wavy  appearance  in  cross 
section,  the  distance  from  wave  to  wave  being 
18  ins.  and  from  trough  to  crest  12  ins.  as  a 
general  average  ;  where  they  cut  through  the 
white  quartz  reefs  there  is  no  disturbance  or 
faulting  and  no  local  enrichment.  In  the 
southern  slate  is  a  wide  reef  consisting  of  grey 
quartz  with  iron  pyrites  in  numerous  thin  bands 
which   give  a  lamellar  appearance  to  the  rock. 


These  reefs  in  the  slate  are  very  pyritic  and 
contain  a  high  percentage  of  silver.  The  white 
quartz  reefs  are  free-milling  and  the  leaders 
particularly  so,  the  bullion  obtained  from  them 
being  very  pure. 

This  slight  geological  sketch  would  not  be 
complete  without  some  reference  to  the  mines 
of  Barrett's  Berlin  and  Coetzeestroom  on  the 
Kantoor,  near  Kaapsche  Hoop.  These  are 
quasi-reef  deposits  consisting  of  irregular  quartz 
veins,  bunches  and  stringers,  in  a  soft  rock 
Avhich  is  the  result  of  the  decomposition  of  the 
lower  beds  of  dolomite.  .Sometimes  the  quartz 
carries  the  gold  and  sometimes  the  rock  above 
and  below  to  the  extent  of  a  few  feet.  The 
workings  of  the  former  mine  are  30  feet  above 
the  Kantoor  sandstone,  on  which  the  dolomite 
rests,  and  the  workings  of  the  latter  are  80  above 
the  same  horizon.*  Alluvial  is  still  worked  to  a 
slight  extent  on  the  Kantoor  in  and  a  few  feet 
under  the  surface  ;  this  gold  originated  probably 
from  the  disintegration  of  the  lower  dolomite 
beds.  The  "President"  nugget,  weighing  187 
oz.,  was  found  here  in  1887  six  inches  below  the 
surface.  Generally  speaking  the  alluvial  eithei 
here,  on  Moodies,  or  at  Jamestown,  only  holds 
out  possibilities  of  wages  ;  the  ancient  race  thai 
worked  this  alluvial  gold  probably  skimmed 
most  of  the  cream  off,  and  the  diggers  of  the  80's 
cleaned  up  what  was  left. 

Pros2iecting. — Although  most  of  the  properties 
on  which  development  was  done  in  the  early  days 
are  now  held  or  being  worked  by  tributors  and 
small  syndicates,  the  district  has  by  no  means 
been  adequately  prospected,  difficulties  of  trans 
port  standing  much  in  the  way.  During  the 
summer  months  the  grass  in  the  low-lying  parts 
would  interfere  considerably,  as  also  probably 
would  the  rain  and  the  hot  relaxing  climate,  but 
in  the  winter  months  the  climate  is  a  perfeel 
one,  and  the  grass  tires  lay  the  formation  bare. 
Being  a  mountainous  district  with  extensive 
foothills  and  ravines  good  sections  and  exposures 
can  generally  be  got,  and  although  plenty  of 
chipping  and  scratching  has  been  done  every 
when-  there  is  still  scope  for  the  man  with  a  good 
eye  for  a  reef.  In  prospecting,  as  indeed  in 
much  other  work,  the  ignoring  of  the  obvious 
has  led  to  the  disregard  of  many  signil 
indications.  This  has  been  exemplified  in  all 
mining  countries,  so  a  few  Barberton  Qlustra 
tions  will  suffice.  In  the  Sheba  section  (see 
Fig.  2)  the  rich  portion  of  the  outciop  of  the 
Zwaartkopje    Bar,    which   when    found    showed 

nuggety   gold    freely    and    stood    oul    above    the 

surrounding  surface,  and  from  which  a  Lot  of  100 
tons  went  23  OZ.  to  the  ton,  lay  for  nearly  ten  years 

•A.  I..  Ball,  Transvaal  Mines  Department:    Report  of  the 
Geological  Survey  for  the  year  1905. 
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with  the  Sheba  battery  crushing  close  to  it  just 
over  the  other  side  of  the  hill.  Another  case 
was  that  of  a  reef  discovered  on  the  Swaziland 
bridle  path  close  to  Barberton  in  1896.  This 
reef,  which  crosses  the  path  at  right  angles, 
owing  to  its  superior  weathering  qualities  formed 
an  awkward  step  for  horses  and  a  bit  of  a 
scramble  for  human  beings,  and  yet  it  was  ten  years 
before  anyone  observed  that  where  it  crossed  the 
path  it  carried  "  visible  "  freely.  Another"  case 
was  the  finding  within  the  last  two  years  of  a  reef 
within  a  few  hundred  yards  of  two  established 
mines  and  an  hotel,  which  from  time  to  time  had 
been  the  point  of  call  of  numerous  prospectors. 
This  was  discovered  by  its  present  owner  who 
while  in  the  course  of  a  Sunday  afternoon  stroll 
stopped  to  admire  the  scenery,  a  commendable 
proceeding  in  this  hilly  country,  and  kicked  a 
projecting  knob  of  quartz  off  and  found  it  to 
•contain  visible  gold.  One  good. way  of  prospect- 
ing is  to  follow  up  a  road  party.  A  reef  was 
discovered  recently  in  this  way  from  which  a 
trial  consignment  of  about  1,500  lbs.  yielded 
125-35  oz.  per  ton. 

To  acquire  claims  the  simplest  way  is  first  to 
consult  the  Government  maps,  which  are  compiled 
by  the  Surveyor-General  and  the  Register  of 
Mining  Eights :  these  can  be  bought,  the  price 
ranging  from  3s.  6d.  to  10s.  6d.,  or  can  be 
•consulted  at  any  Government  Mining  Office ; 
then  to  find  out  whether  the  particular  piece  of 
ground  is  open  for  pegging  or  not  consult  the 
compilation  plan  in  the  Beacon  Inspector's  office. 
The  next  thing  is  to  expend  5s.  in  a  prospectors' 
permit,  which  enables  one  to  peg  an  area  not 
•exceeding  2,000  ft.  by  2,000  ft.  :  having  pegged 
the  area  there  is  no  further  fee  and  three  months 
grace  is  allowed  in  which  to  start  work.  The 
work  done  must  be  sufficient  to  satisfy  the 
Mining  Commissioner,  but  exactly  what  con- 
stitutes "  work  "  in  this  connection  has  never  yet 
been  clearly  denned.  An  old  prospector  told  the 
writer  that  two  boys  kept  fossicking  and  visited 
once  a  week  would  probably  meet  the  case,  but 
some  official  statement  on  this  point  is  clearly 
needed.  In  the  Canadian  North-West  a  some- 
what similar  performance  costs  85,  and  8100  has 
to  be  either  paid  or  expended  each  year  ;  when 
$500 has  been  expended  or  paid  the  locator  may,  on 
having  his  ground  surveyed  and  upon  complying 
with  other  requirements,  purchase  the  land  at  $1 
per  acre,  paying  a  royalty  of  2i%  on  sales. 

If  claims  are  held  under  the  ordinary  2s.  6d. 
per  claim  per  month  system  then  it  is  worth 
noting  that  15  claims,  or  under,  can  be  exempted 
from  any  licence  if  worked  by  the  owner 
personally,  and  to  the  satisfaction  of  the  Mining 
Commissioner.  If  the  prospector  has  any  doubt 
as  to  the  correct  procedure  in  any  particular  case 


he  need  have  no  hesitation  whatever  in  consulting 
the  Government  officials,  as  they  will  be  only  too 
pleased  to  put  him  right.  There  are  plenty  of 
amateur  Gold  Law  experts  in  the  district,  but  it  is 
much  the  quickest  and  cheapest  way  to  go  straight 
to  the  fountain  head. 

As  the  name  Moodies  often  occurs  in  discussing 
mining  matters  relating  to  Barberton,  some 
information  regarding  it  may  be  of  service  :  the 
company  publishes  no  printed  schedule,  but  the 
following,  which  is  subject  to  the  provisions  of 
the  Gold  Law,  may  be  taken  as  fairly  correct. 
Moodies  G.  M.  &  E.  Co.  has  full  mineral  rights 
over  two  farms,  covering  7,4S7  morgen  and  three 
mynpachts.  Since  the  advent  of  the  small 
syndicate,  terms  have  been  altered  and  each 
individual  case  is  treated  on  its  merits.  The 
usual  working  basis  in  the  case  of  prospectors  is 
to  charge  £1  per  month  for  an  option  over  an 
area  equal  to  a  claim  area  of  from  6  to  12  claims. 
The  ground  has  to  be  continuously  prospected  to 
the  Company's  satisfaction  and  the  period  of  option 
is  for  six  months;  this  is  sometimes,  if  reasonable 
cause  can  be  shown,  extended  for  a  further  period 
of  six  months.  At  the  end  of  this  period  the 
prospector  is  called  upon  to  peg  such  ground  as 
he  requires  and  pay  <£1  per  claim  per  month. 
With  ground  on  which  development  work  has 
already  been  done,  no  cash  payment  is  asked  for 
such  work,  but  an  additional  -h%  royalty  on 
gold  Avon  is  charged  for  all  useful  development, 
based  on  a  valuation  of  10s.  per  foot  run. 
Here  again  in  case  the  prospector  decides  to 
put  up  a  mill  to  work  certain  of  his  claims  but  is 
uncertain  about  the  remainder,  the  .Company 
may  protect  these  for  him  for  a  definite  period, 
so  that  he  may  reap  the  full  benefit  of  his  work.  A 
royalty  of  2|%  is  charged  on  the  gross  value  of  the 
gold  won.  A  mill  site  is  granted  with  the  right  to 
use  water  for  reduction  purposes,  a  charge  of  <£5 
per  annum  being  made  for  this  :  the  right  to  use 
water  for  power  is  also  given,  subject  to  the  risk 
of  curtailment,  should  it  be  required  for  reduction 
purposes.  A  charge  for  firewood  at  the  rate 
of  5s.  per  month  per  white  habitation  is  made. 
Timber,  if  required,  is  supplied  by  the 
Company  at  the  rate  of  Is.  per  stick  8  ft.  long  x 
6  in.  at  butt,  other  sizes  pro  rata  :  these  have  to 
be  cut  in  the  Company's  gum  plantations  and 
transported  by  the  user  at  his  own  cost :  the  timber 
in  the  natural  bush  is  not  allowed  to  be  cut  in  order 
to  conserve  the  water  supply  as  much  as  possible. 
Electric  power  is  supplied  at  a  charge  of  £30 
per  b.h.p.  on  motor  shaft,  the  Company  erecting 
and  maintaining  the  high  tension  side  of  the  plant 
up  to  and  including  transformers  ;  the  consumer 
supplying  and  maintaining  low  tension  leads,  motor 
switchboard,  etc.  In  the  case  of  a  consumer  of  a 
small  block  of  power  a  guarantee  has  to  be  given 
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that  power  will  be  used  for  a  definite  period, 
long  enough  to  cover  the  outlay  involved  in  the 
erection  of  a  branch  line  to  his  plant.  The 
Company's  plant  runs  365  days  in  the  year  and 
power  has  to  be  used  continuously,  no  allowance 
being  made  for  a  breakdown,  or  stoppage,  on  the 
low  tension  side  of  plant. 

Mining. — The  mountainous  nature  of  the 
country,  furrowed  by  deep  ravines,  enables  the 
reefs  to  be  developed  by  means  of  adit  levels 
driven  on  or  to  them  at  considerable  depths 
below  the  outcrop,  which  obviates  hoisting 
and  pumping  expenses  and  enables  the  rock 
to  be  gravitated  to  the  reduction  works  with 
practically  no  handling.  Where  the  reef  cannot 
be  opened  from  the  surface  by  levels  on  it 
cross-cuts  are  put  in  from  the  face  of  the 
hill.  This  method  has,  however,  been  greatly 
overdone  in  the  past  ;  in  one  case  a  cross-cut 
800  ft.  long  was  put  in,  which  gave  only  80  ft. 
of  backs.  The  excessively  high  cost  of  power  in 
the  early  clays  doubtless  was  the  cause  of  this, 
anything  being  done  to  avoid  hauling  and 
pumping  expenses.  Shafts  are  not  common, 
their  sinking  and  equipment  being,  as  a  rule,  a 
little  bit  beyond  the  small  man ;  but  the  increased 
depth  of  mining  has  necessitated  them  at  some  of 
the  older  companies  and  at  those  which  are 
situated  in  flat  or  gently  undulating  country. 
The  walls  stand  remarkably  well,  little  or  no 
timber  being  ever  required  in  the  stopes,  and 
heavy  ground  is  usually  only  encountered  near 
the  mouths  of  adits  or  in  the  somewhat  treacherous 
talcose  schist  of  the  low-lying  Jamestown  district. 


All  methods  of  stoping  are  employed,  the 
governing  factor  being  the  run  of  the  gold  which, 
in  most  cases,  is  so  erratic  as  to  preclude  the 
possibility  of  laying  out  development  beforehand 
with  any  degree  of  certainty.  With  these  steeply 
dipping  reefs  levels  120  ft.  apart  can  be  carried 
without  any  other  trouble  than  a  little  water  in 
the  winzes  as  they  get  near  the  next  levv.d,  the 
practice  of  rising  to  connect  being  rarely  followed. 
Ventilation  gives  little  trouble,  though  occasion- 
ally home-made  centrifugal  fans  worked  by  hand 
are  installed  in  unconnected  levels.  All  the  min- 
ing work  is  done  by  hand  labour :  the  rock  drills, 
at  the  Sheba  have  been  put  out  of  commission 
and  there  is  only  one  running  on  development  at 
the  Worcester.  The  following  description  in 
conjunction  with  Figs.  3,  5  and  6  will  explain  the 
methods  of  development  and  stoping  followed  at 
the  Worcester. 

The  drives  are  usually  driven  along  the  richest 
portion  of  the  reef  and  cross-cuts  about  150  ft. 
apart  are  put  in  from  the  drives  from  wall  to- 
wall,  to  prove  the  width  and  value  of  the  ore  body. 
The  levels  are  arranged  to  give  backs  of  about 
100  ft.,  and  vertical  winzes  are  sunk  in  the  ore 
body  about  200  ft.  apart.  The  reef  is  mined  by 
the  underhand  system,  and  the  levels  are  pro- 
tected by  leaving  a  rib  of  ground  6  ft.  above 
and  10  ft.  below  them.  The  hanging-wall  is 
strong,  and  requires  very  little  protection, 
although  pillars  varying  in  size  from  8  ft.  to 
20  ft.  square,  according  to  the  width  of  the 
stope,  are  left  where  considered  necessary,  gener- 
ally midway  between  levels   and   50  ft.  to  60^ft. 


Fig.  V. — Longitudinal  Section,  showing  method  of  Stoping  at  the  Worcester  Mine. 
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Fig.  VI. 


-i  Jross  Section  of  Ore  Bodies  at  the 
Worcester  Mine. 


apart.  Where  the  main  shaft  passes  through 
the  reef  it  is  protected  by  a  rib  of  ground  of 
20  ft.  on  each  side.  The  reef  is  harder  than 
that  of  the  Rand,  but  it  breaks  better  and 
requires  less  explosive.  All  roof  holes  are  put  in 
by  double  hammer,  as  it  is  impossible  to  drill 
them  single  handled.  Holes  3  ft.  deep  constitute 
a  native  shift,  but  a  few  of  the  best  boys  put  in 
holes  up  to  4  ft.  6  in.  5  ft.  holes  were  tried  in 
the  stopes,  double  hammer,  but  the  numerous 
fracture  planes  causes  so  many  fast  holes  that 
the  practice  had  to  be  abandoned.  The  amount 
of  gelignite  used  in  stoping  is  on  the  average  25 
cases  per  month,  or  slightly  under  2  cartridges 
per  ton  of  ore  broken.  In  development,  blasting- 
gelatine  is  consumed  at  the  rate  of  one  case  to 
every  15  ft.  of  advance.  The  average  amount  of 
ore  broken  per  hammer  boy  per  shift  is  If  tons. 
As  there  are  several  connections  ventilation  is 
good.  The  quantity  of  water  amounts  to  100,000 
gallons  per  day.  and  is  handled  by  an  8  in. 
Cornish  pump  in  two  lift-. 

Transport. — This  will  always  be  one  of  the 
minor  difficulties  in  the  district,  owing  to  the 
rugged  nature  of  the  country.  All  the  mines  on 
the  main  range  make  use  of  the  humble  but 
effective  donkey  to  carry  stores  from  the  foot  of 
the  hills.  The  first  cost  in  this  case  is  practic- 
ally the  only  one,  as  the  donkey  feeds  itself  and  is 
almost  immune  from  practically  all  the  diseases 
that  affect  stock  in  South  Africa.  To  get  heavy 
machinery  to  the  top  of  the  hills  the  following 
method  is  adopted.  It  is  brought  by  waggon  to 
the  nearest  available  point  at  the  foot  of  a  ridge 


whose  surface  is  as  free  as  possible  of  boulders 
and  rock  outcrops,  this  being  a  point  of  more 
importance  than  the  grade.  The  front  wheels 
are  then  taken  off  the  waggon  and  a  rough  body 
bolted  on  to  their  axle  witli  two  stout  sharpened 
poles  as  trailers.  The  machinery  is  then  securely 
fastened  to  the  frame  and,  if  sufficient  natives 
are  available,  is  pulled  direct  to  the  top  of  the 
mountain.  If  there  are  not  enough  natives  to 
pull  direct,  strong  poles  are  fixed  at  intervals  up 
the  ridge  and  block  and  tackle  employed.  Loads 
up  to  4  tons  are  easily  taken  up  1,000  ft.  of 
mountain  in  a  day  by  this  method  If  the  load 
is  moving  along  the  edge  of  a  ridge,  side  ropes 
are  held  by  natives  to  prevent  it  capsizing,  and 
should  any  unforseen  accident  occur,  such  as  the 
breaking  of  a  rope,  the  pointed  trailers  take  up 
the  load  and  prevent  the  outfit  from  careering 
down  into  the  valley  again. 

Reduction. — The  small  high  grade  reefs  of  the 
district  with  ore  easily  distinguishable  from  the 
country  rock  lend  themselves  readily  to  sorting, 
which  is  done  to  the  extent  of  80%  in  extreme 
cases.  The  majority  of  the  reefs  are  free  mill- 
ing, such  mines  as  the  Consort,  Mount  Morgan, 
Kosetta,  etc.,  being  exceptions,  but  still  it  may 
be  said  that  Barberton  ores  are  refractory  when 
those  of  the  Hand  are  taken  as  a  standard  for 
comparison.  In  the  more  refractory  mines  plates 
are  dispensed  with  altogether,  practically  no  gold 
being  recoverable  on  them,  while  with  othera  fcbc 
plate  recovery  may  run  up  to  as  much  as  80%, 
indeed,  in  one  instance,  the  Zwaartkopjes  ore 
body  at  the  surface,  the  plate  extraction  reached 
90%  ;  such  high  extractions  are,  however,  rare. 

The  fluctuations  in  recovery  by  cyanidation 
are  also  considerable,  and  may  run  from  2C%  to 
80%  as  a  rough  estimate. 

The  mills  now  running  vary  in  style  from  the 
humble  1-stamp  of  the  Tiger  Trap,  driven  by  a 
home-made  water  wheel  to  the  40-stamp  turbine 
driven  equipment  of  the  Worcester,  and  as  the 
cyanide  plants  also  show  similar  differences,  all 
that  can  be  attempted  is  a  description  of  one  or 
two  plants. 

The  Worcester  mill  consists  of  40  stamps  of 
1,250  lb.,  running  96  drops  per  minute  of  8  in.; 
900  mesh  screening  is  used,  and  the  duty  is  3  75 
tons.  Xo  amalgamation  difficulties  are  experi- 
enced, and  the  plate  recovery  is  45%  of  the 
screen  assay.  The  cyanide  plant  consists  of  6 
circular  steel  treatment  and  3  collecting  sands 
vats,  each  of  180  tons  capacity.  The  treatment 
follows  closely  that  generally  adopted  on  the 
Hand,  and  occupies  from  7  to  8  days.  The 
extraction  is  75%  of  charge  value.  The  slimes 
vats  are  6  in  number,  of  30  ft.  diameter,  8  ft. 
deep,  with  a  2  ft.  cone.  Two  are  used  as  col- 
lectors, two  as  treatment  vats,   one   as  a  residue 
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vat,  and  one  as '  a  spare  solution  sump.  The 
extraction  is  at  present  75%,  and  it  is  antici- 
pated that  this  will  be  improved  to  80  shortly. 
The  total  extraction  from  all  sources  is  between 
80%  and  85%.  The  bulk  of  the  slimes  is 
exceptionally  heavy  and  thick,  and  there  is  also 
a  very  fine  slime  (probably  talc)  which  is  most 
difficult  to  settle.  The  Adair-Usher  process  is  used. 
This  fine  slime  also  conies  down  with  the  sands 
solutions  and  passes  through  the  precipitation 
boxes  where,  when  the  ore  from  the  none 
happens  to  be  at  all  acid,  it  coats  the  zinc  and 
seriously  interferes  with  precipitation  though 
with  fresh  ore  it  appears  to  exercise  very  little 
deterrent  effect.  Other  mines  in  the  district,  as 
well  as  in  Rhodesia,  have  also  had  trouble  from 
the    same   cause. 

The  Thornton-Little  may  be  quoted  as  repre- 
sentative of  many  of  the  smaller  plants.  This 
has  a  battery  of  5  stamps  of  750  lb.  weight, 
running  96  drops  of  S.1,  in.,  the  screen  being 
900,  and  the  duty  2*5  tons.  As  is  generally 
the  custom  with  small  plants,  the  ore  is  fed 
into  the  mortar  box  by  hand,  a  practice  that  is 
not  conducive  to  a  high  duty,  as  the  coloured 
gentleman  who  does  the  feeding  likes  to  till  the 
box  up  well  so  that  he  may  have  time  tor 
thought  before  the  effort  need  be  repeated.  The 
sands  are  treated  in  wooden  vats,  and  the  slimes 
are  collected,  dried  and  mixed  with  them.  The 
plate  extraction  is  50%  and  the  cyanide  46%,  the 
total  from  all  sources  being  75%.  In  this  battery 
the  daily  addition  of  sodium  amalgam  in  the 
mortar  box  has  proved  very  beneficial. 

The  Sheba  possesses  a  fine  plant  of  120 
stamps,  frue  vanners,  roasting  furnaces,  and 
cyanide  and  slimes  plant,  but  as  this  company 
has  fallen  on  evil  days,  which  is  to  be  sincerely 
regretted,  and  is  in  a  state  of  transition,  present 
day  figures  are  not  of  much  value.  The  returns 
for  the  year  ending  June  30,  1908,  show  80 
stamps  running,  and  90,650  tons  crushed  of  an 
average  value  of  6'518  dwts.  The  charge  values 
were,  concentrates  63*61  dwt.,  sands  2*76  dwt., 
ami  slimes  3'62  dwt.  The  plate  extraction  was 
about  40%,  concentrates  (roasted  and  cyanided) 
84-%,  sands  57%,  slimes  66%,  the  total  extraction 
from  all  sources  being  7  1  .  The  ore  contains 
iron  pyrites,  a  little  arsenical  pyrites,  and  some 
oxide  of  tin. 

Settling  tanks  are  generally  used  on  the  smaller 
plants  and  spitskasten  very  seldom,  and  the 
treatment  vats  are  either  of  wood  or  COrrUj 
iron.  The  latter  construction  stands  well  up  to 
a  capacity  of  50  tons  of  sand  ;  beyond  thai  they 
are  apl  to  collapse  concertina  fashion  even 
though  buried  up  to  the  rim  in  sand.  The  ore 
makes  a  good  deal  of  slime,  but  slimes  plants 
are    beyond    the    means    of    the   small  man  :   in  a 


few  cases  Scoular  or   Wilfley   tables   are  used  for 
concentrating.       The   method    of  discharge    is  by 
shovelling  over  the  side,    preferably  into  tl 
of  a  creek.      In  some  instances    the    plate   extrac- 
tion is  so  high  that  cyaniding  i-  somewhat  in  the 
nature  of  a  superfluity,  and  in  some  others  the 
old  hands  tight  shy  of  such  a  mysterio 
relying  on  the  simple  formula  of   "put  your  mill 
up  and  shove  your  ore  through  it,"  to  accomplish 
the    desired    result.        Refractory    arsenical    and 
other    sands   give   good   extractions   if    subjected 
to  years  of   weathering,  but  current  sands  of  this 
nature    decidedly    do    not,     and     no     proci 
simple  application  seemsto  have  been  yetd  I 

to  overcome  the  difficulty.  Roasting  would  be 
one  solution,  but  to  erect  the  necessary  plant 
would  mean  a  considerable  expenditure,  which, 
with  fuel  costs,  would  require  the  resources  of  a 
company.  In  the  case  of  graphitic  ores  probably 
a  gentle  roast  would  be  sufficient  to  eliminate  the 
occluded  hydro-carbon  gas  in  the  graphite   which 

and  not  the  graphite  itself  is  the  real  preci- 
pitating agent.*  This  question  of  refractor] 
has  not  received  the  attention  in  this  district 
that  it  calls  for,  and  the  erection  of  a  central 
reduction  works  to  tieal  refractory  high  grade 
concentrates  would  be  a  great  boon  to  the  small 
worker. 

GW  of  Plant  — The  cost  of  plant  on 
stamp  basis,  including  erection,  would  be  about: 
mill  (secondhand)  CI  50  to  £180,  suction  gas 
engine  (15  h.-p.)  £370,  cyanide  plant  and  i 
sories  £150.  In  addition  to  the  foregoing  cost, 
a  further  £800  to  £1,000  will  be  required  in 
most  cases  to  be  put  into  the  mine  and  to  provide 
for  contingencies,  but  £2,000  may  he  considered 
a  fair  estimate  in  most  cases  as  capital  required 
to  reach  the  producing  stage  free  from  debt. 
Two  cases  have  been  brought  to  the  writer's 
notice  which  reached  this  desirable  point  on  a 
capital  expenditure  of  under  £500,  and  have 
paid  well  ever  since:  these,  however,  are  quite 
exceptional.  There  has  been  in  the  past  no 
trouble  experienced  in  Inlying  second-hand  5- 
Stamp  mills,  requiring  only  new  plates,  and  there 
is  little  likelihood  that  in  the  future  the  supply 
will  run  short,  as  there  are  in  the  district  more 
silent  than  producing  properties  j  moreover, 
there  is  a  tendency  among  the  more  experienced 
tributors  to  buy  their  mills  on  the  Rand  because 
of  the  heavier  stamps  obtainable  there,  and  with 
the  new  mills  going  up  with  2,000  lb.  stamps 
and  big  amalgamations  and  consequent  reorgani- 
sation a  scrapping  of  out-of-date  plant,  there  is 

likely  to  he  a  good  supply  availab] i  the  band 

without  drawing  on  Barberton  at  all.  For  new 
plant  a  local  firm  quotes  the  following  prices: — 
(  »ue  5  si  imp  mill,  850  lb.  stamp-,    with    crusher, 

•  sec  this  Journal,  July,  L909,  p.  24. 
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ore  feeder  copper  plate,  A  frame,  shafting, 
pulleys,  belting  and  tightener,  delivered  f.o.r. 
Barberton,  £580  ;  one  5-stamp  mill,  ditto,  but 
with  1,050-lb.  stamps,  £610.  For  driving  the 
850  lb.  stamp  mill  a  suction  gas  engine,  develop- 
ing 20  b.h.p.  at  the  coast,  equivalent  to  15 
b.h.p.  at  Barberton,  is  recommended.  One 
suction  gas  engine  of  this  size,  with  magneto 
electric  ignition  gear,  variable  timing  device,  gas 
producer,  tanks,  accessories,  pipes  and.  spares, 
£320  f.o.r.  Barberton.  For  the  heavier  mill  an 
engine  capable  of  developing  32  b.h.p.  at  sea 
level,  or  23  b.h.p.  at  Barberton  would  be 
required  ;  this,  with  the  usual  accessories  as 
above  is  quoted  £460  f.o.r.  Barberton.  Another 
firm  quotes  for  a  3-stamp  mill  of  750  lb.  to 
900  lb.  falling  weight,  £200  ;  and  for  a  3-stamp 
mill  of  250  lb.  falling  weight,  £150.  These 
prices  of  course  do  not  include  the  cost  of  erec- 
tion ;  this  in  the  case  of  a  gas  engine  would 
mean  another  £25  to  £50.  Charcoal  costs  £4 
10s.  a  ton,  and  the  consumption  may  be  taken 
as  varying  from  1  lb.  to  1^  lb.  per  b.h.p.  per 
hour.  Mines  burning  their  own  charcoal  obtain 
it  for  2s.  6d.  per  bag  of  70  lb.  weight.  Natal 
anthracite  costs  £2  5s.  a  ton  f.o.r.  Barberton, 
but  is  too  clinkery  and  tarry  to  use  alone  in  the 
gas  producer.  A  mixture  of  one-third  anthracite 
and  two-thirds  charcoal  is  fairly  satisfactory,  but 
charcoal  by  itself  is  the  best  fuel  and  probably 
the  most  economical  in  the  long  run. 

Working  Costs. — The  vastly  different  con- 
ditions prohibit  an  average  working  cost  per  ton 
crushed  being  struck.  With  a  5-stamp  mill 
crushing  from  a  large,  soft  reef  and  employing  2 
whites  and  25  natives,  a  return  of  2  dwt.  over 
the  plates  pays  well  ;  while  in  the  case  of  a 
high  grade,  hard,  narroAV  reef,  sorting  up  to  65% 
of  rock  mined,  crushing  250  tons  a  month,  and 
employing  5  whites  and  100  natives,  costs  will 
be  quite  37s.,  or  even  higher.  It  may  be  taken 
as  a  fair  approximation  that  a  5-stamp  proposi- 
tion, with  the  normal  labour  force  of  4  whites 
and  60  natives  and  sorting  20%  of  the  rock 
mined  should  run  at  about  18s.  per  ton  crushed. 
Taking  the  larger  mines,  the  great  variability  of 
conditions  also  prohibits  any  attempts  at  averag- 
ing. The  Sheba  costs  for  the  year  ending  June 
1908,  were:  mining  6/6-13,  development  4/-, 
tramming,  hauling  and  pumping  2/4*72,  milling 
3/6  "88,  vanning  and  roasting  1/3*82,  cyaniding 
2/9*76,  tailings  removal  0/6*29,  general  2/5*44 
total  23/7*04.  The  costs  of  the  Worcester  for 
the  year  ending,  1908,  amounted  to  13/1  1 J-,  made 
up  as  follows  : — 

s.       d. 

Mining  5     7*11 

Transport  of  Ore         ...      0     1*14 
Milling  2     3*32 


Cyaniding 

...     2     5*24 

Slimes... 

...     0     5*33 

Development  . . . 

...     1     8*16 

General 

...     0  11*42 

Head  Office     . . . 

...     0     5*77 

13  11*49 

White  labour,  if  no  special  skill  is  required,  is- 
ample ;  but  skilled  men  in  mining  or  reduction' 
are  not  plentiful,  and  the  highly-trained, 
technical  man  is  rarely  met  with  ;  but  it  is  a 
mistake  to  import  skilled  miners  from  the  Band 
for  the  small  mines,  as  the  reef  conditions  are  so 
totally  different  and  the  scale  of  operations  so- 
small  that  one  not  used  to  the  district  or  to  a 
similar  class  of  mining  is  hopelessly  lost  for 
some  considerable  time.  A  manager  of  a  small 
property  would  receive  £40  to  £60  a  month,  and 
miners  and  shiftsmen  £25,  the  latter  usually 
working  10,  sometimes  12,  hours.  The  Worcester 
works  an  8-hour  shift  underground  and  a  9 J-hour 
shift  on  the  surface  :  all  stoping  is  done  on  the 
morning  shift  from  7  a.m.  to  3  p.m :  stopers 
receive  17s.  4d.  per  shift,  trammers  15s.  6d.,  and 
developers  35s.  per  foot  on  contract,  contractors 
being  charged  60s.  per  case  for  gelatine,  and  2s. 
3d.  per  shift  for  native  labour. 

In  estimating  the  cost  of  stores,  it  may  be 
taken  as  a  basis  that  prices  are  from  15%  to  20% 
higher  that  those  current  on  the  Band. 

Native  Labour.  -This  is  nearly  all  voluntary 
labour  and,  as  a  rule,  fairly  plentiful.  The 
natives  live  in  huts  erected  by  themselves,  and 
seem  a  very  contented  lot.  Hammer  boys  get 
from  30s.  to  50s.  a  month  according  to  their 
efficiency ;  surface  boys  and  trammers  30s.  to 
40s.  The  cost  of  feeding  is  10s.  per  month  per 
boy,  in  addition  to  the  above.  Engagements  are 
generally  monthly.  Their  rations  consist  of 
mealie  meal,  sweet  potatoes,  and  meat  on  Sunday, 
an  occasional  beer  drink  being  added.  Swazis 
are  not  particularly  good  mine  boys,  partly 
owing  to  the  intermittent  periods  during  which 
they  work,  brought  about  by  the  counter  attrac-  < 
tions  of  home  life  across  the  border  ;  there  is, 
however,  a  sprinkling  of  coast  boys,  who  leaven 
the  mass  somewhat.  The  average  all-round  rate 
of  pay  may  be  taken  at  40s.  per  month.  In 
drilling  in  hard  quartz  only  expert  boys  can  drill 
two  2-ft.  holes  on  a  shift. 

Power. — \Yhile  there  is  enough  water  for 
reduction  purposes  only  rarely  is  it  available  for 
power  as  well  in  such  cases  as  the  volume  is 
generally  small  and  the  head  high — 700  ft.  at 
the  Mount  Morgan — the  Felton  wheel  is  used. 
There  is  little  doubt  that  the  advent  of  the 
suction  gas  engine  has  made  a  wonderful  differ- 
ence to  the  small  man,  and  it  may  be  said  to  the 
companies  also.     At  the  Worcester  the  hauling 
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engine  and  Cornish  pump  are  worked  by  steam 
and  the  rest  by  water  power.  In  dry  seasons, 
however,  the  amount  of  water  is  inadequate, 
consequently  a  120  b.h.p.  suction  gas  engine  is 
to  be  erected  to  make  up  the  deficiency.  Two 
turbines  are  in  use  at  this  mine,  both  obtaining 
their  power  from  the  North  Kaap  River.  The 
larger,  which  is  400  yards  from  the  mill,  receives 
its  water  through  a  race  H  miles  long  and  has  a 
head  of  55  ft.  This  is  a  vortex  twin  discharge 
machine  with  a  4  ft.  wheel  running  at  168  revs, 
and  developing  175  h.-p.  From  this  turbine 
power  is  transmitted  to  the  mill  by  means  of  an 
endless  wire  rope  of  |  in.  diameter,  6/19  con- 
struction, running  at  a  speed  of  5,000  ft.  per  min. 
The  distance  apart  of  supports  is  300  ft.  and  the 
life  of  the  rope  four  months.  The  cost  of  run- 
ning this  turbine  is  2"66d.  per  ton  crushed  or 
5/9  per  h.-p.  per  month  The  smaller  turbine  is 
a  single  discharge  machine  with  a  28  in.  wheel 
and  develops  75  h.-p.  It  is  situated  two  miles 
from  the  mill  and  has  a  head  of  45  ft.,  the  water 
coming  through  a  race  |  miles  long;  the  trans- 
mission is  by  electricity  at  500  volts.  The 
Sheba  ran  its  mill  with  steam  power,  but  there 
will  be  sufficient  power  available  at  its  generating 
station  on  the  Queen's  River  to  run  the  reduced 
plant  now  operating. 

Health  Conditions.  — It  is  necessary  to  dis- 
criminate between  the  town  by  itself  and  the 
district  as  a  whole,  as  the  former  enjoys  the 
distinction  of  being  one  of  the  healthiest  towns 
in  the  world,  the  white  death  rate  for  the  last 
three  years  averaging  only  75  per  thousand,  or 
half  that  of  the  United  Kingdom.  The 
prevalence  of  malaria,  howev<  renders  portions 
of  the  district  unhealthy,  and  the  deaths  from 
this  cause  form  38%  of  the  total  ;  but  even  with 
malaria  the  general  death  rate  will  compare 
favourably  with  other  countries.  The  rare  occur- 
rence of  enteric  or  pneumonia  is  a  factor  of  great 
importance,  and  miners' phthisis  is  unknown.  In 
the  winter  months  the  climate  is  delightful,  but 
during  the  summer  is  very  hot  and  enervating. 
The  altitude  of  Barberton  is  2,830  ft.,  and  that 
of  t  be  li  ghesl  |  oinl  in  the  district  6,250  ft.  ;  and 
the  rainfall  for  the  last  two  ^ears  iveraged  33*49 
in.  During  the  period  Jui  • .  L908  June,  1909, 
the  highest  absolute  maximum  temperature 
registered  was  96  7  F  in  be  •  nth  of  Sep- 
tember and  the  lowest  b  I  e  inimum  38*4 
in  July,  the  highest    a  i  in  si  mum    being 

for  the  nth  of  I)  ceii  bet  82  -       d   the  lowest 

average  minimum  47*3  f<  r  J     j 

General,    Th   conditions  '  jeologi- 

cal  and  metallurgical  varj  -■  ngly  in  mines 

situati  d  close  t<   one  ano    ■  ralisations, 

such  as  we  are  d,  are  not 

possible.     One   no   cea  the  atmos 


phere  of  reserve  with  which  the  tributor 
surrounds  his  operations,  an  attitude  which 
is  a  contributory  cause  to  much  of  the 
neglect  from  which  the  district  suffers.  Pub- 
lication of  returns  is  essential  if  a  country 
wishes  to  go  ahead  in  small  mining,  as  it  is 
the  only  way  of  bringing  its  potentialities  to 
the  notice  of  the  outer  world.  The  Rhodesian 
Chamber  of  Mines  and  the  papers  of  that 
country  publish  every  month  a  full  return  giving 
district,  name  of  mine,  name  of  operator,  number 
of  stamps,  tons  treated  and  fine  gold  won  of 
every  mine  in  the  country,  small  and  large,  and 
in  a  recent  one  these  particulars  covered  the 
operations  of  219  mines,  138  of  which  had  five 
stamps  or  under.  This  sound  policy  of  publicity 
has  attracted  much  attention  to  Rhodesia,  and 
has  been  largely  the  cause  of  the  rapid  progress 
of  that  country  from  a  mining  point  of  view. 
Again,  in  Barberton  there  is  no  association  of 
tributors,  and  they  are  therefore  quite  unable,  as 
a  body,  to  make  representations  to  the  Government 
on  points  affecting  their  operations,  a  very  serious 
disability  especially  in  times  of  labour  shortage. 

Though  the  irregularity  of  auriferous  deposi- 
tion and  the  uncertainty  of  reef  continuance 
render  operations  on  a  large  scale  generally 
undesirable,  many  chances  offer  for  the  small 
syndicate  :  but  even  with  these  latter  considerable 
caution  must  be  exercised  if  disaster  in  to  be 
avoided.  The  chief  reasons  for  the  failure  of 
small  mines  may  be  conveniently  collected  under 
the  following  headings  : — 

1.  Bad  selection  of  ground. 

2.  Inefficient  methods. 

3.  Lack  of  capital. 

4.  Bad  management. 

In  the  selection  of  ground  it  is  essential  that 
the  reef  itself  as  well  as  the  related  geological 
conditions  should  be  studied  with  extreme 
care,  and  that  nothing  whatever  be  taken 
for  granted  ;  information  given  by  interested 
parties,  though  often  reliable,  occasionally  sutlers 
from  a  low  standard  of  authenticity,  and  the  ten 
ounces  of  the  seller  are  apt  to  materialize  as  the 
two  dwts.  of  the  buyer.  The  breaking  qualities 
of  the  reef,  stability  of  walls,  contour  of  surface, 
water  supply,  transport  facilities,  and  particularly 
health  conditions,  are  only  a  few  of  the  many 
points  which  must  be  investigated.  To  pass  a 
sound  judgment  on  all  these  requires  s]  ecial 
qualities  in  the  man  who  does  the  investigating 
a  point  sometimes  overlooked  by  Hand  syndicates, 

who  more  often  than  nut  are  averse  to  spending 
money  in  these  preliminaries.  It  is  much  better 
t>.  spend  a  hundred  or  two  in  a  thorough  examina- 
tion, and  then,  if  unsuitable,  turn  the  proposition 
down  and  cut  the  loss  than  to  spend  only  a  few 
pounds  and  then  take  the  risk  of  losing  thousands. 
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The  manager  should  be  a  good  all-round  man 
with  some  business  sense,  no  false  pride,  and 
capable  of  turning  his  hand  to  anything.  A 
plant  ma}'  be  hung  up  for  days  because  the 
miner  is  on  the  "bust,"  and  nqbody  on  the 
property  knows  how  to  blast  the  holes,  or  the  gas 
engine  may  jib,  and  so  on ;  contretemps  like 
these  frequently  happen  and  test  the  adaptability 
of  the  manager.  The  lack  of  capital  operates 
principally  through  shortage  of  development  and 
inability  to  keep  the  mill  running  full  time,  and 
also  necessitates  the  purchase  of  cheap  plant  not 
up  to  the  work  it  is  called  upon  to  do.  Inefficient 
methods  are  largely  a  corollary  of  the  above  ; 
but  with  these  ores  metallurgy  is  of  such  import- 
ance that  the  application  of  wrong  methods  of 
extraction,  may  have  very  serious  results. 

In  concluding,  the  writer  would  like  to  thank 
Messrs.  A.  B.  Inglis,  C.  B.  Kingston,  G.  W. 
Lowdon  and  R.  Wormald,  members  of  the 
Society,  for  their  kindness  in  furnishing  him 
with  much  information  about  the  district,  and 
for  helping  to  make  the  few  weeks  he  spent  there 
pass  so  pleasantly. 

The  President  :  I  am  sure  we  are  greatly 
indebted  to  Mr.  Richardson  for  his  extremely 
interesting  paper.  It  deals  with  a  district  which 
many  of  us  know  well,  and  those  who  have  spent 
a  few  months  or  even  years  in  the  Barberton 
district  will  appreciate  the  facts  which  the  author 
has  brought  forward.  There  are  many  interest- 
ing points  in  the  paper  which  we  will  be  able  to 
emphasise  at  a  future  meeting,  and  the  Society 
wiH  be  indebted  to  anyone  who  has  anything  to 
say.  I  should  like,  therefore,  to  propose  formally 
a  vote  of  thanks  to  Mr.  Richardson  for  the 
interesting  paper  he  has  given  us  to-night. 

The  vote  of  thanks  was  agreed  to. 

Mr.  A.  Richardson  (Member  of  Council) :     I 

omitted  to  mention  in  the  paper  that  I  have 
brought  with  me  to-night  for  examination  speci- 
mens of  the  various  reefs  mentioned.  These 
are  not  brought  because  they  may  contain 
visible  gold,  but  on  account  of  their  being  typical 
of  the  ore  being  put  through  the  mills  on  the 
different  properties. 

THE    ASSAY    OF    CYANIDE    SOLUTIONS 

AND    SLIME    RESIDUE    CARRYING 

DISSOLVED    GOLD. 


By  A.  Whitby  (Member  of  Council). 

At  the  outset  it  must  appear  that  I  have 
entered  on  an  exposition  of  methods  which  are, 
to i  some  extent,  classical.  There  is  a  legitimate 
argument,  however,  to  explain  this  late  appear 
ance. 


At  the  time  (1902)  when  the  first  experiments- 
were  made,  I  was  imbued  with  the  idea  that, 
simple  as  the  process  was,  the  ground  had  been 
sufficiently  covered  by  Yirgoe,  and  I  therefore  con- 
tented myself  with  a  discussion  of  Virgoe's  original 
process  embodying  therein  an  idea  garnered  from 
Prof,  de  Wilde's  patented  process  for  the  recovery 
of  gold  from  cyanide  solutions.*  It  will  be 
remembered  that  de  Wilde's  patent  covered  the 
precipitation  of  gold  from  a  cyanide  solution  by 
means  of  a  cuprous  salt  as  auro-cuprous  cyanide. 
It  was,  therefore,  but  a  short  step  to  supplement 
Virgoe's  method  by  adding  a  reducing  agent  to 
complete  the  precipitation  of  gold  shown  to  be 
defective  in  his  process.  This  should  have  been 
sufficient,  one  would  say,  to  guide  assayers  to 
a  correct  appreciation  of  my  final  method. 
Unfortunately,  however,  1  have  recorded  instances 
of  sulphate  of  soda  having  been  used  as  a  reducing 
agent,  of  ferri-cyanide  instead  of  ferro-cyanide 
added  as  an  adjunct,  and  lastly  of  solid  lumps  of 
cyanide  used  to  strengthen  the  solution.  It  may 
be  well  to  point  out,  at  this  stage,  what  every 
industrial  worker  in  the  sciences  never  ceases  to 
reiterate — keep  to  your  working  conditions  till- 
you  prove  them  at  fault 

Of  late,  I  have  received  many  enquiries  for  a 
description  of  this  method,  and  perhaps,  owing  to 
not  having  placed  the  details  on  record  in  specific 
form,  have  even  found  it  identically  described  in 
an  oversea  journal  as  a  new  and  original  process- 
devised  by  another  chemist,  f 

These  facts  have  determined  the  writing  of 
this  short  note,  more  especially  as  the  process  has 
now  had  time  to  settle  into  working  grooves  and, 
when  carried  out  properly,  never  fails  to  give 
complete  satisfaction.  I  take  it,  that  members 
will  not  accuse  me  of  self-advertisement  if  I 
desire  to  be  credited  in  full  with  the  initiation  of 
a  method  which  compares  favourably  with  any 
other  existing  one,  and  during  seven  years  has 
never  been  assailed  or  condemned  by  any 
competent  authority.  May  it  be  noted,  however, 
that  originality  is  not  claimed,  but  merely  service 
adaptation  of  other  men's  ideas. 

In  describing  the  process  it  will  be  well  to 
detail  the  reagents  ordinarily  used  : — 

i.   Solution  of  copper  sulphate  (cryst.  15%). 

2.  Solution  of  sulphuric  acid  (1  -  5). 

3.  Solution  of  sodium  sulphite  (cryst.  10%). 
Occasionally  used  :: — ■ 

a.  Solution  of  potassium  cyanide  (20%). 

b.  Solution  of  potassium  terro-cyanide  (10%). 

c.  Solution  of  sodium  hydrate  (5%). 

In  practice  20  assay  tons  of  solution  or 
583-3  c  c.  are   placed   in  a  capacious  flask  and  15- 

*   Vide  vol.  iii.,  pp.  (1-1:2. 

t"Easy  Method  of  As-saying  Solutions,"  Walter  Seymour 
Dupvey,  Mining  Science,  Julj  L5,  1909.  Reproduced  from 
Mexican  Mining  .!•  umal,  July,'  1909, 
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to  20  c.c.  of  No.  1  solution  added.  When  the 
cyanide  strength  is  much  above  -2%,  more  of  the 
copper  solution  is  required.  After  shaking,  7  or 
8  c.c.  of  No.  2  are  added.  This  produces  a 
marked  change  in  colour  with  an  acid  reaction. 
If  the  solution,  however,  from  some  cause  or 
another  was  originally  very  alkaline,  it  is  possible 
more  acid  will  be  required.  After  again  shaking 
add  2U  to  30  c.c.  of  No.  3  solution  and  shake 
vigorously.  The  mixture  should  now  smell 
strongly  of  S02.  Repeat  the  shaking  occasionally 
during  five  to  ten  minutes,  settle, decant  on  to  a 
large  ribbed  filter  paper,  finally  transferring  the 
whole  of  th£  precipitate  to  the  filter.  Rinse  the 
fiask  once  or  twice  with  water  on  to  the  filter. 
drain  and  transfer  filter  to  a  fire-clay  crucible. 
Flux  with  about  two  of  borax  and  one  of  litharge 
using  sufficient  reducing  agent  for  a  25  gm. 
button.  See  that  the  entire  filter  is  well  covered 
with  the  flux  fuse,  for  twenty  minutes,  and  if  filter 
is  not  entirely  burnt  off,  finish  the  fusion  with  a 
wash  of  litharge.  Ordinary  cyanide  solutions  carry 
sufficient  cyanide  and  ferro-cyanide,  but  the 
operator  must  be  careful  to  see  that  there  is  a 
slight  excess  of  copper  in  his  filtrate. 

In  the  case  of  waters,  slime  solutions  or  others 
carrying  little  or  no  cyanides  or  ferro-cyanides, 
first  render  faintly  alkaline  then  add  sufficient  of 
occasional  solution  (a)  to  make  up  to  not  more 
than  '1%  KCy,  five  or  six  drops  of  (b)  and  proceed 
as  usual. 

Auric  chloride  solutions,  however,  do  not  yield 
to  this  treatment,  on  account  probably  of  the 
formation  of  auri-potassic  cyanide  and  difficulties 
attached  to  its  reduction.  There  is  here  a  point 
I  have  long  desired  U,  investigate,  but  have 
never  had  any  opportunity.  What  is  the  precise 
province  of  the  sulphite  of  soda,  if  not  to  reduce 
the  gold  from  some  higher  state  of  oxidation  .' 
If  the  process  is  conducted  in  stages,  i.<  ,  if  the 
filtrate  alter  treatment  witli  the  copper  and 
sulphuric  arid  solutions  be  precipitated  with  the 
sulphite,  the  residual  gold  is  recoverable  from  tin- 
further  precipitate.  On  the  other  hand,  why  is 
not  a  solution  of  auric  chloride  in  cyanide,  form- 
ing, according  to  the  books,  auri-potassic  cyanide 
amenable  to  the  process  without  prolonged  boil 
ing  with  a  reducing  agent  before  treatment .' 

Slimes  Pvlps.—  It  would  be  invidious  on  my 
part  to  dilate  on  the  history  of  slimes  residue 
assays  on  these  fields.  It  is  sufficient  to  say, 
that  under  ordinary  conditions  of  drying,  the 
hulk  of  the  dissolved  gold  tails  to  make  its 
appearance  in  the  assay.  This  has  puzzled 
metallurgists  and  led  to  considerable  controversy. 
The  fact,  however,  remains. 

Coincident  with  m\  experiments  on  solutions  I 

conceived  the  notion  of  treating   slimes    pulps    as 

solutions,  adding  to  them  such  quantities  of  the 


reagents  as  were  necessary  for  the  ratio  of  solution 
to  dry  slime,  bearing  in  mind  that  such  solution 
carried  but  little  cyanide  and  practically  no  ferro- 
cyanide.  I  found  that  such  a  pulp  could  then 
be  dried  without  loss,  and  the  reagents  added 
were  so  infinitesimal  that  they  could  not  influence 
the  weighings.  Usually  slimes  residues  were 
conveyed  to  me  in  screw-cap  jam  jars,  and  the 
necessary  reagents  added,  the  cap  screwed  on, 
the  jar  well  shaken  and  the  pulp  afterwards 
transferred  to  the  drying  vessel,  either  a  porcelain 
dish  or  enamelled  pan.  With  this  treatment 
the  total  gold,  dissolved  and  undissolved,  was 
recoverable. 

As  independent  testimony  of  the  efficacy  of 
this  method,  I  will  quote  from  a  communication 
received  from  an  assayer,  who  was  initially  a 
sceptic. 

Sample  of  partially  treated  slimes  pulp  in 
three  portions  : — 

Assay  Value 
dwts. 

No.  1.  Treated  as  above  described  ...      5-02 

No.  2.  Dried  without  treatment  ...     3"75 

No.  3.   Calculated  value  made  up  as  fi  .Hows ; 
Solution    63-7%    A.V.    TG    dwts., 
washed  residue  2*2  dwts.  ...     5-01 

This,  of  course,  is  by  no  means  typical  of  current 
slime  residue  pulps,  but  it  shows  a    loss    of    (.", 
of  the  dissolved  gold  by  simple  drying. 

I  scarcely  like  to  say  how  high  I  have  found  the 
difference  in  my  own  practice  on  -3  to'4  dwt. 
slimes  residues. 

Before,  concluding  this  short  note  I  wish  to 
affirm  that  as  many  as  30  to  40  solutions  can  be 
and  are,  comfortably  precipitated,  fluxed  and 
cupelled  alongside  of  current  work  daily  in  assay 
offices  on  the  Rand,  and  the  results  so  far   have 

never  been  contested.     I  should  also  like  t fi  i 

to  my  esteemed  Mexican  confrere  who  has 
curiously,  and  I  hope  unconsciously,  advocated 
the  use  of  ferro-cyanide  as  an  adjunct  to  the 
preparation  of  his  solutions.  The  addition  of 
ferro-cyanide  was  originally  suggested  to  me  by 
Mr.  Caldecott,  and  while  its  efficacy  as  well  as 
the  entire  chemistry  of  the  process  remains 
olwcnre,  it  is  certainly  remarkable  that  another 
assayer  should  have  so  precisel)  imitated  or 
originated  the  conditions  of  a  rest  in  constant 
use  mi  these  fields  since  1902.  In  discussing 
this  note,  1  hope  members  who  have  any 
istions    to    make     regarding     the     chemical 

reactions  involved  will  come  forward,  because 
discussion  on  these  points  will  surely  add  to  our 
knowledge  <>(  the  cyanogen  compounds.  This  is 
a  country  of  strenuous  workers  win.  seldom  have 
time  or  opportunity  for  investigations  into  theory 
and,  as    in    this    case,  prefer    to    leave  it  alone  SO 

long  as  results  are  correctly  obtainable. 
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Mr.  H.  A.  White  {Member  of  Council):  I 
should  like  tn  propose  a  vote  of  thanks  to  Mr. 
Whitby  for  this  excellent  little  paper,  which  deals 
fully  but  concisely  with  matters  he  has  already 
brought  before  this  Society  some  time.  ago. 

I  would  point  out  that  the  basis  of  this  method 
is  Prof,  de  Wilde's  method  for  dealing  with 
cyanide  solutions,  brought  before  this  Society  in 
1S9S  (vol.  ii.,  p.  337).  Dr.  Loevy,  who  was 
then  President,  described  the  method  as  a  perfect 
and  complete  precipitation  for  analytic  purposes. 
Later  on  (vol.  ii..  p.  407)  Mr.  J.  E.  Williams 
supported  this  as  the  result  of  his  own  experi- 
ments. Since  that  time  I  have  used  this  method 
very  largely,  but  as  my  procedure  was  somewhat 
different  from  that  described  by  Mr.  Whitby,  I 
will  briefly  describe  it.  I  use  nothing  but  a 
saturated  solution  of  cuprous  chloride  in 
hydrochloric  acid  and  a  5%  solution  of  potassium 
ferrocyanide.  The  cuprous  chloride  may  either 
be  bought  as  such  or  the  solution  prepared  by 
saturating  strong  hydrochloric  acid  with  copper 
sulphate  and  reducing  in  a  well  stoppered  bottle 
with  excess  of  copper  in  the  form  of  wire  or 
strips.  I  do  not  find  it  necessary  to  add  further 
cyanide  even  to  mill  water  samples. 

Suppose  a  sample  of  solution  leaving  the  slime 
boxes  is  to  be  assayed,  the  method  is  as  follows  : 

A  very  large  beaker  is  taken,  and  in  it  are 
■placed  2,333  c.c's.  (80  A.T.)  of  solution  and  a 
drop  of  silver  nitrate  solution,  sufficient  to  part 
OT0  dwt.  A  few  drops  of  solution  of  the  ferro- 
cyanide are  then  added,  followed  by  sufficient 
acid  cuprous  chloride  solution  to  bleach  the  first 
formed  precipitate  of  cupric  ferrocyanide  so  that 
the  precipitate  remains  nearly  white  when 
vigorously  stirred.  Then  in  order  to  flocculate 
this  somewhat  unsatisfactory  >vhite  precipitate  a 
further  addition  of  solution  of  ferrocyanide  is 
made  until  on  stirring  the  resulting  brownish 
precipitate  settles  well. 

It  will  be  noticed  that  I  use  the  ferrocyanide 
as  an  indicator  of  complete  reduction  of  the  solu- 
tion and  then  as  a  flocculating  agent  in  order  to 
secure  rapid  but  complete  filtration.  Its  use  in  the 
latter  capacity  was  mentioned  by  Mr.  G.  W. 
Williams  (vol.  iv.,  p.  50-i),  and  suggested  itself  at 
once  to  any  experimenter  who  noticed  how  much 
more  satisfactory  was  the  filtration  when  ferro- 
cyanides  w7ere  present,  as  is  usually  the  case  with 
certain  solutions  sent  for  assay. 

I  agree  with  Mr.  Whitby  that  an  addition  of 
cuprous  chloride  should  be  made  to  samples  of 
slime  residue  before  drying  down,  and  in  accord- 
ance with  Prof,  de  Wilde's  latest  solution  method 
(vol.  viii.,  p.  327)  only  a  few  drops  of  a  saturated 
solution  are  required,  and  there  is  no  risk  of  loss 
of  gold  from  copper  in  the  lead  buttons.  AVe 
made    several   comparative   experiments    at    the 


May  Consolidated  G.  M.  Co.,  and  found  a  differ- 
ence of  0-05  dwt.  in  favour  of  Mr.  Whitby's 
method.  This  has  not,  however,  I  have  been 
informed,  the  usual   experience  oi  t  one 

other  mine,  but  I  always  recommei  i  ption 

of  this  simple  precaution  which  w<  ly  owe 

to  Mr.  Whitby.     I  call  the  ant  1km  tion  to 

the  correspondence  in  the  May  Joui  <•'  this 

question,  as  he  seems  to  have  overlooked  Mr. 
S.  H.  Pearce's  error  in  referring  to  a  pap<  r  read 
before    this    Society    by    Mr.    Rusi  vol.    ix., 

p.  101). 

EXPERIMENTS  OX  THE  ASSAY  OF  ACID 
WASHES  RESULTING  FROM  THE 
CYANIDE  "CLEAN  UP"  BY  TH1  USE 
OF  BISULPHATE. 


By    L.    J.    WlLMOTH    (Me 


It  is  a  common  practice  on  man.  mines  on  the 
Rand    to  run    the   waste  acid  wa  lean 

up  into  large  tanks  for  subsequent  treatment 
with  zinc  fume  for  the  recovery  of  their  gold 
values.       Mr.     Donaldson's    pap<  last 

Journal    has    prompted     me     to  oi  ward 

the  results   of   a  few  comparative  ently 

made  on  the  assay  of  these  acid  washes,  and 
I  trust   that   other  assayers   will  ward 

with    their    experiences    in    the  this 

type  of  sample,  so  thai  we  may  rrive  at  a 
more  or  less  standard  method  of  a  hese 

fields  with  the  great  uniformity  i  iple  to  be 

dealt  with — both  routine  and  byt--prod.net  wi  >rk — 
there  is  little  excuse  for  the  diversity  of  i  Lethods 
in   vogue  at  present,  and    it  is  time  vers 

settled  down  to  some  uniformity  of  method.  This 
diversity  of  method  is  pi  (bably  more  marked  in 
our  routine  work  than  in  anythii  a  is  to 

be  greatly    deplored.     A   standai  our 

methods  would  tend  to  much  greater  a<  ■  uracy, 
which  after  all  is  what  <  institutes  our  vali  e  to 
this  great  industry. 

This  experimental  worl  was  d  •  o  or 

three  months  ago,  and  I    rust  the  res  II  be 

of  some  interest  to  mem 

In  all  cases  the  amount  of  solution  taken  for 
actual  assay  was  taken  by  weight  and  n<  t  by 
measurement,  on  account  of  the  .         scific 

gravity  of  the  different      mples  ■  In 

practice  this  point  is  of  _  eat  in  any 

error  at  this  stage  maj   introdi  cable 

error  in  the  results.     In  mosl  ;hese 

solutions  an  amount  of    i  ioul  20    '.'■  Jd  be 

taken,  though  with  the  will 

give  quite  reliable  resu  The  main  t  of 

these  investigations  was  iscerl  Lnifthemi  hod 
in  use  (spoken  of  hen        the  hod) 
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is  ace  md  whether  failing  accuracy  it  could 

be  improved  upon  by  any  other  method. 

Th'  stai  lard  method  is  as  follows,  20  A.T.  of 
the  solution  to  be  assayed  is  acidified  with  7  c.c. 
of  a  1"  sulphuric  acid  solution  and  then  25  c.c. 
of  a  1  •  >[>er  sulphate  solution  is  added.    The 

samp'  i  mght  to  the  boil  and  about  2  gm.  of 
zinc  f  added.     As  the  action  starts,  and  in 

fact  during  the  whole  time  of  evolution  of 
hydrogen  the  zinc  fume  shows  a  tendency  to 
aggloi  .  and  care  has  to  be  taken  that  this  is 

prevented  >y  frequent  stirring.  Agglomeration 
of  the  /.iii.'  fume  has  a  tendency  to  interfere  with 
the  accuracy  of  the  results.  After  complete  solu- 
tion of  the  zinc  the  precipitated  copper  is  caught 
on  a  l  tper  which  after  filtering  is  fluxed  in 

the  usual  way  having  soda  in  excess  in  the  charge. 
The  proportion  of  soda  to  borax  is  usually  2  :  1. 
The  s  _  from  this  fusion  are  always  very 
coppe  id   the  cupels  after  cupellation   very 

heavil  lined.       Results    from    this    method 

always   ■  _     e  very  well. 

The  first  step  in  these  few  tests  was  a  compari- 
son between  the  standard  method  and  (1) 
evaporation  with  litharge,  (2)  boiling  with  an 
alkalii.  3ulphide  in  an  acid  solution,  (3)  a  slight 
modifical      i 

The  method  No.  2  was  as  follows,  20  A.T.  of 
sample  re  taken  and  acidified  with  strong 
hydrochloric  acid.  The  sample  was  brought  to 
the  boil  and  30  c.c.  of  10%  sodium  sulphide 
added.  The  boiling  was  then  continued  for  a 
further  15  minutes.  A  few  cubic  centimetres  of 
a  10%  solution  of  lead  acetate  were  now  added. 
This,  on  'ining  into  contact  with  the  solution, 
was  immediately  converted  into  sulphide,  which 
acted  as  a  collecting  agent.  The  sample  was 
now  filti  i  d  and  the  filter  paper  and  its  contents 
fused  with  a  little  borax  and  litharge.  The  idea 
of  this  iras  to  precipitate  the  gold  as  a  sulphide 
and  also  to  collect  it  free  from  any  zinc  and 
copper.  S  parating  out  the  zinc  first  in  any  form 
would  probably  lie  unsatisfactory,  as  its  bulkiness 
would  probably  lead  to  the  retention  of  the  gold  to 
a  considei  Lble  extent.  The  method  No.  3  was 
merely  8  nodification  of  the  standard  method. 
Thinking  the  copper  in  the  slag  and  the  lead 
button  mi:  hi  haw  a  tendency  to  give  low  results 
the  following  modification  was  tried:  After 
collecting  the  copper  precipitate  on  the  filter 
paper  it  was  treated  with  warm  dilute  nitric  acid 
to  dissolve  it  out.  After  complete  solution  of  the 
copper  (which  IS  very  rapid)  the  filter  paper  was 
run  down  with  a  little  borax  and  litharge. 

In  fusing  the  residue  from  the  evaporation 
with  litharge  a  flux  consisting  of  merely  litharge 
and  borax  was  used  to  demonstrate  the  effect  of 
unsuitable  fluxing.  The  following  is  a  summary 
of  the  results  of  these  four  tests  : — 


Evaporation 

with  litharge    Standard        Standard       Alkaline 
dux  unsuitable    method       Cu  dissolved     sulphide 
0-63  dwt.      1-55  dwt.      1-53  dwt.     090  dwt. 
The  low  results  by  the  evaporation  method  are 
accounted  for  altogether  by  the  unsuitability  of 
the  fluxing.     The  only  difficulty  to  be  overcome 
is    the    presence  of  the  zinc.     Further    samples 
were  taken   and   another  test   run   between   the 
standard  method  and  evaporation  with  litharge, 
this  time  using  a  flux  suitable  for  the  charge  to 
be  handled.     The    proportions    of    litharge    and 
borax  were  altered  and  soda  and  a  small  portion 
of  silica  added.     The  results  in  this  case  were  as 
follows  : — 

Standard  method.        Evaporation  with  litharge. 

0-26  dwt.  0-23  dwt. 

Looking  back  at  these  methods  it  will  be  seen 
the  results  undoubtedly  point  to  the  superiority 
of  the  standard  method  over  the  alkaline  sulphide 
method.  The  lowness  of  the  results  in  this  case 
can  only  be  accounted  for  by  the  interference  of 
the  zinc  contents  of  the  solution.  The  evapora- 
tion method  with  suitable  fluxing  of  the  residue 
gives  good  results  though  slightly  lower  than  the 
standard,  here  again  the  zinc  may  account  for  the 
difference.  The  lowness  of  the  results  with  modi- 
fication (3)  is  difficult  to  explain  but  is  probably 
due  to  solution  of  gold  as  well  as  copper  when 
the  latter  is  being  dissolved. 

Another  modification  of  the  standard  method 
was  tried.  This  consisted  of  adding  a  small 
quantity  of  sodium  sulphide  to  the  solution  after 
complete  solution  of  the  zinc,  and  continuing 
boiling  for  a  further  10  minutes  before  filtering 
when  the  precipitate  was  treated  in  the  usual 
manner.  The  results,  however,  showed  no  im- 
provement. 

Standard  method  and 
Standard  method.  alkaline  sulphide. 

0-28  dwt.  0-26  dwt. 

In  all  these  comparisons  the  standard  method 
gave  the  highest  results,  but  the  presence  of  the 
metallic  copper  on  the  filter  paper  undoubtedly  is 
the  weakest  part  of  the  process,  as  from  there  it 
passes  to  the  crucible  to  be  fluxed  off  as  well  as 
possible.  This  method  relies  upon  the  evolution 
of  hydrogen  by  a  zinc  copper  couple,  and  so  a 
test  was  tried  in  which  the  copper  was  replaced 
by  lead,  thus  giving  an  efficient  and  at  the  same 
an  unobjectionable  material  to  handle.  The 
nut  led  tried  was  one  described  by  (..'biddy  in  the 
Engineering  and  Mining  Journal  some  time 
back.     In  this  test  the  standard  method  was  run 

as  usual,  and  the  following  was  the  lead    method. 

10  A.T.  of  solution  to  be  assayed  were  taken  and 

first   10  C.C.  of   a    10       lead    acetate   solution    were 

added  then   15  c.c.  of  strong  hydrochloric  acid. 

The  solution  is  brought  to  the  boil  and    2   gm.  of 
zinc  shavings   added,      The  boiling  is  continued 
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until  all  the  lead  sulphate  (due  to  sulphates 
present  in  solution)  is  decomposed  and  a  clear 
solution  obtained.  The  precipitate  is  filtered 
and  fused  under  borax.  There  are  several  little 
points  of  importance  to  be  noted.  It  is  essential 
to  decompose  all  the  sulphate  of  lead  present  or 
mechanical  losses  will  ensue,  also  the  acid  must 
be  added  before  the  zinc  shavings. 

The    results    by    these    two    methods    are    as 
follows  : — 

Standard  method.  Chiddy's  method. 

2-02  dwt.  2-14  dwt. 

•18     „  -22     „ 

•49     „  -45     „ 

•12     „  -13     „ 

1-27     ..  1-44     „ 


Av.        0-816  dwt.  0-876  dwt 

In  the  above  comparison  it  will  be  seen  that 
Chiddy's  method  gives  a  result  higher  by  -06  dwt. 
In  only  one  of  the  above  tests,  which  are  single 
assays  on  different  samples  does  the  standard 
method  give  the  higher  result.  It  would  seem 
that  the  advantage  lies  with  the  use  of  lead 
acetate  instead  of  copper  sulphate  in  supplying 
the  material  for  the  couple. 

A  comparison  of  the  cupels  used  in  the  different 
methods  is  most  striking,  and  one  of  the  chief 
causes  of  the  advantage  lies  in  the  cleanness  of 
the  lead  button  for  cupellation.  A  comparison 
■of  the  slags  by  the  two  different  methods  also 
suggests  a  further  cause  for  the  difference. 

A  test  was  run  to  ascertain  the  effect  of  the 
sediment  so  often  noticed  in  the  sample  bottles. 
A  bottle  was  taken  and  shaken  thoroughly  and 
then  a  portion  taken  for  assay  while  the  sediment 
was  still  in  suspension.  The  bottle  was  now 
placed  on  one  side  for  a  couple  of  hours,  and 
when  the  sediment  had  settled  a  sample  of  clean 
solution  taken  for  assay  by  Chiddy's  method. 
The  results  were  as  follows  : — 

With  shaking.  Without  shaking. 

1-27  dwt.  0-23  dwt. 

This  illustrates  the  effect  of  the  sediment  on  the 
assay  value.  In  reviewing  these  few  experiments 
it  would  appear  that  to  obtain  the  highest  results 
the  sample  bottle  should  be  thoroughly  shaken 
up  and  Chiddy's  method  of  assay  used.  The  use 
of  either  the  standard  method  or  the  evaporation 
with  litharge  if  carried  out  properly  with  care  as 
to  the  use  of  a  suitable  flux  will  yield  good 
results,  but  slightly  lower.  Of  these  two,  the 
standard  method  gives  the  better  results  as  the 
copper  exerts  less  injurious  effects  in  the  crucible 
than  the  zinc. 

From  the  reduction  works  manager's  point  of 
view  this  last  test  is  of  importance  as  it  is  he 
who  has  to  put  the  assay  values  to  their  true  use 
either  in  guiding  his  work  or  in  working  out  his 


reports.  The  assayer  is  merely  interested  in 
getting  the  true  assay  value  of  the  samples  sub- 
mitted. The  question  naturally  crops  up  what 
chances  are  there  that  the  sample  submitted 
truly  represents  the  material  sampled,  but  that 
comes  outside  the  scope  of  this  short  paper,  and 
is  trespassing  on  the  domain  of  the  cyanide 
works.  In  any  case,  it  is  a  question  well  worth 
investigating  by  those  interested,  and  is  one  that 
should  well  repay  the  time  devoted  to  it. 

The  President :  This  paper  is  exceedingly 
interesting  to  the  assayers  who  are  present  to- 
night, and  we  are  indebted  to  Mr.  Wilmoth  for 
bringing  it  forward.  I  should  like  to  remark  on 
one  or  two  points  as  I  have  done  a  considerable 
amount  of  work  in  this  connection.  The  solution 
for  assay  should  be  a  weighed  quantity  as  I  have 
found  this  run  as  high  as  1T2  in  specific  gravity. 
For  the  last  five  months,  I  have  been 
carrying  out  some  tests  to  check  the  standard 
method.  During  that  time  our  acid  solutions 
have  been  treated  with  zinc  fume,  in  each  lot 
assays  being  taken  before  and  after  treatment. 
According  to  the  assay  we  ought  to  have  got 
between  76  oz.  and  77  oz.  of  fine  gold,  but  whpn 
we  had  specially  run  it  down  in  pots  we  got 
86  oz.  of  gold  bullion,  which  ran  about  900  fine. 
I  reckon  that  is  about  as  close  as  anyone  can 
expect  to  get  with  this  class  of  solution,  especially 
as  the  difficulty  of  sampling  is  great.  I  would 
propose  a  hearty  vote  of  thanks  to  Mr.  Wilmoth 
for  bringing  forward  this  paper  to-night. 

Mr.  A.  F.  Crosse  (Past-President)  :  I  should 
like  to  ask  one  question.  In  what  condition  do 
you  think  the  gold  is  in  these  solutions  1 

Mr  L.  J.  Wilmoth  (A/ember)  :  I  think  you 
will  find  the  bulk  of  it  is  in  suspension.  There 
is  probably  very  little  in  the  solution.  The  high 
specific  gravity  of  the  solution  makes  it  very 
difficult  to  get  it  all  down. 

Mr.  A.  Whitby  (Member  of  Council)  :  I  have 
much  pleasure  in  seconding  the  vote  of  thanks  to 
Mr.  Wilmoth  for  these  notes,  especially  as  the 
subject  presents  difficulties,  and  the  author  has 
given  us  the  record  of  work  done.  I  do  not  in 
any  way  wish  to  criticise  at  this  juncture,  but  I 
notice  that  the  comparison  instituted  between  the 
author's  method  and  Chiddy's  appears  to  show 
that  the  latter  is  to  be  preferred.  On  general 
grounds  the  comparatively  large  amount  of  copper 
which  would  necessarily  find  its  way  into  Mr. 
Wilmoth's  lead  buttons,  would  always  tend  to 
give  low  cupellation  results,  which  will  doubtless 
explain  the  comparative  failure  of  the  so-called 
standard  method.  I  am  quite  in  agreement  with 
the  author  on  the  general  ground  of  standardisa- 
tion, but  the  term  appears  a  little  unhappy  in  this 
case. 
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Mr.  L.  J.  Wilmoth  :  I  would  like  to  point 
out  that  the  method  which  in  this  paper  I  call  the 
standard  method  is  not  an  original  one  of  my 
■own.  I  believe  it  originated  in  the  Goldfields 
Laboratory. 

Mr.  H.  A.  White  (Member  of  Council)  :  Mr. 
President,  I  join  issue  with  both  yourself  and  the 
author  of  this  paper  in  regard  to  the  weighing  of 
these  solutions.  You  have  just  now  pointed  out 
that  from  a  certain  quantity  you  have  recovered 
very  closely  the  amount  called  for  by  assay  ;  1 
am,  however,  fairly  safe  in  saying  that  you  esti- 
mated that  quantity,  not  by  weighing  but  by 
measuring  'the  volume.  I  consider  that,  as  is 
usual  on  these  fields,  a  measured  quantity  should 
be  taken  for  assay  purposes  where  solutions  are 
dealt  with  by  volume,  and  that  the  assay  returns 
should  show  the  result  as  value  per  fluid  ton  of 
32  cub.  ft.  This  method  has  been  in  use  for 
ordinary  cyanide  solutions  for  a  very  long  time, 
and  disturbing  it  in  the  method  proposed  only 
provides  extra  labour  without  increase  of  accuracy. 

Prof.  G.  H.  Stanley  (Member  of  Council)  :  I 
agree  with  Mr.  White.  If  actual  weight  is 
required,  it  is  an  easy  matter  to  get  it  by  taking 
specific  gravity  with  a  hydrometer,  but,  as  he 
says,  it  is  volume  which  is  always  taken. 

The  President  :  Mr.  White's  suggestion 
tends  to  alter  assay  methods,  and  until  this  is 
general  I  am  afraid  we  cannot  aceptit.  The 
assayer  reports  as  per  ton  of  2,000  lb.  and  not 
per  fluid  ton.  The  calculation  of  this  value  to 
the  measured  volume  is  easily  accomplished  by 
the  cyanide  manager. 

Mr.  F.  W.  Watson  (Member):  Why  does 
Mr.  Wilmoth  add  alkaline  sulphide  to  a  strongly 
acid  solution,  if  H..S  in  the  nascent  state  is 
required1'  The  author  should  have  stated  this, 
since  it  seems  to  me  that  it  would  be  as  efficient 
to  pass  ELS  slowly  through  the  solution. 

The  Secretary  read  the  following  reply  : 

THE  DISTRIBUTION  OF   THE  GOLD 
PRODUCED  OX  THE  RAND. 


(Bead  at   February  Meeting,   1909.) 


By  T.  Kiukh  Rose,   D.Sc,  A.B.S.M.,  M.I.M.M., 
F.C.S.   (Hon.  Member). 

REPLY   TO    DISCUSSION. 

Dr.  T.  Kirke  Rose  (Hon.  Member) :  I  appreci- 
ate very  much  the  kind  observations  made  on  this 
paper,  but  have  not  much  to  say  in  reply  to  the 
•points  that  have  been  raised. 

In  answer  to  Mr.  Caldecott,  (a)  \  have  no 
opinion  to  express  on  this  point.      (b)  The  gold 


bullion  imported  into  the  Royal  Mint  is  for  the 
most  part  refined  by  sulphuric  acid,  (c)  I  have 
no  information  as  to  the  purchasers  of  gold 
exported  from  the  United  Kingdom.  War 
chests  are  expensive  luxuries,  tending  to  defeat 
their  own  objects.  There  is  nothing  to  show 
that  the  new  supplies  of  gold  are  being  hoarded 
except  by  private  individuals  in  Egypt  and 
India.  They  seem  to  be  used  general!)  in  the 
Arts,  for  currency,  and  as  a  basis  for  currency. 

In  reply  to  Mr.  Bevington,  I  see  on  referring  to 
the  tables  that  the  chief  changes  in  the  imports 
of  gold  bullion  into  the  United  Kingdom  from 
the  Best  of  World  were  as  follows  : — 

1905  1906  1907 

oz.  oz.  oz. 

Germany  ...  150        171.058       367,023 

United  States...       6,363  18,576        170,006 

These  imports  no  doubt  consisted  of  refined 
bullion  of  high  grade,  although  the  values  are 
not  given  in  the  tables.  The  amounts  are  quite 
enough  to  account  for  the  improvement  in  tie- 
mean  fineness  of  the  imported  bullion,  and  show 
that  the  President's  (Mr.  Bevington)  surmise  is 
correct. 

THE   PILGRIMS   BEST   GOLD    FIELDS 
AND    MINING    METHODS. 


(Read  at  March   Meeting,  1909.) 
By  J.  Moyle-Phillips  (Member). 


REPLY    TO    DISCI  SSION. 

Mr.  J:  Moy'e-Phillips  (  M<  mb<  r)  -.  See  Fig.  I., 
"Vertical  Section  along  the  strike,"  should  read 
"  Vertical  Section  parallel  to  outcrop."  As  the 
arrow  indicates  that  the  general  clip  of  the  country 
is  W,  it  is  obvious  that  the  section  was  not  taken 
along  the  strike.  The  true  bearings  of  the 
section  are  E.N.E.  to  VY.S.VY. 

As  regards  Mr.  Price-Griffith's  contention  that 
the  Theta  reef  is  "one  well  defined  interbedded 
sheet,''   and   not   a  coalescence  of   two  or    more 

reefs  as  quoted  by  me.  it   would  be  iiioie  convinc 

ing  if  he  showed  what  became  of  the  Bevets  reef 
which  lies  above  the  Theta  reef  and  between  it 
and  the  shales— -when  the  Theta  reef  comes  into 
immediate  contact  with  the  shales  as  it  dors  in 
Beveral  places  in  the  Clewer  mine. 

In  quoting  three  reefs  as  lying  in  the  dolomites 
viz.,  Bevets,  Theta  and  Beta,  throughout  my 
paper,  I  am  giving  the  general  idea  prevalent  in 
this  district,  and  also  suggested  by  Mr.  Hall  in 
his  report  on  the  Geological  Survey  of  this 
district      in      1906.       My     own     idea,     after      three 

years' observations,  is  thai  there  is  only  our  or 
possibly  two  true  reef-;,  viz.,  Bevets  or  Theta  or 
Bevets  and  Theta.     Nowhere  in  the  district  as 
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far  as  I  have  been  able  to  ascertain  have  the 
so-called  three  distinct  reefs  been  found  in  the 
same  locality,  and  where  two  of  them  have  been 
found  only  one  has  ever  proved  payable.  Of 
the  two  so-called  distinct  reefs  in  the  Beta  mine 
— Bevets  (or  Theta)  and  Beta  only,  the  so-called 
Beta  has  been  worked,  the  other  being  unpayable. 
Again,  at  Frankfort,  where  they  have  the  Bevets 
and  the  Theta  (or  Beta)  reefs  only,  the  Bevets  reef 
has  proved  payable. 

I  cannot  agree  with  Mr.  Price-Griffiths  that 
the  term  "  indicator  "  as  applied  to  that  parti- 
cular quartz  leader  lying  immediately  above  the 
Theta  reef  in  the  Clewer,  is  a  misnomer,  as, 
where  the  reef  does  not  outcrop,  in  sinking  for 
the  reef  when  one  strikes  this  leader  surely  it 
may  be  called  an  indicator  from  the  fact  that  the 
true  reef  is  in  close  proximity. 

As  regards  the  manner  in  which  the  reefs  were 
formed,  I  gather  from  the  reports  of  the  meetings 
of  the  Geological  Society  that  that  body  is  not 
itself  prepared  to  state  in  what  manner  these  reefs 
were  formed,  hence  I  fear  to  step  in  where  they 
fear  to  tread. 

I  am  sorry  to  have  to  tell  Mr.  Mance  that  the 
particulars  he  asks  for  are  not  available. 

I  tender  my  thanks  to  Messrs.  Caldecott, 
Richardson,  Mance  and  Saner,  for  their  interest- 
ing additions  to  the  paper,  which  have  greatly 
enhanced  its  value,  and  I  also  have  pleasure  in 
acknowledging  the  assistance  rendered  me  by 
Mr.  Hall's  report  of  his  Geological  Survey  of 
1906,  and  although  many  of  his  remarks  are  open 
to  argument  yet  the  report,  as  a  whole,  gives  a 
very  lucid  and  descriptive  account  of  the  district. 

I  also  tender  my  thanks  to  Mr.  Leggett-Xeale 
— General  Manager  -and  Mr.  R.  Sutherland,  and 
members  of  the  Survey  Department  of  the 
T.G.M.E.,  Ltd.,  for  their  kind  assistance,  more 
especially  the  former,  as  without  his  approval 
and  help  the  paper  could  not  have  been  written, 
and,  lastly,  to  Mr.  A.  Richardson,  who  has  so 
ably  chaperoned  the  paper  through  all  its  various 
stages,  and  to  whom  the  idea  of  writing  it  is 
primarily  due. 

SMALL  MIXES  OF  RHODESIA. 
(Read  at  September  Meeting,  1908.) 


By  B.   I.   Collings  (Member). 


REPLY    TO    DISCUSSION. 

Mr.  B.  I.  Collings  {Member):  I  am  afraid 
Mr.  Phillips  misunderstood  my  remarks  on  the 
subject  of  the  age  of  the  ancient  workings  in 
Rhodesia.  I  consider  that  the  more  recent  ones 
may  be  200  years  old,  or  possibly  less,  but  there 


is  no  doubt  that  many  of  the  ancient  workings 
are  very  much  older  than  this. 

The  tables  supplied  by  Mr.  Phillips,  showing 
the  length  of  the  payable  chutes,  give  results 
which  are  typical  of  the  smaller  quartz  mines  of 
the  country. 

Mr.  Kingston  points  out  that  the  present  day 
tributor  does  not  work  under  the  same  advantages 
as  those  who  started  the  movement  some  four  or 
five  years  ago.  It  is  a  very  different  business 
crushing  ore  from  a  developed  property  to  open- 
ing up  one  from  grass  roots,  and  paying  one's  way 
while  developing. 

I  trust  that  further  Rhodesian  papers  may  be 
contributed  to  the  Society,  as  its  mines  afford 
innumerable  problems  of  interest. 

My  thanks  are  due  to  Mr.  A.  Richardson  for 
many  suggestions  while  writing  the  paper,  and. 
for  his  kindness  in  reading  it  before  the  Society. 

STOPE  MEASUREMENTS. 


(Read  at   Mai/   Meeting,   1909.) 
By  Otto  S.  Tonnesen  (Member). 

discussion. 

Mr.  K.  Tonnesen  (Member) :  In  the  Journal 
for  July  I  find  that  Dr.  Moir  has  offered  some 
criticism  on  this  paper.  As  you  are  probably 
aware,  the  author  of  this  paper  is  at  the  present 
on  a  trip  to  England  and  the  Continent,  and  his 
reply  can  therefore  not  be  expected  for  some  time. 
I  consider  that  Dr.  Moir  has  been  very  unfortu- 
nate in  his  criticism,  and  should  therefore  like  to 
make  a  few  remarks  in  connection  with  it.  I 
regret  that  I  could  not  do  this  earlier  owing  to 
temporary  absence  from  town. 

Anyone  reading  Dr.  Moir's  criticism  without 
being  familiar  with  the  mathematical  problems  in 
question  would  think  that  the  deductions  in  the 
original  paper  were  wrong  and  misleading.  That 
such  is  not  the  case  has  already  been  demonstrated 
by  Mr.  Coaton,  who  in  his  example  shows  a  differ- 
ence of  0'loS  in  278  4'_'8  between  the  method  of 
calculation  adopted  by  the  author  and  that  advo- 
cated by  Dr.  Moir,  or  about  0"057%.  But  says  Dr. 
Moir,  the  author  should  have  pointed  out  that 
his  method  was  an  approximation.  The  author, 
no  doubt,  took  it  for  granted  that  his  audience 
knew  that  any  application  of  mathematics  to 
practical  problems  involves  approximations.  Dr. 
Moir's  own  method  is  an  approximation,  and  is 
based  on  certain  assumptions  with  regard  to  the 
properties  of  the  tape  line,  which  are  not  mathe- 
matically correct. 

The  assumption  used  by  the  author  is  generally 
adopted  on  similar  problems  in  engineering  cal- 
culations, not  because  v/e  do  not  know  the  theory 
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of  a  catenary  curve,  but  because  the  equation  of 
the  parabola  offers  so  much  quicker  and  easier 
solutions,  with  an  accuracy  generally  quite  suffi- 
cient for  all  practical  purposes. 

The  catenary  curve  would  be  the  line  of  equili- 
brium for  a  y  rfectly  flexible  tape,  which  is  loaded 
or  weighted  wniformly  along  its  length,  while  the 
same  tape  would  take  the  shape  of  a  parabola  if  it 
was  loaded  uniformly  along  the  horizontal  pro- 
jection of  its  length.  When  we  consider  how 
very  small  the  difference  between  these  two  con- 
ditions is  in  a  stretched  tape,  we  can  without 
further  calculations  realise  that  it  is  immaterial 
whether  one'Or  the  other  assumption  is  adopted. 
There  are  other  conditions  which  will  influence 
the  shape  of  the  stretched  tape  far  more  than 
this,  for  instance,  the  tape  is  never,  mathematic- 
ally speaking,  uniform  in  weight  even  when  new, 
much  less  when  it  gets  muddy  or  wet  ;  further, 
the  tape  will  be  more  or  less  twisted,  and  the 
portions  of  it  which  stand  on  edge  are  less  flexible 
than  when  it  is  on  the  flat.  Again,  if  we  want 
to  be  hairsplitting  we  should  take  into  considera- 
tion that  the  tension  is  not  constant  but  greater 
towards  the  end,  so  that  the  tape  here  will 
stretch  more,  and  consequently  weigh  less  per 
linear  unit. 

The  author  has  in  his  paper  on  Stope  Measure- 
ments figured  out  the  area  of  the  segment  enclosed 
by  the  tape  in  order  to  prove  how  defective  the  old 
methods  of  stope  measurement  sometimes  are. 
Now  it  is  clear  that  if  there  is  any  appreciable 
difference  at  all  in  this  area  whether  the  curve  is 
calculated  as  a  parabola  or  a  catenary,  this  differ- 
ence would  be  in  the  author's  favour  as  it  would 
increase  the  area  of  the  segment  and  consequently 
iV crease  the  errors  of  stope  measurement  with 
offset.     If  the  full  drawn  line  on  the  figure  repre- 


Fig.  I. 
sents  a  parabola,  then  a  catenary  with  the  same 
sag  would  resemble  the  dotted  line.  Even  if  we 
are  not  familiar  with  the  geometrical  properties 
of  the  catenary,  we  can  easily  realise  this  when 
we  remember,  as  I  have  stated  before,  that  a  tape 
which  takes  the  shape  of  a  catenary  is  one  which 
is  slightly  heavier  loaded  towards  the  end  than 
one  which  would  form  a  parabola.  But  when  we 
increase  the  load  'if  a  tape  at  a  certain  point,  we 
also  increase  the  curvature  at  the  same  point. 

I  -hall  ii' iw  deal  with  a  couple  of  points  in  Dr. 
Moil's  criticism,  where  he  apparently  lays  himself 
open  to  counter  attacks.  The  author  in  his 
paper  is  dealing  with  an  example,  taking  the 
length  of  the  offset  line  A — B  as  .'516  ft.  and  the 
Bag,  projected  on  the  reef  plane,  as  2  ft.,  and  he 
says    that    the    area    of    the    parabolk    segment 


equals  two-thirds  of  the  circumscribed  parallelo- 
gram. Xo  reader  should  be  in  doubt  as  to  which 
parallelogram  this  refers,  as  the  sentence  is  also 
expressed  in  figures  :  |x  2  x  316,  the  parallelo- 
gram therefore  must  have  an  area  of  2x316, 
which  is  the  circumscribed  parallelogram  I  show 
in  dotted  lines  on  the  figure. 

K 3/6'    H 


Fig.  II. 

Dr.  Moir  seems  to  think  that  the  author  is 
wrong  in  stating  that  the  parabolic  segment  is 
two-thirds  of  this  parallelogram,  and  assumes 
that  the  author  has  been  mixed  up  with  another 
mathematical  sentence  which  Dr.  Moir  brings 
forward  but  which,  however,  has  no  direct  bear- 
ing on  the  point  in  question 

Dr.  Moir  has  then  gone  to  some  trouble  in 
working  out  the  segment  area  by  means  of  an 
integration  of  the  catenary  as  expressed  by  hyper- 
bolic functions.  Had  these  mathematical  deduc- 
tions been  correct,  they  would  not  have  been  with- 
out a  certain  theoretical  interest,  if  nothing  else 
just  to  show  that  we  have  also  on  the  Rand  men 
capable  of  dealing  with  higher  mathematical 
problems.  Unfortunately,  however,  the  result 
appears  to  be  wTrong  on  the  face  of  it,  and  there- 
fore discourages  any  attempt  to  follow  Dr.  Moir's 
deductions.  Dr.  Moir  finds  the  segment  area  to 
be:— 


.  _  S£     S/2  si n  a 
3  6'/ 


when    S  =  sag,    1  =  length  of 


tape,  and  o  slope  of  same.    If  we,  however,  apply 

this  equation  to  the  case  that  a  —  0,  that  is  to  a 

tape   with   its   two  ends,  both  held  on  the  same 

level,  we   get  sin  a  =  0,  and  the   equation   takes 

S^ 
the  form  A  =       or  less   than   a   triangle  with   a 
3 

base  =  length  of  tape  and  height  =  sag,  which  is 

absurd.     Dr.    Moir's  tape   would   have  to    hang 

something   like  the  dotted    line    shown    on    the 

figure. 


Fig.  hi. 


THE    EFFECT   ON    AMALGAMATION,  OF 

DIFFERENT  [NTERVALS  OF  TIME 
BETWEEN  THE  DRESSINGS  OF  PLATES. 


(Bead  at  ,?„„,    Meeting,   1U09.) 
By  G.  0.  Smart  (Member  of  Council). 

DISCI  BSION. 

The  President  :    I  may  Bay  we  have  adopted 
this   method  of  twelve   hourly    dressing    on    the 
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Simmer  Deep  and  Jupiter  mill,  and  we  find  that 
it  answers  very  well  indeed.  The  plates,  after 
seven  weeks'  running,  are  in  first  class  condition, 
and  we  are  getting  the  same  proportionate  quan- 
tity of  gold  as  we  had  in  the  eight  hours'  dress- 
ing. We  have  also  followed  Mr.  Snfart's  lead  with 
the  tube  mill  plates,  and  have  adopted  the  eight 
hourly  dressing  with  equally  good  results. 

THE    CONTINUOUS    COLLECTION    OF 
SAND   FOR   CYANIDING. 


(Read  at  October  Meeting,  1909.) 


By  W.  A.  Caldecott  (Past-President). 


DISCUSSION. 

Mr.    H,    A.    White    (Member   of  Cowncil)  : 

Although  I  notice  no  extravagant  claims,  refer- 
ences to  "  New  Metallurgy"  or  the  like,  I  con- 
sider that  this  able  paper  chronicles  not  only  a 
departure,  but  a  distinct  advance  in  Rand 
metallurgical  practice  There  are  two  features 
upon  which  the  author  may  be  especially  con- 
gratulated :  not  only  is  the  plant  described 
actually  running  upon  a  working  scale,  but  full 
details  are  supplied  of  costs  and  results  in  place 
of  the  more  usual  sanguine  anticipations  with 
which  we  are  all  familiar.  So  full  and  complete 
a  description  demands  a  careful  consideration 
and  detailed  criticism  of  the  data  supplied.  Any 
alteration  in  ore  treatment  to  win  acceptance 
must  show  either  decreased  capital  cost,  decreased 
working  costs,  or  increased  extraction,  and  the 
method  advocated  seems  to  display  improvement, 
in  all  three  directions,  but  the  greatest  stress  is 
laid  upon  smaller  installation  costs.  I  cannot, 
however,  congratulate  the  author  upon  the  clear- 
ness of  the  estimates  of  capital  expenditure 
quoted,  and  no  proper  comparison  is  possible,  as 
the  items  are  differently  grouped  and  moreover 
mutually  inconsistent.  For  example,  the  ordinary 
system  quotes  9  items  totalling  £63,784  for 
treatment  vats,  structure,  etc.,  against  which  I 
only  find  one  item  "  treatment  vats  and  struc- 
ture :'  in  the  new  scheme,  and  this  amounts  to 
£23.156.  Notwithstanding  this  great  difference, 
it  is  only  claimed  on  page  51  that  26  vats  are 
required  in  place  of  48,  whereas  the  al>o\e  pro- 
portion would  be  about  26  to  71.  Tracks  under 
vats  are  not  mentioned  for  the  new  system  nor 
sumps  for  the  old  one.  We  may  no  doubt  have 
greater  confidence  in  the  difference  shown  for  the 
two  systems  which  amounts  roughly  to  £30,000, 
but  it  would  be  interesting  to  know  if  the  method 
in  use  on  the  new  plants  of  the  East  Rand  Mines 
is  not  cheaper  still.  There  the  difficulty  of 
treating  in   the   collecting  vats  is  evaded  so  far 


that  no  other  treatment  vats  are  provided.     It  is 
even  possible  that    if    perfectly    slime    free   sand 
could    be    collected    that  the  method  would  be 
economically  sound.       With    regard    to  working 
costs,  a  figure    of   roughly  one  penny  per  ton  is 
quoted,    and    I   think  it  should  be   made  quite 
clear  that  this  refers  to  total   collection  cost,  and 
not  to  extra  cost   for   the  new  method.     If  such 
were   the  case  the    reduction   in    capital    cost  of 
£30,000  on  5,350  tons  per  day  would  mean   the 
loss  in  working   cost   of  £8,000   per  annum.      I 
have  mentioned  this  point  because   I   know  that 
doubt   has   been    expressed,    although    it  seems 
quite  clear  to  me  that  total  costs  are  meant,  and 
even   that  these  are  a  little  lower  than   with   the 
usual  system.      With  reference  to   extraction,  the 
Simmer  and  Jack    figures  are  most   .-atistactory, 
and  though  the  actual  assay  differences  are   but 
small  the  tonnages   and   the  strictly  comparative 
nature   of  the   test   warrant   the   conclusion  that 
more  gold  can  be  got   in   less   time   and  that  we 
are    not    dealing    with     a     slight     bias    of     the 
personal    equation.       Such    a    conclusion   is  con- 
firmed by  the  assay   values   of  the  last  drainings 
and  an   examination   of  the  valuable   curve  dia 
grams.      The  figures  below  these  diagrams  show 
one  point   of  interest   which  deserves  discussion. 
The  double  treatment   final   drainings  are  steady 
at    0"08    dwt,    and    the    single  treatment   come 
down    to   0'20    dwt.    only.       Yet    the    dissolved 
gold,  by  difference  from   figures   quoted,   is  prac- 
tically  the   same  in    both  cases.       I  cannot  help 
thinking  that  a  direct  estimate   of   the  dissolved 
gold  would  showT  very  different  results.        This  is 
of  course  quite  a  side  issue,  and   does  not  affect 
•he  inference  Mr.  Caldecott  has  drawn,   but  it  is 
possible  that  an    apparent   discrepancy   may  con- 
ceal some  fact  of  real  importance,  as  was  the  case 
in  the  discovery  of  argon  in  the  air.       A  general 
review  of  the  subject   matter   of   this  paper  leads 
me  to  the  conclusion  that   the  success  arrived  at 
is   mainly   dependent  upon    the   practically  com- 
plete   elimination    of   slime  from   the  sand,  and 
that    this    matter    has     not     elsewhere     in     this 
country    received     quite    all    the     attention     its 
importance    demands.         I     gather     that     the 
moisture  in  the  collected  sand  will  average  about 
16%  and  that  in  the  discharged  residue  about  7% 
less.       If   5,000    tons   a  day  are   treated  on  this 
basis,   there   will   be    an    accumulation    of  weak 
solution  of  about  10,000  tons  per  month,  enough 
to  be  embarrassing,    unless   Prof,    de    Wilde's   or 
some  similar  method  be  employed   for  depriving 
it   of  gold   and  cyanide.       Possibly,   however,    a 
better   result   might    be    obtained    on    the    filter 
table  by  using  a  deeper  bed  with  slower  travel  or 
by  some  other  suitable  method.       I    would   sug- 
gest that  further  figures  are   required  to  demon- 
strate  the  gain   in   treating   8%   of  fine  sand  as 
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slime,  and  should  include  account  of  the 
dissolved  gold  carried  out  by  slime  residue  as 
compared  with  that  associated  with  sand,  the 
undissolved  gold  in  the  two  cases,  and  increased 
cost  due  to  extra  wear  of  pumps  (if  any).  In 
conclusion,  I  have  to  congratulate  this  Society 
upon  a  paper  so  valuable  to  us  and  to  the  world 
of  metallurgy. 

The  President :  I  expect  that  Mr.  Caldecott 
will  deal  with  Mr.  White's  remarks  personally, 
but  I  should  like  to  say  that  during  the  past 
week  we  have  been  able  to  run  with  one  vacuum 
pump  for  one  table,  and  the  result  has  been  very 
satisfactory,  as  the  15%  which  Mr.  Caldecott 
speaks  of  is  rather  high.  Our  present  results 
shows  12  moisture  in  our  sands  leaving  the 
table.  With  regard  to  the  point  that  some 
10,000  tons  of  solution  will  be  brought  into  the 
plant  monthly,  I  can  only  say  that  in  our  plant 
at  the  Simmer  Deep  it  has  not  proved  to 
be  the  case.  A  considerable  loss  of  water 
must  occur  through  evaporation,  both  of  the 
solution  in  itself  and  of  that  in  contact  with  the 
sands  during  transferring.  Our  last  four  results 
from  slimes  residues  gave  undissolved  gold  values 
at  0-08  dwt.;  0-10  dwt.,  0"09  dwt,,  0"08  dwt.  per 
ton  of  slimes,  thus  showing  a  very  satisfactory 
dissolution  of  the  gold  in  the  slimes. 

A  METHOD  FOE  THE  RECOVERY  OF 
ZINC  FROM  SOLUTIONS  OF  SULPHATE. 


{Read  at  September  Meeting,  1909.) 


By    W.m.    CULLEN    (Past-President)    and    G.    F. 
Ayers  (Associate). 


DISCUSSION. 

Prof.  G.  H.Stanley  (J/,  mber  of  Council)  :  In 
connection  with  this  paper  1  mentioned  last 
month  that  I  had  some  two  years  ago  deposited 
zinc  from  sulphate  solution.  I  had  some  speci 
mens  by  me,  and  I  have  brought  them  hern  for 
your  inspection  tonight.  With  certain  strengths 
of  solution  and  current  conditions  the  zinc  comes 
down  in  branching  crystals,  under  other  condi- 
tions in  spongj  masses  more  or  less  as  are  indi- 
cated on  the  blackboard  (illustrated  by  means  of 
diagrams).  Some  of  the  crystals  are  mounted  for 
microscopic  examination  and  ready  for  inspection 
under  the  microscopes  before  you,  at  the  close  of 
the  meeting. 

Mr.   A.  F.  Crosse   (Past-President):     Wh&\ 

Avould   it   cost  to   precipitate  a   ton  of  zinc  1     I 


think  experiments  have  been  made  in  Germany 
but  it  was  found  to  be  too  expensive. 

Prof.  C.  H.  Stanley:  After  making  these 
experiments  and  talking  to  one  or  two  Cyanide 
Managers,  my  opinion  was  something  like  that  of 
Mr.  Crosse.  I  scarcely  think  the  quantity  would 
repay  the  cost  and  trouble,  except  on  very  large 
plants. 

Prof.  J.  A.  Wilkinson  {Member  of  Council) 

read  the  following  contribution  : — 

Mr.  Thos,  Donaldson  {Member) :  Reference 
is  made  in  this  paper  to  the  fact  that  magnesite 
is  used  for  the  precipitation  of  zinc  as  zinc 
hydrate.  I  would  like  to  mention  another  pur- 
pose to  which  magnesite  has  been  successfully 
applied.  The  contact  substance  used  in  the 
"  oleum  "  plant  at  the  Modderfontein  Dynamite 
Factory  for  the  purpose  of  converting  sulphur 
dioxide  and  oxygen  into  sulphur  trioxide,  is 
magnesium  sulphate  which  has  been  impreg- 
nated with  platinum  chloride,  and  dried  at  a 
high  temperature.  After  being  in  use  for  some 
time  this  substance  loses  its  power  to  "convert" 
on  account  of  its  being  contaminated  with  im- 
purities taken  up  from  the  gases.  The  principal 
impurity  is  iron,  chiefly  in  the  form  of  sulphate, 
but  lead  sulphate  is  also  found,  although  in 
small  quantity.  These  -impurities  are  objection- 
able, and  a  means  for  their  removal  was 
sought,  and  found  in  the  use  of  magnesia.  In 
the  course  of  the  recovery  of  impure  contact 
substance,  the  magnesium  sulphate  has  to  be 
dissolved  in  water,  in  order  to  separate  the 
metallic  platinum  from  it.  This  solution,  which 
contains  also  the  iron  and  lead  salts,  is  heated 
up  by  steam,  and  stirred  by  compressed  air,  in 
order  to  oxidise  the  ferrous  salts.  Some  calcined 
magnesite  made  into  an  emulsion  with  water  is 
then  added,  and  the  agitation  is  continued. 
Sufficient  magnesite  is  used  to  neutralise  any  free 
acid  present,  and  convert  the  iron  into  hydrate. 
Even  if  insufficiently  oxidised  beforehand,  the 
iron  is  soon  converted  into  ferric  hydrate,  and 
precipitated,  carrying  down  with  it  any  lead 
present  in  solution.  With  regard  to  the  manner 
in  which  the  lead  is  brought  down,  I  would  refer 
any  one  sufficiently  interested  to  Mr.  Wilkie's 
paper  on  this  subject  published  in  the  Journal 
of  the  Society  of  Chemical  Industry,  June  30th, 
1909.  After  the  precipitate  has  been  allowed  to 
settle,  the  solution,  free  from  lead  and  iron  salts, 
can  be  decanted  off,  and  the  magnesium  obtained 
as  crystals  by  evaporation  of  the  water.  The 
working  out  of  this  Bhort  process  has  been  chiefly 
in  the  hands  of  my  colleague,  Mr.  Campbell 
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THE  SMELTING  OF  GOLD  PRECIPITATES 
AND  BULLION  WITH  OIL  FUEL. 

[Bead  at  June  Meeting,  1909.) 

By  Arthur   Yates,    M.I.M.M     (Corresponding 
Member  of  Council). 

DISCUSSION. 

Mr.  A.  Thomas  (Member):  It  is  always  a 
difficult  not  to  say  a  hazardous  matter  to  attempt 
to  criticise  or  discuss  a  paper  dealing  with  the 
methods  of  work  and  appliances  used  in  another 
part  of  the  world,  such  as  the  one  we  have  been 
favoured  with  by  Mr.  Yates,  from  the  Redjang 
Lebong  Gold  and  Silver  Mine,  Sumatra,  for  so 
important  a  part  do  local  conditions  play  in  the 
estimation  of  the  most  economical  and  efficient 
means  for  adoption  that  what  may  be  very  good 
practice  and  quite  justified. in  one  case  may  be 
altogether  unsuitable  in  another.  And  so  it  is 
not  my  intention  to  enter  into  a  discussion  on  the 
comparative  merits  of  oil  as  against  coal  fuel  in 
smelting,  and  I  therefore  leave  this  aspect  of  the 
question  to  those  better  qualified  to  express  an 
opinion.  However,  I  can  quite  understand  that 
oil  does  possess  certain  advantages  over  coal  as  a 
fuel  as  mentioned  by  the  author  in  respect  to  the 
ease  and  cleanliness  of  manipulation,  and  the 
ready  way  in  which  it  lends  itself  to  the  more 
perfect  control  and  maintenance  of  the  heat 
applied.  But  as  the  author  freely  admits,  it  is 
solely  on  account  of  its  relative  cheapness  in  the 
district  of  the  mine  that  he  was  lead  to  use  it  in 
preference  to  coke  and  charcoal  on  which  he  had 
previously  relied,  and  the  Society  has  reason  to 
be  extremely  grateful  tc  the  author  for  bj  inging 
to  our  notice  the  practicability  and  expediency  of 
utilising  oil  fuel  for  smelting  purposes. 

However,  it  is  rather  on  another  point  raised 
by  the  author  that  I  would  like  to  make  a  few 
remarks.  In  reading  over  his  most  interesting 
paper  I  was  somewhat  surprised  at  the  short  life 
of  the  retort  he  is  using,  which  I  think  works  out 
at  4*57  charges  per  retort.  I  am  not  quite  sure 
as  to  the  exact  nature  of  the  fluxes  he  is  using  in 
smelting  the  precipitate,  but  it  is  evident  from 
the  analysis  given  of  the  precipitate  and  retort 
that  its  character  would  be  basic,  due  to  the  large 
amount  of  metallic  oxides  present,  and  this  would 
have  a  tendency  to  corrode  the  plumbago  retort; 
and  in  order  to  prevent  or  minimise  the  risk  of 
this  happening  I  am  inclined  to  think  that  a  clay 
liner  inserted  into  the  retort  would  amply  repay 
for  the  extra  cost  entailed  by  prolonging  the  life 
of  the  retort.  Also,  such  a  liner  would  have  a 
tendency  to  eliminate  a  great  deal  of  the  matte 
which  is  so  troublesome  while  smelting  such  pro- 


ducts. My  experience  has  been  that  during  the 
process  of  smelting  gold  precipitates  in  a  plumbago 
pot  with  a  liner  in  every  case  when  a  liner  breaks 
through  and  the  slag  coming  in  contact  with  the 
crucible  a  matte  will  invariably  be  found  on  the 
bullion  button.  This  fact,  which  I  have  repeatedly 
observed  to  happen  may,  it  seems  to  me,  be 
accounted  for  by  the  action  of  the  carbon  of 
which  the  crucible  is  principally  composed  on  the 
basic  sulphates  which  on  breaking  through  the 
liner  becomes  reduced  to  sulphides  which  go  to 
make  up  the  composition  of  the  matte. 

I  offer  this  explanation  of  the  possible  cause 
and  mode  of  formation  of  matte  on  bullion  but- 
tons, and  suggest  a  simple  means  whereby  the 
chance  of  its  occurence  may  be  reduced  or  entirely 
obviated. 

THE    INFLUENCE    OF    MOIST    AIR    ON. 
QUICKLIME. 


(Read  at  May  Meeting,   1909.) 


By  Jas.  Gray,  F.I.C.  (Member). 


DISCUSSION. 

Mr.  W.  R.  Dowling  (Vice-President):  At 
the  August  meeting*  I  made  the  statement  that 
the  lime  burners  protected  themselves  in  the  sale 
of  their  lime. 

The  following  figures  confirm  the  statement. 
Nine  trucks  weighed  during  July,  August  and; 
September  by  the  Railway  Department,  with 
bags,  203,850  1b.  Deducting  3  lb. 'per  bag  for 
1,098  bags  leaves  200,556  lb.  as  the  nett  weight 
of  lime.  The  total  weight  as  per  consignment 
notes  was  199,910  lb.  The  difference  of  6-16  lb. 
equals  about  \°/0  and  might  be  considered  less 
than  the  experimental  error. 

THE  DEYELOPMENT  OF  HEAYY  GRAVI- 
TATION STAMPS. 

(Reprinted  in  this  Journal,  September,  1909, 
from  the  Bulletin  of  the  Institution  of 
Mining  and  Metallurgy,  August  12,  1909.) 


By  W.  A.   Caldecott  (Member). 


DISCUSSION. 

The  President :  I  should  strongly  urge 
upon  all  members  who  have  had  any  experience 
in  the  crushing  of  ore  by  these  heavier  stamps  to 
bring   forward  their    views   on  the  matter.     We 

*  See  this  Journal,  Vol.  x. ,  August,  1909,  p.  63.- 
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have  taken  advantage  of  the  generosity  of  the 
Institute  of  Mining  and  Metallurgy  in  allowing 
us  to  reprint  this  paper.  It  has  been  done  not 
only  for  the  information  of  members,  but  to 
bring  forward  discussion  of  the  paper  by  men 
who  are  not  members  of  the  Institute  of  Mining 
and  Metallurgy. 

The  meeting  then  closed. 


Notices  and  Abstracts  of  Articles  and 
Papers. 


CHEMISTRY. 

Thermal  Propkrties  of  Cupels.—"  In  seeking 
an  explanation  of  the  differences  known  to  exist 
between  bone-ash  and  patent  (magnesite base)  cupels 
when  in  actual  use,  the  thermal  properties  of  cupels 
have  been  investigated  by  the  authors.  By  means 
of  a  special  apparatus  which  is  described,  the  relative 
diffusivities  of  heat  were  determined  for  various 
brands  of  cupel,  both  at  100°  C,  and  during  the 
actual  cupellation  process.  The  patent  cupels  were 
found  to  have  a  higher  diflusivity  and  a  greater 
specific  heat  than  the  bone-ash  cupels,  and  it  was 
noticed  that  during  cupellation  at  the  same  nmtHe 
temperature,  the  actual  temperature  of  the  cupelling 
button  was  much  lower  in  the  former  than  in  the 
latter  case.  During  experiments  in  the  cupellation 
of  silver  with  lead,  considerable  differences  were  also 
noted  in  the  rate  of  cooling  and  in  the  time  required 
for  the  solidification  of  the  silver  beads.  It  was  thus 
found  that,  after  being  withdrawn  from  the  same 
muffle  temperature,  silver  beads  take  longer  to 
solidify  and  'spit'  on  patent  than  on  bone-ash 
cupels  ;  and  that  spitting  is  more  liable  to  occur 
when  the  latter  kind  of  cupel  is  used." — C.  O.  Ban- 
nister and  W.  N.  Stanley,  Institute  of  Mining 
and  Metallurgy,  May  20,  1909.  [Advance  proof]. — 
Journal  of  the  Society  of  Chemical  Industry,  June  15, 
1909,  p.  606.     (A.  W.) 


Fusibility  of  Mixtures  of  Gold  and  Tellurium. 

—  "Gold  is  readily  soluble  in  molten  tellurium,  a 
pasty  solution  being  obtained  if  the  proportion  of 
gold  exceed  60%.  The  fusion  curve  indicates  the 
existence  of  a  compound,  Au.2Te4  (43*59%  of  gold), 
solidifying  at  472  ('.,  but  no  other  compound  appeals 
to  be  formed  between  these  (dements.  On  strongly 
beating  the  pasty  mixtures,  rich  in  gold,  tellurium 
is  driven  off  and  finally,  at  1,065°  C.,  pure  liquid 
gold  remains." — H.  PELABON,  Compt,  rem!.,  1909, 
/ '/S,  1170-1177. — Journal  of  the  Society  of  Chemical 
Industry,  June  I"),  1909,  p.  606.     (A.  W.) 


Crucible  Assays.  — Directions  for  Fluxing 
Charges. — (1)  Examine  the  material  submitted  for 
assay  and   estimate  its  approximate  mineralogical 

composition.  Then  write  down  the  corresponding 
weight  of  each  mineral  in  the  quantity  to  be  melted 
(usually  0  5  A.T.,  called  15  gin.) 

(2)  Silica.  Add.  it'  necessary,  enough  silica  to 
make  with  that  already    present   in    the  ore  2  g t 

Si02  for  each  gm  of  CaCOg,  MgC08l  or  BaS04, 
(calcite,  dolomite  or  barite)  present,  and    I  \  gm  for 

each  gm  of  Fe.,<  >.„  Zn<  >,  (day  or  other  intusilile 
silicate  (hematite,  zinc  mineral,  kaolin,  etc. 
Limonite  is  equivalent  to  J  its  weight    Fe.o.  and 


pyrite   to  §.)      Consider    l.-J   gm   of  powdered  glass 
equivalent  to  1  gm  of  silica. 

(3)  Borax.  Add  \  cm  of  borax  glass  for  each  gm 
of  silica  or  infusible  silicate  (clay  or  talc)  present  in 
the  ore  and  the  fluxes.  For  cupel  assays  add  four 
gm  of  borax  for  each  gm  of  bone  ash. 

(4)  Soda.  Add  1:\  gm  sodium  bicarbonate  for  each 
gm  of  Si()2  present  in  the  ore  or  fluxes.  Consider 
fusible  silicates  as  glass,  etc.,  equivalent  to  50  per 
cent,  silica.  For  pine  lead  ores  add  at  least  f.  the 
weight  of  the  ore.  For  clay,  talc,  etc.,  use  a  mixture 
of  soda  aird  potash. 

(5)  Litharge.  Add  enough  litharge  (0—20  gm)  to 
make  with  the  lead  already  in  the  ore  an  18-gm 
button  and  in  addition  for  the  slag,  2  gm  of  PhO  for 
each  gm  of  silica  or  infusible  silicate  in  the  ore. 
(Consider  glass  as  equivalent  to  50  percent,  silica). 
For  cupels  add  2  gm  of  PbO  for  each  gm  of  bone  ash. 
Increase  the  amount  of  PbO  largely  to  keep  copper, 
zinc,  antimony,  arsenic,  and  tellurium  out  of  the 
button  if  they  are  present  in  the  ore.  For  ease  in 
correction  for  silver  in  the  PbO  use  litharge  in  even 
multiples  of  10  gm  only. 

(6)  Argot  or  nitre.  Add  enough  argol  or  nitre  to 
make  an  18-gm  button.  One  gin  of  F'eoO;,  may  be 
assumed  to  prevent  the  reduction  of  about  \\  gm  of 
lead,  but  the  reducing  power  of  sulphides  should  be 
determined  by  a  preliminary  assay  if  they  are 
present.  When  more  nitre  than  the  weight  of  the 
ore  is  required  do  not  use  this  method.  Koast  ores 
containing  much  pyrite,  antimony  or  arsenic,  adding 
charcoal  for  antimony  and  arsenic.  If  but  little  nitre 
is  required  use  the  nitre  method  in  preference  to 
roasting.  For  galena,  etc.,  nails  maybe  used  with 
charges  in  which  the  PbO  for  the  slag  is  replaced  by 
NaHC03  in  excess.  When  nitre  is  added  in  the  nail 
method,  be  careful  to  form  no  FeO  which  will  not 
fuse  in  the  soda  slag. 

(7)  Buttons  brittle  from  antimony  or  zinc  or 
showing  scales  of  copper  must  be  scorified. 

This  system  of  fluxing  forms  a  bisilicate  of  Na .  <• 
and  PbO  or  Na._,Pb(Si( )..),,.  This  is  ample  flux  for"  a 
pure  quartz  gangue  and  in  it  the  other  bases  dissoh  e 
forming,  of  course,  slags  of  lower  silicate  degree.  As 
given,  the  charge  for  pure  limestone  yields  a  slag  of 
oxygen  ratio  of  1  in  the  base  to  154  in  the  acid  not 
counting  borax.  BaS04  gives  a  ratio  of  1  to  1'7  ; 
Mg<Os,  1  to  1  47  :  Fe.,<>3  (as  FeO),  1  to  L33;clay, 
1  to  142  ;  etc. 

~Effect  of  the  Borax.  -Since  borax  is  added  to  form 
a  borosilicate  it  is  reasonable  to  figure  it  according  to 
the  amount  of  >SiO._,  present  in  the  slag.  The  propor- 
tion given  has  not  been  finally  settled  upon  as  the 
best.  It  is  sufficient  to  greatly  lower  the  tempera 
ture  of  slag  formation,  to  make  the  slag  viscous 
during  the  reduction  period,  and  to  lower  the  tern 
perature  of  final  complete  fluidity.  It  is  also  suffi- 
cient to  serve  as  a  general  safeguard  to  tin x  a  Blight 
excess  of  either  acid  or  base.  On  the  other  hand  it 
is  expensive  and  makes  the  buttons  more  difficult  to 
clean. 

Our  charges  are  a  little  higher  in  PbO  than  usual 

and  for  some  basic  ores  it  w  ill  be  more  economical  to 

substitute  Boda  for  litharge  bul  this  makes  the 
charge  more  bulky.  For  ease  in  remembering  it 
was  thought  better  to  have  a  constant  ratio  of  soda 
and  litharge  to  silica  rather  than  to  use  the  form  1  to 
I  .'.  gm  of  BOda  and  I  5  to  2  um  of  PbO  for  each  Lrm  of 
silica,  which  is  more  nearly  what  would  be  used  by 
an  experienced  assayer. 

The  amount  of  fluxes  as  given  by  this  table  are 
ample  and  without  any  great  excess,  tn  estimating 
weights  to  be  fluxed  even  gm  are  taken,  using  care  to 
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see  that  the  weight  of  refractory  mineral  is  over- 
estimated rather  than  under-estimated.  The 
minimum  amount  of  the  sodium  lead  silicate  required 
to  dissolve  the  various  bases  has  not  yet  been  ac- 
curately determined.  If  I  ever  conduct  a  class  in 
assaying  again,  this  will  be  worked  out  for  the  more 
common  minerals  by  making  up  charges  of  the  pure 
oxides,  etc.  It  is  also  desired  to  work  out  the 
amount  of  excess  litharge  needed  for  each  gm  of 
copper,  antimony,  etc.,  in  the  charge  to  make  clean 
buttons.  This  PbO  method  has  been  found  to  work 
well  with  up  to  25  per  cent,  of  antimony  and  60  per 
cent,  of  zinc  as  sulphides  but  is  not  so  successful  for 
copper. 

Dissolving  Action  of  Litharge.  —  A  large  excess  of 
PbO  severely  attacks  the  crucibles  and  the  risk  of 
ruining  the  muffle  by  spilled  charges  becomes  im- 
portant. Therefore  it  is  thought  best  to  scorify  the 
coppery  buttons  as  is  done  with  the  buttons  obtained 
in  the  standard  scorification  method  foi  copper 
mattes. 

On  account  of  this  dissolving  action  of  litharge 
upon  the  crucibles  more  litharge,  as  given  in  the 
directions,  is  of  advantage  in  assaying  clay  and  talc 
ores.  The  charges  without  excess  litharge  have  very 
little  effect  upon  Denver  crucibles  and  attack  the 
Batteisea  crucibles  but  slightly.  The  borax  seems 
to  protect  the  crucibles  from  being  drilled  by  PbO 
probably  by  coating  them  with  a  viscous  aluminium 
borosilieate. 

We  have  found  that  by  long  fusion  cupels  can  be 
entirely  dissolved  to  a  fairly  fluid  slag  by  much  1  orax 
with  some  PbO  and  no  soda  or  silica.  This  forms 
calcium  borate  and  sodium  phosphate  as  in  the  tests 
on  platinum  wire.  The  amount  of  bone  ash  in  the 
charge  is  determined  by  weighing  the  cupel  with  the 
litharge  and  subtracting  the  standard  weight  of  that 
size  cupel  when  new,  to  give  the  PbO  to  be  deducted 
from  the  weight  of  the  stained  part  of  the  cupel. 
Apology  is  asked  for  the  incomplete  state  of  these 
data,  but  I  thought  it  better  to  publish  this  now, 
rather  than  postpone  it  indefinitely  in  awaiting'  com- 
plete data. — A.  A.  Steel,  Engineering  and  Mining 
Journal,  June,  1909,  p.   1243.     (A. Pi.) 


CUPELLATION  Losses.  — "At  present  there  is 
little  evidence  as  to  the  comparative  varia- 
tions in  the  absorption  of  gold  and  silver  by 
bone-ash  and  magnesia  respectively.  It  would  be 
desirable  in  such  experiments  to  state  what  bone-ash 
cupels  are  used.  The  chemical  composition  of  com- 
mercial bone:ash  varies  considerably,  and  the  screen 
analysis  varies  still  more  In  the  present  paper  the 
authors  speak  vaguely  of  '  bone-ash  '  without  further 
specification.     This  is  not  sufficiently  explicit. 

The  authors  quote  some  measurements  of  muffle 
temperature-,  but  none  of  them  are  of  much  use  (I 
include  my  own  in  this  sweeping  condemnation),  for 
two  reasons.  In  the  first  place  the  air  current  is 
variable  and  is  in  no  case  specified. 

Secondly,  the  temperature  of  the  air  above  the 
cupel  cannot  be  taken  by  a  thermo-couple  on  account 
of  the  radiation  of  beat  from  the  cupel  and  from  the 
walls  of  the  muffle.  The  radiated  beat  is  of  course 
absorbed  by  the  thermo-couple  much  more  than  by 
the   air    passing    through,    with    the  result   that  the 

ther -couple  always  shows  a  temperature  far  above 

that  of  the  air  immediately  surrounding  it.  These 
are  anion-  i he  causes  ,,i'  the  great  discrepancies 
between  the  different  observations  of  muffle  tem- 
perature. 

The  freezing  point  of  litharge,  given  by  Doeltzand 
Mostowitsch  as  906°  and  by  Mostowitsch  alone  later 


as  884°,  is,  in  truth,  a  most  difficult  point  to  deter- 
mine. A  cooling  curve  gives  no  definite  point  of 
arrest.  There  is  no  doubt  that  at  906.  litharge  is 
completely  molten.  At  6-tO0,  it  is  completely  solid. 
Between  these  temperatures  there  i>  a  long  pasty 
stage.  It  needs  some  courage  to  announce  the  exact 
point  above  which  the  pasty  litharge  is  to  be  called 
liquid,  whilst  below  the  point  it  is  to  lie  called  solid. 
A  little  light  is  thrown  on  the  matter  by  my  own 
observations  that  litharge  is  not  absorbed  by  a  bone- 
ash  cupel  maintained  at  750  .  but  is  absorbed  by  one 
kept  at  825°  ;  and  by  Fulton's  observations  that 
absorption  does  not  take  place  at  815°,  but  is  rapid  at 
883°.  If  absorption  is  to  be  taken  as  the  criterion  of 
liquef action,  then  the  melting  point  of  litharge  must 
apparently  be  placed  at  about  825  .  In  cupellation, 
therefore,  the  cupel  must  be  above  this,  but  the 
temperature  of  the  air  in  the  muffle  near  the  cupel 
may  be  almost  anything,  and  foi  the  reasons  given 
above  must  remain  indeterminate.  —  Dr.  T.  Kii.k 
Rose,  Institution  of  Mining  and  Metallurgy,  Bulletin 
No.  57,  June,  1909  (H.A.W.) 


Behaviour  of  Tellurium   in  Assaying.— The 

effect  of  litharge  on  tellurium  was  investigated  in 
various  ways.  Lead  buttons  containing,  lead  6 
parts,  gold  1  part,  tellurium  L5  parts  were  fused  or 
soaked  under  litharge  at  a  temperatuie  of  about 
800°  C.  for  15  minutes  and  then  cupelled.  The 
litharge  Mas  black,  lustrous  and  opaque.  The  lead 
button  when  cupelled  yielded  96  of  the  gold. 
Duplicates  of  these  fusions  were  left  in  the  furnace. 
and  the  temperature  raised  to  1,000  to  1.100  C.  for 
another  15  minutes,  and  on  cupelling  the  recovery 
was  only  94%.  The  slag  was  dark,  red  and  ,ulass\  : 
evidently  some  of  the  telluiium  had  been  reduced  as 
indicated  by  the  gold  recovery.  Again,  equal  por- 
tions of  pure  lead  were  fused  separately  with  samples 
of  the  opaque  and  the  glassy  slags  containing  equal 
quantities  of  tellurium,  with  the  result  that  the  lead 
from  the  fusion  with  the  opaque  slag  showed  far 
more  tellurium  than  the  other.  This  would  seem  to 
indicate  that  a  portion  of  the  oxidised' tellurium  is 
reduced  again  when  the  temperature  is  raised. 

A  lead  button  of  the  same  composition  as  previ- 
ously described  was  dropped  into  litharge  to  which  a 
little  sand  had  been  added,  and  winch  had  been  kept 
at  a  temperature  of  1,000  to  1,100°  C.  for  30  minutes 
and  allowed  to  remain  in  the  furnace  for  10  or  15 
minutes  more.  The  weight  of  the  button  was  un- 
changed, and  it  was  completely  absorbed  on  cupella- 
tion. The  sla.u  was  straw  colour,  and  gave  no  indi- 
cations of  tellurium  except  for  a  slight  reddish  cloud, 
near  the  button.  A  repetition  of  the  experiment. 
except  I  bat  after  i  be  formation  of  the  silicates  the 
temperature  was  lowered  and  maintained  at  a  low- 
point  after  the  introduction  of  the  button,  gave 
similar  result-.  After  the  formation  of  silicate- 
there  is  practically  very  little  tendency  tor  the 
tellurium  to  oxidise.  An  examination  of  the  slags 
seemed  to  indicate  that  the  reaction  between  the 
litharge  and  tellurium  is  represented  by  the  equa 
tion  : 

2PbO  +  Te=Pb20    TeO. 

and  that  the  reverse  of  this  reaction  takes  place  at 
higher  temperatures. 

The  effect  of  scorification,   unless   the  operation  is 

carried  out  at   a  i lerately   low    temperature,  is  to 

concentrate  the  tellurium  in  the  button.  The  most 
effective  way  to  remove  tellurium  is  to  "soak  :'  the 
button  under  litharge  either  in  a  scorifier  or  crucible 
at  low  temperature. 
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The  effect  of  tellurium  in  a  lead  liutton  containing 
gold  ami  silver. is  to  weaken  the  surface  tension  of 
the  molten  metal  during  cupellation.  This  etl'eet  of 
tellurium,  agisting  the  general  tendency  of  the  film 
of  litharge  in  the  same  direction,  results  in  the 
tendency  of  the  molten  metal  to  "  wet  "  tin?  side-  of 
the  cupel.  If  the  amount  of  lead  i-  small  in  propoi 
tion  to  tin'  silver,  gold  and  tellurium,  small  portions 
of  metal  become  detached,  and  either  pass  into  the 
cupel  or  leave  minute  beads. 

Lead  is  more  readily  oxidisable  than  tellurium, 
especially  at  high  temperatures  ;  if  sufficient  tellu- 
rium remains  toward  the  end  of  the  cupellation, 
complete  absorption  may  take  place,  or  in  other 
words,  complete  absorption  and  subdivision  are  the 
result  of  insufficient  lead.  The  tendency  to  become 
"  wetted  "  is  greater  with  bone-ash  cupels  than  w  ith 
patent  cupels. 

The  presence  of  silver  protects  gold  by  acting  as  a 
diluent  during  the  cupellation  of  buttons  containing 
tellurium.  The  absorption  loss  due  to  the  presence 
of  tellurium  is  a  function  of  the  temperature  of 
cupellation.  An  excellent  bibliography  is  given  in 
connection  with  the  paper.  —  S.  W.  Smith,  Inst. 
Min.  iukI  Met.,  Hull.  44-  —  Engineering  and  Mining 
Journal,  June  12,  1909,  p.  1,176.     (A.R.) 


Recent  Discoveries  <>i  Graphite  ix  British 
AFRICAN  COLONIES.  —  East  Africa  Protectorate. — 
Some  specimens  of  graphite  gneiss  from  the  right 
bank  of  the  Tsavo  river,  five  miles  below  the  Tsavo 
station,  on  the  Uganda  railway,  associated  with 
carbonate  of  copper  were  sent,  hut  examination 
proved  they  were  of  no  coinniei cial  value. 

Uganda.— A  specimen  from  the  slopes  of  Ruwen- 
zori  con>i>ted  of  dull  greyish  black  graphitic  schist 
containing  disseminated  Hakes  of  graphite.  The  per- 
centage of  carbon  amounted  to  16 '7  only.  Another 
contained  31 -2  carbon  ami  tv4°I  volatile  matter 
other  than  water.      Another  only  32'68/J  carbon 

Nyassaland. — In  the  north-west  of  the  upper  Shire 
district  the  mineral  survey  observed  seven  different 
parallel  hands  of  graphitic  gneiss  in  which  the 
graphite  was  iiiterloliated  with  other  minerals  in 
large  Hake-.  Samples  contained  70'6 — 91  "6  carbon, 
valued  if  carefully  cleaned  at  £40  per  ton.  A  speci- 
men from  a  deposit  mar  the  'Mkonia  Mission,  in  the 
Angoniland  district  consisted  of  practically  pure 
graphite  in  the  form  of  coarse  flakes  up  to  2  in.  in 
length.  It  was  described  a-  soft  and  flaky,  and 
classed  as  ordinary  lump  of  superior  quality,  worth 
about  L':;_'  to  £34  per  ion. 

Rhodesia.  Samples  from  the  north-east  showed 
his;,  of  ash,  mainly  fel  spat  hie  material  which 
v  on  Id  dci  i  act  seriously  from  the  value  of  the  mineral. 

Natal  and  Northern  Nigeria.     Samples  from  these 
districts   showed    no  r<  suits  of    economic    value. 
Bulletin  «/'  the   Imperial   Institute,   Vol.  \ii..  No.  2, 
1909,  p.  Hiti.     id.  A.  W.) 

Niw   Method  roe  Determining   Antimony. 

"A    method   tor  the  determination  of  antii iy,  in 

which  the  decomposition  of  the  ore  is  accomplished 
with  ammonium  persulphate,  is  described  by  M.  F. 
(  toolbaugh  and  ,1.  ( >.  Betterton  i  Wrsti  rn  i  I"  mistand 
Metallurgist,  i\..  pp.  229-232)  The  us,,  of  this 
reagent  avoids  tin.  danger  of  loss  of  antimony  by 
volat  ilisat  ion  during  fusion. 

'I  he  poit  [on  taken  for  analysis  is  fused  with  8  to  I" 
time-  it-  weight  of  ammonium  persulphate  for  15 
minutes  at  a  low  temperature  A  small  Erlenmeyer 
flask  can  he  used  for  the  fusion.  The  flask  is  placed 
on  an  asbestos  mat  on  a  hot  plate  and  after   the   first 


decomposition  lias  taken  place,  the  heat  is  gradually- 
raised  until  quiet  fusion  i-  attained  and  allowed  to 
remain  in  that  condition  for  10  minutes.  The  fusion 
is  extracted  with  20  c.c.  of  hot  hydrochloric  acid 
(sp.  gr.  1*10)  and  then  diluted  to  100 C.C,  heated,  and 
a  rapid  stream  of  hydrogen  sulphide  gas  pa —  i 
through  it  for  15  minutes. 

The  precipitate  is  filtered  oil'  and  dissolved  through 
the  filter  paper  with  40  r.r.  of  concentrated  hydro- 
chloric acid.  A  small  amount  of  potassium  chlorate 
i-  added,  the  solution  heated  and  any  separated 
sulphur  filtered  off.  Two  drops  0f  a  ferric  chloride 
solution  are  added  to  the  solution,  which  should  be 
at  a  temperature  of  90"  <  .  :  stannous  chloride  is 
then  added  drop  by  drop  until  the  yellow  colour  of 
the  ferric  chloride  just  disappears.  The  whole  solution 
is  then  poured  into  a  beaker  containing  10  c.c.  of  a 
-at mated  solution  of  mercuric  chloride,  diluted  to 
500c.c.  to  (Kid  c.c.  and  titrated  with  potassium  per- 
manganate to  the  Hist  junk  colour.  The  stannous 
chloride  reduces  antimony  in  a  hydrochloric  acid 
solution  before  it  will  reduce  arsenic.  The  mercuric 
chloride  takes  tip  the  excess  of  stannous  chloride. 

The  successful  Use  of  this  method  demands  a  close 
adherence  to  the  details.  The  precipitation  of  the 
antimony  should  take  place  within  IS  minutes,  if  the 
bulk  of  the  solution  is  not  over  7">  <•.<■..  and  the  acid 
between  1  1  and  lT5sp.  gr.  The  potassium  chlorate 
oxidises  the  arsenic  to  the  higher  form.  The  reduc- 
tion by  stannous  chloride  is  l>est  made  with  a  strong 
and  a  weak  solution,  using  tin'  strong  solution  to 
accomplish  most  of  the  reduction  and  the  weak  to 
finish  with. 

The  amount  and  strength  of  the  ferric  chloride 
should  he  known  in  term-  of  the  permanganate.  The 
reduced  solution  should  be  poured  immediately  into 
the  mercuric  chloride  to  prevent  the  reduction  of  the 
arsenic.  Silver,  lead,  bismuth,  arsenic  and  tin  do 
not  interfere.  Copper  should  he  removed.  The  time 
consumed  for  a  single  determination  is  not  more  than 
I  '.  hours.  The  method  has  given  good  results  in  com- 
parison with  ether  well  known  method-.''  Eng 
tng  innl  Mining  journal.   July   .SI.    1909,    p.    209. 

A.  i; 


Rapid  Analysis  of  Aluminium. — " A  process 
for  rapid  analysis  of  aluminium  was  described  at  the 
meeting  of  the  French  Academy  of  Sciences,  Aug.  2. 

The  inventor,  Mr.  Kohn  Abrecht,  reduces  the 
metal  to  the  form  of  very  fine  filings.  Then,  after 
placing  it  in  a  tube,  hydrogen  is  run  through,  which 
expels  the  air :  and.  finally,  hydrochloric  acid,  which 
forms  aluminium  chloride.  The  latter  i-  passed  into 
a  Hash  for  analysis.'1  —  /.<</,,/<,/,  Minimi  Journal, 
Aug.  28,  1909,  p.  276.     (A.  R.) 


METALLK  TeLLURIDES.  '•  1.  Sodium  telluride, 
N  I  e.  is  a  colourless  crystalline  salt  and  is  highly 
hydrated. 

■_'.  Tellurium  dissolves  in  sodium  telluride  solution 
with  the  formation  of  sodium  poly  telluride.     Bi 
the  proportions  represented  by  Na4Te  .  tellurium  i- 
uot    soluble    in    sodium    telluride.      Na/I'c    does   not 
crystallise  as  such,  but  break-  down  upon  evapora 

tion  into  Na.Tc  and  tellurium. 

:;.    Potassium   telluride.    K ,'IV  doe-  not  crystallise 

from  aqueous  solution,  but  is  | sipitated  from  strong 

solution  by  alcohol. 

I  Telluride  of  zinc  is  yellow  when  freshly  precipi- 
tated and  I. town  when  dry.  Its  composition  i- 
ZnTe.HaO.  The  anhydrous  telluride  is  dark  red  in 
colour. 
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5.  Cadmium  telluride,  CdTe,  is  precipitated  as  a 
maroon  coloured  substance,  almost  black  when  dry. 

6.  Nickel  forms  a  telluride  of  the  composition 
Ni2Tea.4H.20,  black.  When  heated  in  hydrogen  it 
yields  MTe. 

7.  Cobalt  forms  a  telluride  of  analogous  composi- 
tion and  similar  properties  to  that  of  nickel. 

8.  Lead  forms  the  telluride  Pb.,Te3.4H20,  which  is 
decomposed  by  heat  into  PbTe,  water  and  tellurium. 

9.  Ag.2Te  is  precipitated  by  sodium  telluride  from 
.  silver  acetate  solutions. 

10.  Copper  forms  the  two  tellurides  CuTe  and 
Cu2Te3  by  precipitation  with  Na2Te  and  Na4Te3, 
respectively. 

11.  A  telluride  of  arsenic  is  formed  by  precipita- 
tion, and  is  soluble  in  excess  of  Na4Te3  solution.  This 
indicates  the  existence  of  a  telluro  salt  of  arsenic 
analogous  to  the  sulpho  salts. 

12.  Mercuric  t  el  hi  ride  is  precipitated  from  mercuric 
chloride  solution,  but  reacts  rapidly  with  excess  of 
mercuric  chloride,  forming  mercurous  chloride  and 
tellurium  chloride. 

13.  Sodium  telluride  precipitates  gold  from  auric 
chloride  solution  and  platinum  from  platinic  chloride 
solution,  the  tellurium  dissolving  as  the  tetra- 
chloride."—C.  A.  TlBBALS  — American  Chemical 
Society,  Aug.,  1909,  p.  912.     (A.  McA.  J.) 

METALLURGY. 

Electro-Chemical  Plate  Amalgamation.— 
"The  electrochemical  system  of  amalgamation  is 
designed  to  extract  from  the  sands  or  pulp  all  gold 
values  not  encased.  It  is  entirely  a  new  system  of 
amalgamation,  designed  to  do  the  work  of  the 
ordinary  mill  plate,  including  the  treatment  of  slimes, 
and,  at  the  same  time,  to  extract  values  which  can- 
not be  saved  by  tlie  usual  mill  practice,  and  which 
otherwise  would  require  cyanide  treatment  ;  to  do 
all  this  in  one  single,  inexpensive  and  continuous 
operation,  requiring  practically  no  more  outlay  for 
installation  and  maintenance  than  the  usual  mill 
plate.  The  system  also  furnishes  a  method  by  which 
the  Alaska  beach  deposits,  black  sands,  hydraulic, 
placer  and  dredge  tailings,  mill  tailings,  desert 
deposits  and  many  low  grade  propositions  can  all  be 
profitably  worked. 

'  It  may  be  sometimes  necessary  to  grind  ore  or 
sands  to  100,  150  or  even  200  mesh  before  the  values 
are  released,  hut  after  this  has  been  done  the  pulp  is 
simply  passed  over  the  amalgamating  device,  and  the 
electro-chemical  forces  automatically  extract  the 
values  to  such  an  extent  that  usually  no  further 
treatment  is  profitable.  In  ordinary  cases  values  are 
recovered  at  80  mesh.  In  certain  cases  where  the  ore 
is  unusually  refractory,  base  or  complex,  it  may  be 
be  necessary  to  treat  the  tailings  for  hour  or  two 
by  the  continuous  electro- cyanide  process,  which  is  an 
exceedingly  simple  and  inexpensive  operation,  but 
withal  very  efficient. 

'  The  electrolytic  method  of  amalgamating  calls  for 
a  sluice  box  of  suitable  width,  the  length  being  40ft. 
or  50  ft.,  or  even  longer,  according  to  conditions.  In 
the  bottom  of  the  box  is  an  ordinary  copper  plate 
acting  as  a  cathode.  Graphite  anodes  of  suitable 
construction  are  arranged  to  conduct  the  low  voltage 
current  into  the  water  (electrolyte)  passing  over  the 
device.  Pulp  of  proper  fineness,  screened  gravel  or 
sand,  is  passed  into  the  apparatus  by  suitable  means. 
Certain  solutions  are  also  added  to  the  water.  A 
critical  low  voltage  current  of  proper  amperage  is 
passed  into  the  anodes  ;  the  water,  carrying  pulp,  etc., 
acts  as  an  electrolyte,  and  makes  the  electric  connec- 
tion with  the  copper  plate  (cathode).     In  operation, 


the  water  is  at  all  times  electrified,  and  the  copper 
plate  is  also  constantly  under  electrical  action.  The 
device  can  be  made  of  any  desired  capacity." 

The  current  density  used  is  about  five-tenths 
ampere  per  square  foot  of  cathode  surface  ;  the 
pressure  at  the  generator  is  from  5  to  10  volts.  The 
solutions  added  to  the  water  contain  mercury  and 
sodium  salts  and  some  salts  from  which  hydrogen  is 
easily  liberated  by  electrolytic  action.  The  mercury 
solution  is  added  to  the  water  passing  Into  the 
apparatus,  the  amount  depending  on  the  values  in 
the  pulp.  About  the  same  amount  of  metallic 
mercury  as  is  used  in  ordinary  amalgam  practice  is 
necessary  ;  practically  all  of  it  is  recovered  in  the 
amalgam. 

Several  chemical,  electrical  and  electro-chemical 
processes  are  in  constant  operation  in  the  amalgamat- 
ing box,  the  reactions  which  would  ordinarily  occur 
being  greatly  intensified  by  the  presence  of  the 
electric  current.  The  most  important  part  of  the  pro- 
cess is  the  even,  constant  and  uniform  deposition  of 
mercury  on  the  cathode  plate  by  the  electrolysis  of 
the  mercuric  solution.  The  coating  of  mercury  is 
chemically  pure,  it  adheres  tenaciously  to  the  plate 
and  has  no  tendency  to  'Hour.'  As  the  mercury  is 
liberated  in  its  nascent  state,  its  affinity  for  metals 
and  gases  is  much  greater  than  in  ordinary  practice  ; 
its  amalgam-forming  powers  are  intensified  to  such  a 
degree  that  rusty,  greasy  or  pyritic  gold  is  readily 
amalgamated.  '  Fouling  '  or  '  sickening '  of  the 
plate  is  impossible. 

Fouling  of  the  plates  is  prevented  by  the  liberation 
of  nascent  hydrogen,  the  cleansing  and  reducing 
powers  of  which  are  used  to  great  advantage  in 
electrochemical  amalgamation.  It  destroys  instantly 
organic,  greasy  and  foul  conditions,  counteracts  all 
impurities  in  the  water,  and  cleans  rusty  gold.  Large 
quantities  of  hydrogen  are  occluded  in  the  mercury 
as  the  latter  is  deposited  and  exercise  continuously  a 
powerful  cleaning  and  reducing  effect.  Metallic 
sodium,  liberated  from  the  sodium  salt,  unites  with 
the  mercury  to  form  sodium  amalgam.  The  conditions 
of  its  formation  ensure  its  purity.  With  the  hydrogen 
occluded  in  the  mercury  it  forms  hydrogen -sodium 
amalgam,  the  most  powerful  amalgamating  agent 
known.  Hydrogen-sodium  amalgam  besides  holding 
free  gold  in  any  condition,  will  also  hold  platinum.  It 
will  amalgamate  all  metals  not  encased,  which  are  in 
a  comminuted  state.  Amalgamation  takes  place  as 
soon  as  a  particle  of  gold  "touches  the  quickened 
mercury  surface;  the  larger  particles  will  come  in 
contact  with  the  mercury  very  soon  after  entering 
the  sluice  box  ;  microscopic  values  will  require 
possibly  40,  50  or  even  60  ft.  of  cathode  surface. 
Experiment  has  demonstrated  that  electrolytic  amal- 
gamation will  recover  from  95  to  99%  of  all*  gold  not 
encased,  and  in  many  cases  the  extraction  readies 
100%.  Usually  when  the  pulp  of  refractory  ores  is 
ground  to  100  to  200  mesh,  the  tailings,  after  passing 
the  electric  amalgamator,  do  not  contain  enough 
values  to  make  supplementary  gold-saving  devices 
necessary."— Elmer  E.  Carry,  Mining  Journal, 
June  12. — Engineering  Magazine,  -July,  1909,  p.  839. 
(J.  A.  W.) 

Electrolytic  Refining  of  Gold.— "The  sepnra- 
tion  of  silver  and  other  impurities  from  gold  by 
electrolysis  in  a  solution  of  hydrochloric  acid  was 
suggested  by  Charles  Watt  of  Sydney  in  18G3.  He 
proposed  to  apply  the  method  at  the  Sydney  Mint, 
and  claimed  to  have  discovered  means  of  preventing 
the  evolution  of  chlorine  from  the  anode,  but  no  steps 
were  taken  to  test  his  process.    In  1878,AVohlwill  of 
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Hamburg  introduced  his  process  at  the  Norddeutsche 
Affinerie,  and  it  has  since  been  applied  elsewhere  in 
Germany.  It  displaced  the  sulphuric  acid  process  at 
the  Philadelphia  Mint  in  1902,  and  at  the  Denver 
and  San  Francisco  Mints  in  subsequent  years,  and  is 
in  process  of  being  installed  at  the  Ottawa  Mint.  It 
has  made  little  progress  in  other  countries. 

In  the  "Wohlwill  process  the  electrolyte  is  a  solution 
of  gold  chloride  containing  from  25  to  60  gm.  of  gold 
per  litre,  and  from  20  to  100  c.c.  of  concentrated  HC1 
per  litre.  It  is  heated  to  a  temperature  of  about 
<j0  to  70°.  The  anodes  consist  of  impure  gold,  con- 
taining not  more  than  60  or  70  parts  of  silver  per 
1,000,  and  the  cathodes  of  pure  sheet  gold.  The 
anodes  dissolve'  partly  as  trivalent  gold,  forming 
HAuCl4,  and  partly  as  monovalent  gold.  The  AuCl 
formed  at  the  anode  is  partly  decomposed  into  AuCla, 
and  metallic  gold,  which  falls  to  the  bottom,  but 
some  of  the  monovalent  gold  ions  reach  the  cathodes. 
The  higher  the  current  density  the  more  trivalent 
gold  is  dissolved  and  the  less  AuCl  is  formed,  so  that 
there  is  less  gold  in  the  slime  at  the  bottom.  The 
current  employed  in  the  United  States  is  from  300  to 
600  amperes  per  square  metre  of  anode- surface.  The 
deposition  of  gold  at  the  cathodes  is  greater  than  the 
amount  dissolved  at  the  anodes,  owing  to  the  pre- 
sence of  impurities  in  the  unrefined  gold,  so  that  it  is 
necessary  to  add  chloride  of  gold  to  the  solution  at 
intervals.  Silver  is  converted  into  AgCl  at  the 
anodes,  and  falls  to  the  bottom  of  the  vessel,  or  is  in 
part  dissolved.  The  anodes  may  contain  up  to  150 
per  1,000  of  silver,  but  if  such  a  large  proportion  is 

})resent  it  is  necessary  to  scrape  the  silver  chloride 
rom  the  surface  of  the  plates.  Platinum  is  dissolved 
with  the  gold  and  accumulates  in  the  solution,  from 
which  it  is  recovered  in  the  ordinary  way.  The 
deposited  gold  is  nearly  pure. 

The  electrolyte  is  circulated  by  mechanical  means, 
and  is  renewed  when  it  has  been  made  foul  by  the 
accumulation  in  it  of  copper,  palladium,  etc.  Lead 
makes  the  deposited  gold  impure,  but  may  be 
rendered  insoluble  by  the  addition  of  sulphuric  acid. 

Apart  from  observations  on  the  technical  details  of 
this  process,  the  points  on  which  information  is  par- 
ticularly required  are  :  (1)  the  time  required  to  com- 
plete the  process.  This  is  most  important,  because 
of  the  loss  of  interest  on  the  gold  under  treatment. 
The  chief  objection  to  the  application  of  this  process 
in  England  is  the  fear  that  the  process  is  too  slow. 
(2)  The  cost  for  labour,  power,  etc.  (3)  Whether,  if 
speed  is  unduly  increased,  the  gold  is  likely  to  be  of 
bad  quality,  contaminated  with  lead  or  other 
elements  which  would  make  it  brittle." — T.  K.  ROSE. 
-  Mining  and  Scientific  Puss,  June  26,  1909,  p.  S90. 
(A.  McA.  J.) 


settling  curves  for  various  temperatures  are  practic- 
ally straight  lines,  so  that  the  intersections  of  the 


Theory  of  the  Settlement  of  Slime. — "A 
paper  <>n  the  settlement  of  slime,  by  H.  S.  Nichols, 
appeared  in  the  Mining  and  Scientific  Press,  duly  11, 
1908.  From  the  study  of  clay-working  slips  i  can 
add  information  from  a  different  view-point.  In  must 
respects  what  I  submit  is  supplementary- 

In  that  article  no  reference  was  made  to  the  vis- 
cosity of  the  liquid  i limn.      Viscosity  is  defined  as 

the  measure  of  the  internal  friction  of  a  fluid.  The 
viscosity  of  water  is  commonly  taken  at  a  given 
temperature  as  unity.  In  Fig.  A  is  reproduced 
graphically  the  variation  of  the  viscosity  of  water 
with  the  temperature.  The  viscosity  decreases  as 
the  temperature  rises.  As  the  data  given  in  Landoll 
and  Bornstein's  babies  extend  only  to  7"u  C,  it  was 
necessary  to  extrapolate  t<>  gel  t  he  value  for  88Q  I  '• . 
the  highest  temperature  used  by  Mr.  Nichols.      The 
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Fig.  A. 

ordinate  for  any  number  of  millimetres  settled  should 
be  in  about  the  same  proportions.  Taking  the  140 
mm.  ordinate,  the  following  table  has  been  pre- 
pared : — 
Temperature,  degrees 

Farenheit 
Temperature,  degrees 

Centigrade 
Viscosity     of    Water 

from  Fig.  A 
Viscosity    of    Water 

multiplied  by  3.. 
Minutes   settling   140 

mm.    curves    for 

heated  liquids  ... 
Minutes   settling   140 

mm.    curves    for 

heated  and  cooled 

liquids     ... 

Superior  figures  indicate  numbers  of  curves. 

From  this  table  it  appears  that,  within  the  limits 
of  experimental  error,  the  rate  of  settling  is  directlj 
proportional  to  the  vist  osity  of  the  water,  whatever 
the  temperature  corresponding.  According  to  Fig.  1, 
5,  and  6  of  Mr.  Nichols'  paper,  the  higher  the  per- 
centage of  solids  in  the  pulp  the  -lower  the  late  of 
settling.  In  Fig.  I'>.,  which  gives  the  result-  of 
experiments  by  A.  V.  Bleininger  i Trans.  American 
Ceramic  Society,  L0,  394,  1908),  it  is  shown  that  the 
viscosity  of  a  clay-slip  increases  more  and  more 
rapidly  as  the  clay-contenl  increases;  consequently 
the  diminution  in  speed  of  settling  shown  it-  Fig.  1. 
5  and  ii  of  Mr.  Nichols1  paper  can  be  attributed  to 
increase  of  viscosity  with  concentration.     A-  clays 

differ    in    viscosity    at    equal   concentration    of  slips, 

different  slimes  should  also  be  expected  to  vary.  Con- 
sequently, a  treatment  adapted  to  one  slime  will 
require  its  proportions  to  be  altered  somewhat   to 

apply  to  another  -lime. 

To  explain  the  other  figures,  ii  is  necessary  first  to 

disOUSS  the  various  conditions  of  matter  that  may   be 

present  in  a  Blime.    The  coarser  particle-  are  crystal- 
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loid,  and  a  relatively  dense  and  hard  as  compared 
with  the  liner  matter.  Upon  and  surrounding  the 
crystal  grains  is  an  enveloping  film  of  matter  in  the 
'gel'  form  of  the  colloid  condition.  It  resembles 
gelatine  in  properties,  absorbs  water,  and  shrinks  on 
drying,  becoming  hard  and  cementing  the  grains  to- 
gether. It  is  less  dense  than  the  crystal  grains,  and 
will  settle  slower  than  them  if  separate. 

If  a  large  excess  of  pure  water  be  used,  or  a  proper 
proportion  of  a  suitable  solvent,  like  ammonia,  soda 
ash,  or  caustic  soda,  the  gel  is  dissolved  and  forms  a 
turbid  suspension  which  will  not  settle  clear.  This  is 
called  the  '  sol '  form.  In  most  cases  it  is  the  soluble 
sodium,  ammonium,  or  potassium  compound  of  a  very 
large  and  complex  polymerised  molecule,  in  which 
the  sodium  or  other  part  is  an  exceedingly  small  part 
of  the  whole.  This  is  illustrated  by  cases  la,  lb,  2a, 
and  2b  of  Fig.  4  (from  Mr.  Nichols'  paper)  If  to 
such  a  sol,  sulphuric  acid  he  added,  the  acid  takes 
away  from  it  the  base  that  made  it  soluble,  and 
the  gel  form  of  the  colloid  is  precipitated  and  will 
settle.  If  barium  chloride  or  lime  is  added  the 
reaction  is  something  as  follows  : 

2Na  with  sol  f-BaCl2  =  Ba  with  gel  +  2NaCl. 

The  insoluble  barium  or  .  calcium  compound  is 
formed,  and  will  settle  readily.  If  salt  (NaCI)  is 
added,  it  merely  '  salts  out'  the  sol  ;  that  is,  when 
salt  comes  into  the  solution  the  sol  has  to  go  out  of 
the  solution  until  a  solubility-equilibrium  is  reached. 
In  Mr.  Nichols'  experiments,  as  he  has  indicated, 
nearly  equal  results  were  obtained  by  the  following  • 
H2S04.  BaCl2.  CaO.  JNaCl. 
Mg  per  200  c.c.  pulp  con- 
taining 2-5%  solids  ...  16-68  S3-32  55-54  166-90 
Chemically    equivalent 

proportions  used      ...    034      077       T98      2-89 

On  figuring  to  a  basis  of  chemically  equivalent  pro- 
portions, it  is  seen  that  salt  is  much  less  effective 
than  the  other  chemicals  as  a  cause  of  coagulation. 
The  lime  does  not  show  up  very  well  on  the  equiva- 
lent basis,  for  a  reason  to  be  explained  further  on. 
-  The  fourth  condition  of  matter  is  that  of  true  solu- 
tion, into  which  form  the  various  soluble  salts  must 
be  brought  in  order  to  act  as  precipitants.  Now 
matter  in  all  four  of  these  conditions  is  acted  upon 
both  by  gravity  and  by  electrostatic  repulsion.  The 
repulsion  is  between  particles  having  charges  of  the 
same  sign.  In  the  case  of  true  solutions,  the  size  of 
the  dissolved  molecules  is  so  small  that  the  electro- 
static  repulsion  far  outweighs  the  effect  ot  gravitation, 
and  the  particles  are  uniformly  diffused  throughout 
the  liquid.  The  sol  is  the  first  step  in  aggregation  ; 
the  particles  are  large  enough  to  reflect  light,  and 
while  electrostatic  repulsion  still  predominates,  the 
effect  of  gravity  is  to  make  the  upper  layers  of  the 
liquid  somewhat  less  concentrated  than  the  lower. 
The  gel  and  the  crystal  are  the  irregular  (or  amor- 
phous) and  the  regular  forms,  respectively,  )f  the 
solid  state.  The  opposing  effects  of  gravity  and 
viscoscity  largely  predominate,  but  electrostatic 
repulsion  is  partly  responsible  for  the  slow  settlement 
of  the  finest  grains. 

It  was  shown  above  that  electrolytes  may  promote 
sedimentation  by  forming  insoluble  compounds.  A 
second  way  in  which  they  may  accomplish  the  same 
object  is  by  decreasing  the  amount  of  OH  ions  present 
in  the  liquids.  Both  OH  ions  and  all  forms  of  clay 
particles  in  water  are  negatively  charged.  The  OH 
ions  appear,  with  most  clays,  to' have  a  marked  effect 
in  causing  the  clay  colloid  to  assume  the  sol  form  ; 
while  a  depression  of  the  number  of  OH  ions  tends  to 
coagulate  the  sol  and  form  the  gel.  The  reason  for 
the  comparatively  weaker  action  of  lime  (CaO)  as  a 


settling  agent  is  that,  while  it  forms  an  insoluble 
compound,  it  also  increases  the  OH  concentration  of 


Per  Cent  of  Clay  by  Weight 

Fig.  B. 

the  liquid,  two  opposite  influences  on  sedimentation. 
Sulphuric  acid,  on  the  other  hand,  not  only  destroys 
the  soluble  compound,  but  it  also  decreases  the  OH 
concentration.  With  4%  H.2S04  the  viscosity  is 
about  6%  greater  than  that  of  water,  but  these  other 
effects  predominate.  Sulphuric  acid  is  therefore  a 
most  effective  coagulating  agent 

Mr.  Nichols'  fourth  deduction,  that  close  packing 
of  the  clay  particles  will  render  the  electrolyte  ineffi- 
cient and  finally  of  no  avail,  is  not  exactly  in  accord 
with  clay-working  experience.  Carbonate  of  soda 
(Na2C03)  is  commonly  added  to  clay  slips,  with  the 
result  that  they  require  about  half  as  much  water  to 
be  capable  of  pouring  as  w  mid  be  the  case  without 
the  addition.  Addition  of  acid  sufficient  to  neutralise 
the  soda  stiffens  such  a  slip  again.  This  example  is, 
however,  with  more  dense  slips  than  in  the  cases 
considered  by  Mr.  Nichols. " — H.  E.  Ashley. — Min- 
ing and  Scientific  Press,  June  12,  1909,  p.  831. 
(W.  A.  C.) 


The  Chile  Mill. — "The  comparison  between  the 
two  styles  of  mill,  Chile  v.  stamps  and  tube  mills,  is 
shown  in  the  following  table. 

Comparison   of  Chile  Mills  and    Stamps   and    Tube 
Mills. 


5  Chile  Mills. 

'J.">  Shiiii)i^.  -J 

Tube  -Mills. 

( Japacity  to  150  mesh 

100  tons 

Km  tons 

( !ost   of  mills  and  power 

plant 
Weight  of  mills  and  p<>\\  er 

plant 
Power  required   ... 
Wearing  parts  renewed  . . 

$24,000 

195  tons 
46  h.p. 
every  2  years 

•$17,000 

127  tons 
95  h.p. 
every  3  nions 

The  Bgures  given  in  the  table  are  based  on  cost  of 
ironwork  without  framing,  as  the  latter  would  be 
about  the  same  in  either  case.  The  tubes  figured 
were  3*5x14  ft.,  and  the  stamps  1,050  lb.  Among 
the  points  not  covered  in  the  table  is  head  room,  the 
loss  of  of  which  is  much  less  with  the  Chile  mill,  thus 
giving  greater  latitude  in  choice  of  sites.  Less 
actual  ground  space  is  also  required.  Supporting 
framework,  building  and  erection  costs,  including  a 
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simple  hand  crane  for  the  Chile  mills  are  about  the 
same  in  either  ease,  while  depreciation,  attendance 
(skilled  as  well  as  unskilled),  accessory  equipment, 
breakages  and  probable  delays  are  all  decidedly  in 
favour  of  the  Chile  mill.  The  best  quality  of  the 
stamp  mill,  its  ability  to  withstand  rough  handling, 
is  possessed  by  the  Chile  mill.  Neither  over-feeding 
nor  under-feeding  has  any  effect  on  its  continuous 
operations,  these  conditions  merely  reducing  capacity 
temporarily." — M.  It.  Lamb. — Engiru  <  ring  "ml  Min- 
ing Journal,  .June  12,  L909,  p.  1182.     (A.  R.) 


Tube-Mill  Liners. — "The  following  points  have  to 

be  considered  in  conned  ion  with  liners  for  tube  mills : 

(1).  They  should  be   comparatively  thin,  so  as 

not  to  take  u]i  much  room  in  the  mill. 
(2).  They  should  be  so  arranged  that  there  is  no 

slip  of  the  pebbles  on  their  surfaces. 
(3).  They   must    be    easily   put    into   the   mill, 
require  no  attention,  and  he  readily  renewed. 
(4).   They  must  show  economy  as  regards  wear. 
The    'ribbed   liner'    here   described   has  all  these 
features. 

This  method  of  lining  tube  mills  has  been  well 
tested  at  the  Komata  Reefs  and  Waihi  (hand 
Junction  batteries,  and  has  given  great  satisfaction. 
The  quartz  at  the  Koinata  mine  is  very  hard,  and 
very  coarse  screens  are  used  on  the  battery  (wo ve- 
w  ire  screens,  with  three  holes  per  linear  inch),  so  the 
tube  mills  are  running  under  very  severe  conditions. 
At  present  two  mills,  each  16  ft.  x  4  ft.,  lined  with 
'  ribbed  liners,'  are  handling  LOO  tons  per  day  of  the 
:;  mesh  product,  and  grinding  it  down  to  a  very  fine 
condition.  The  grade-  before  and  after  grinding 
w  ere  respectively  : — 

( In  Passed 

fi-mosh.       10      20      40      (in      90     120    200    200 

%       %       %        %        %       %       %        % 

6  14o     18       13     10'5      13     4.".     iS       16 

—  _  —      —       1-5      16    l.V      8-5       59 

This  high  efficiency  of  the  mills  is  chiefly  due  to 
the  system  of  liners,  as  the  ribs  are  so  arranged  that 
there  is  no  slip  of  the  pebbles  on  the  liners,  and  the 
cascade  of  pebbles,  due  to  the  revolving  of  the  mill, 
i-  well  developed.  This  is  of  the  utmost  importance 
in  running  tube  mills.  The  mills  at  Komata  are  run 
with  a  'returning  box'  in  connection  with  them. 
This  box  is  of  the  '  spitzkasten '  type,  and  auto- 
matically returns  the  unground  particles  to  the 
mills,  the  furnished  product  overflowing  and  going  to 
the  treatment  plant. 

The  wear  of  pebbles  and  liners  in  the  two  Komata 
mill-  i-  3cwt.  to  4  cwt.  per  week  for  each  hi  ft.  I  ft. 
mill,  and  totals  l*56d.  per  ton  of  sand. 

A  comparison  between  'ribbed  liners'  ami  silex 
liners  of  the  most  improved  type  was  made  at  the 
Waihi  Grand  Junction  mine.      The  ore  at  this  mine 

IS  nol   nearly  a-  ban!  as  at    Komata.         During  fifteen 

weeks  with  the  silex  liners,  s,43o  tons  of  -and  were 
ground  in  the  mill.     The  cost    for  liner-  wasO-66d., 

and  for  Hints  (13  tons  17  cwts..  valued  at  E38  Is.  9d. ). 
1  -lisd.  =  3'lilb.,  making  a  total  of  I  vhl.  for  Hints  and 
liners  per  ton  of  sand  ground. 

During  the  fifteen  weeks  with  the  '  ribbed  liners,' 
8,680  tons  of  sand  were  ground.  Very  careful 
measurements  -bowed  that  the  life  of  a  ael  of  liners, 
allowing  one  set  of  angle  shoes  for  renewal-,  would 
be  eighty  weeks.  The  liner-  are  of  hard  cast  iron, 
and  the  estimated  cost  per  ton  of  sand  works  oul  at 
(I  I'-'il.  The  Hints  used  dining  the  fifteen  w  eek-  came 
to  5  tons  12  cwts.,  which  worked  oul  at  0*42d.  I  14 
lb.  per  ton  of  sand,  making  a  total  of  0  8 Id.  for  Hints 
and  liners  per  ton  of  sand. 


The  above  tests -how  about  the  same  tonnage  in 
each  case,  as  this  was  the  total  ore  being  crushed  by 
the  stampers  during  the  test,  but  during  the  run 
with  the  'ribbed  liner-'  the  grinding  was  very  much 
liner  than  with  the  silex  Liners,  the  result  being  a 
reduction  of  Is.  (id.  per  ton  in  the  value  of  the  -and 
tailings. 

( >wing  to  the  '  ribbed  Liners  '  being  comparatively 
thin,  the  average  working-area  of  a  19  ft.  4  ft.  10 
in.  mill  is  about  20  per  cent,  larger  than  with  silex 
liners,  and  this,  combined  with  the  lifting  action  of 
the  ribs,  increases  the  grinding  efficiency  of  a  mill  to 
a  remarkable  degree. 

The  arrangement  suitable  for  a  mill  about  4  ft. 
diameter  is  eight  ribs,  it  is  of  great  importance  that 
the  ribs  be  correctly  spaced  and  of  correct  size  ; 
roughly,  they  should  be  about  is  ins.  apart,  ami  a 

4  ft.  mill  requires  eight  ribs,  and  a  5  ft.  mill  ten  ribs. 
The  ribs  for  a  4  ft.  mill  are  .".  ins.      2\  ins.,  and  for  a 

5  ft.  mill  3^- ins.  .Sins.  Another  very  important 
feature  with  these  liners  is  the  speed  of  the  mill,  as 
this  should  be  -lower  than  with  the  thick,  Binooth- 
-111  face  liner-,  such  as  silex  or  concrete. —  F.  < '. 
Brown,  X<  w  /.nil" ml  Mines  Record,  London  Mini,"/ 
Journal,  June  26,  1909,  p.  795.     (A.  It.) 


Si  \u.\<;  ni'  Battery  Plates.  — "The  high  ex- 
traction recorded  by  Mr.   Goddard  was  possibly  due 

to  the  fact  that  the  plates  had  been  previously  silver- 
plated,  which  prevents,  to  a  certain  extent,  the 
absorption  of  the  gold  by  the  copper:  and  the 
amalgam  was  simply  a  cake  on  the  surface  and  might 
have  been  cleaned-up  almost  a-  completely  by  the 
use  of  steel  scrapers,  without  hammering  the  plate-. 
On  the  other  hand,  had  the  plates  been  originally 
plain  annealed  copper,  there  would  probably  have 
been,  at  the  time  of  scaling  them,  a  much  larger 
quantity  of  gold  absorbed  deeply  into  the  copper, 
and  a  very  small  percentage  would  have  been  re- 
covered by  the  method  described.  Consequently,  if 
it  i-  desired  to  recover  the  gold  from  annealed  plates 
and  avoid  the  expense  of  shipping  them  to  a  -inciter, 
it  become-  necessary  to  treat  them  by  a  more  effective 
process.  Below  I  give  details  of  one  by  mean-  of 
which  practically  all  the  gold  is  extracted  from  the' 
plate-  without  materially  affecting  them  ;  in  fact,  in 
comparison  with  new  one-  the  plates  are  perhaps 
improved,  as  they  become  mere  porous  and  therefore 
more  absorbent  to  mercury,   than   before  treatment. 

I    give    the    following    minute    details    of    procedure 

because  I  have  never  seen  the  method  referred  to  in 

any  book  : — 

No.  1.  After  cleaning  up  in  the  ordinary  way  by 
means  of  a  squeegee  and  scrapers,  etc..  the  plate  is 
taken  up  and  well  washed,  after  which  it  is  heated 
all  over  evenly  at  a  temperature  just  sufficiently  high 
to  eliminate  all  the  mercury. 

No.  •_'.  While  still  warm,  cat  the  upper  surface 
with  a  mixture  of  finely  powdered  sal-ammoniac  ami 
hydrochloric  acid  (the  mixture  should  be  almost  of 
the  consistency  of  a  paste  and  may  be  applied  con- 
\  eniently  W  Ltb  a  3  in.  paint    brush). 

No.  3.     Then  expo-e  the  plate  to  a   moderately 

high  temperature  until  evenly  red  hot  all  oxer. 

v,  t.  While  led  hot  plunge  suddenly  intoa  tank 
01  eold  water,  when  nearly  all  the  gold  come- away 
in  the  form  of  scale-,  ranging  from  -mall  particles  up 
to  pieces  of  2  in.  diameter.      About    L0      adheres  to 

the  surface  of  the  plate,  but  i-  easily  detached  by 
chipping  with  a  suitable  edged  tool. 

The  process  is  very  simple,  and.   with  convenient 

means  of  heating  the    plate-   and    a   -uitable   tank,    I 
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believe  a  plate  could  be  taken  up,  scaled  and  laid  for 
re-amalgamation  in  about  an  hour. 

To  avoid  the  necessity  of  bending  the  plate  the 
tank  should  be  of  a  greater  area  than  the  plate  and 
about  1  ft.  in  depth,  and  should  have  a  smooth  bottom 
to  facilitate  the  collecting  of  the  scales. 

The  scales  are  black  in  colour  and  Contain  possibly 
about  2.3  %  copper,  which  is  removed  by  boiling  in 
dilute  nitric  acid  in  an  enamelled  cast  iron  mercury 
bucket.  The  liquid  is  decanted,  and  the  operation  is 
repeated  three  or  four  times  until  the  acid  shows  only 
faint  signs  of  copper  in  solution,  after  which  the 
scales  are  washed,  dried  and  smelted. 

Some  years  ago  I  superintended  the  scaling  of 
eight  large  battery  plates  from  a  20-stamp  mill  in  the 
vicinity  of  Boksburg,  Transvaal.  The  operation  was 
conducted  under  considerable  difficulties  on  a  wood 
fire  in  the  open,  and  with  a  tank  which  required  the 
bending  of  the  plates  to  receive  them.  In  spite  of 
these  inconveniences  the  work  was  accomplished 
within  24  hours,  and  most  of  the  time  was  taken  up 
between  straightening  the  plates  out  again  and 
annealing  them. 

I  do  not  happen  to  have  kept  notes  recording  the 
exact  extraction  of  the  gold  corresponding  with  those 
given  by  Mr.  Goddard  in  his  paper,  but  the  result 
obtained  was  very  satisfactory,  and  the  fineness  of 
the  gold  was  found  to  be  about  5  %  higher  than  the 
average  of  that  which  had  been  yielded  from  the 
regular  clean-ups  extending  over  a  few  years,  and  I 
believe  this  is  invariably  the  case  when  the  scaling  is 
done  by  this  method. — J.  E.  Breakell,  Institution 
of  Mining  and  Metallurgy,  Bulletin  No.  57,  June, 
1909,  p.  39.     (H.  A.  W.) 


MINING. 

Acetylene  Lamps  Underground.  — "Acetylene 
lamps,  according  to  W.  F.  Slaughter  (Proc.,  Lake 
Superior  Mining  Institute,  vol.  xiii.,  p.  206),  consume 
about  one-fifth  as  much  oxygen  as  candles  do  when 
giving  the  same  amount  of  light.  On  that  account, 
when  it  is  necessary  to  work  in  badly  ventilated 
stopes  or  headings,  acetylene  lamps  should  be  used, 
not  only  because  they  consume  less  oxygen,  but  also 
because  they  give  a  bright  light  in  air  in  which  it  is 
difficult  to  make  a  candle  burn.  Acetylene  lamps 
are  now  made  small  enough  to  be  worn  on  a  miner's 
hat  ;  they  are  used  at  the  Saginaw  mine  on  the 
Menominee  range,  Michigan.  While  the  lamps 
require  some  attention  in  order  to  keep  the  water 
feeding  properly  to  the  carbide,  the  miners  soon 
learn  how  to  care  for  them.  The  lamps  then  give 
little  trouble.  It  is  said  that  it  costs  about  two-thirds 
as  much  for  light  when  acetylene  lamps  are  used  as 
against  candles.  At  the  Michigan  mine  the  cost  of 
the  carbide  required  to  last  a  10-hour  shift  is  about 
2  cents." — Engine,  ran/  ami  Mini/a/  Journal,  Jan.  16, 
1909,  p.  177.     (C.  B.  S.) 

Loading  Blast  Holes  and  Driving  Small 
Drifts.  —  "Contributors  to  recent  issues  of  the 
Journal  appear  to  hold  widely  divergent  views  as  to 
the  proper  method  of  loading  up  the  drill  holes.  As 
to  the  proper  place  for  the  detonating  cap,  I  am 
certain  that  Mr.  Adkinson  is  correct  in  stating  that 
a  hole  shows  more  shattering  in  the  vicinity  of  the 
detonating  cap  ;  this  is  no  reason,  however,  for  plac- 
ing the  cap  in  the  bottom  of  the  hole. 

As  everyone  knows,  dynamite  is  detonated  from  a 
solid  into  a  gas  by  pressure.  When  the  detonating 
cap  lets  go  it  compresses  ahout  2  cub.  in.  of  the  sur- 
rounding mass  of  dynamite  sufficiently  to  cause  dis- 
sociation ;    the    transition    from   solid   to   gas    must 


occupy  a  definite  interval  of  time,  about  one-twenty 
thousandth  of  a  second.  ■  The  initial  explosion  of  1  or 
2  cub.  in.  of  dynamite  in  the  immediate  vicinity  of 
the  cap  would  generate  sufficient  force  to  compress  . 
the  entire  charge  to  the  dissociating  pressure. 

Detonation  of  a  mass  of  black  powder  is  effected 
by  a  uniformly  expanding  zone  of  flame  starting  from 
a  spark.  With  dynamite  detonation  is  accomplished 
with  a  succession  of  jolts  separated  by  imperceptible 
but  definite  intervals  of  time.  This  explains  why  a 
strong  cap  and  a  well  packed  charge  give  definitely 
better  results.  The  strong  cap  detonates  enough  of 
the  surrounding  charge  to  make  a  strong  primary 
explosion.  When  the  charge  is  well  tamped  the 
primary  explosion  would  compress  2  ft.  or  3  ft.  of 
powder  to  the  pressure  of  dissociation.  With  a  weak 
cap  and  poorly  compacted  dynamite,  it  is  conceivable 
that  it  might  take  three  or  four  jolts  to  explode  the 
whole  charge. 

The  reason  the  ground  around  the  primer  is  badly 
shattered  is  that  the  primarj  explosion  of  an  ounce 
or  so  of  dynamite  has  not  power  enough  to  spring  the 
rock  burdened  on  the  hole,  and  as  the  tamping  is 
tightly  up  against  the  explosive,  the  pressure  crushes 
and  shatters.  In  the  interval  that  precedes  the 
detonation  of  the  main  portion  of  the  charge  the  gas 
from  the  primary  explosion  blows  the  tamping  back 
an  inch  or  so  and  cushions  the  main  explosion  to  a 
certain  extent.  For  these  reasons  I  believe  a  cap 
should  be  in  the  top  of  the  charge,  because  it  is 
evident  that  the  main  or  secondary  explosion  tears 
the  rock  out.  With  a  cap  on  top  a  small  part  of  the 
upper  end  of  the  charge  is  rendered  useless  for  rock 
breaking  purposes  ;  with  the  caji  in  the  bottom  a 
small  part  of  the  bottom  of  the  charge  is  consumed 
in  shattering  the  bottom  of  the  hole.  With  a  lifter 
or  back  hole  it  would  not  make  a  particle  of  differ- 
ence, as  far  as  breaking  ground  went,  where  the  cap 
was  ;  with  a  cut  hole,  where  the  power  is  needed  on 
the  toe  of  the  hole,  a  cap  on  top  of  the  charge  will 
tend  to  put  the  locus  of  the  principal  concussion  a 
fraction  of  an  inch  nearer  the  bottom  of  the  hole. 

Tamping. — In  breaking  rocks  with  mud-caps,  I 
find  it  makes  a  very  material  difference  whether  or 
not  the  detonating  cap  is  placed  on  top  of  the  dyna- 
mite. The  most  effective  way  to  break  a  rock  is  to 
pick  out  a  little  depression  and  form  a  wall  around 
it  with  plastic  clay  ;  fill  this  crater  with  dynamite, 
lay  the  cap  on  the  centre  and  cover  the  whole  with 
soft  clay.  If  the  cap  is  shoved  down  into  the  dyna- 
mite the  breaking  power  of  the  mud  cap  is  lessened. 
The  only  possible  explanation  of  this  phenomenon  is 
that  when  the  detonator  is  near  the  bottom  of  the 
dynamite,  the  detonation  lifts  a  portion  of  the  explo- 
sive bodily  from  the  rock  before  it  bursts  into  gas. 
High  explosives  must  have  a  good  contact  with  rock 
which  it  is  desired  to  break.  When  a  mud  cap  is 
placed  on  top  of  a  stone,  the  explosive  is  usually 
plastered  down  tight  against  it,  and  the  stone  is 
broken  into  several  fragments ;  if  the  same  quantity  of 
explosive  were  poked  under  the  stone  it  would  have 
poor  contact  and  do  very  little  execution.  This  is 
the  reason  why  dynamite  is  supposed  to  strike  down. 

In  regard  to  tamping  a  hole,  I  think  that  ordinarily 
8  in.  or  10  in.  of  clay  tamping  is  enough.  Strong  cut 
holes  require  more  tamping  to  get  the  full  power  of 
the  explosive.  Take  the  case  of  a  6  ft.  incut  hole  in 
the  face  of  a  drift,  the  hole  being  If  in.  in  diameter 
and  loaded  with  32  in.  of  60%  explosive.  The  centre 
of  the  charge  would  be  burdened  4  ft.  and  in  hard 
granite  or  trap  it  would  take  one  two-thousandth  of 
a  second  for  the  concussion  to  travel  from  the 
explosion  to  the  free  face.     This  means  that  for  a 
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period  of  one  two-thousandth  of  a  second  the  gases 
of  the  explosion  must  be  confined.  At  the  end  of  the 
period,  the  momentum  inparted  to  the  rock  tears  it 
away  from  the  solid.  During  this  period  the  tamp- 
ing will  be  subjected  to  a  pressure  of  450,0<»o  lb., 
sufficient  to  force  18  in.  of  clay  or  3  ft.  of  water 
tamping  6  in.  This  shows  that  18  in.  of  clay  tamping 
is  none  too  much.  A  6  ft.  hole  burdened  30  in. 
would  kick  8  in.  of  clay  tamping  back  6  in.  before 
the  rock  cleaved  from  the  solid. 

A  quick  way  to  tamp  up  a  round  of  holes  is  to  have 
one  of  the  muckers  make  a  candle  box  full  of  clay 
slugs  H  in.  in  diameter  and  4  in.  or  5  in.  long.  In 
loading  twist  a  piece  of  paper  around  one  end  of  the 
slug  and  they  are  easily  shoved  in  and  rammed 
home  with  the  loading  stick.  I  think  the  best 
results  are  obtained  by  putting  in  18  in.  of  tamping 
for  the  incut  holes  and  14  in.  for  the  other  holes. 
Using  a  2  in.  time  interval  on  the  fuses,  the  fire  in 
the  fuse  will  be  several  inches  in  the  tamping  before 
an  adjacent  hole  goes  off.  It  is  no  uncommon  thing 
for  a  hole  to  kick  oft'  2  ft.  or  3  ft.  of  another  hole  ;  as 
long  as  the  fuse  Avas  burned  down  into  the  tamping 
and  firmly  bedded  in  a  foot  or  so  of  clay,  the  spent 
fuse  would  break  in  case  a  collar  blew  oft' ;  otherwise 
the  fuse  might  be  pulled  out  of  the  hole.  I  noted  a 
case  in  which  one  hole  cut  another  hole  oft  in  tin' 
middle  of  the  powder  charge;  the  hole  had  pulled 
back  to  a  slip  and  the  dynamite  was  cut  so  smoothly 
that  there  was  no  sign  of  a  hole  on  the  slip  until  one 
of  the  men  stuck  his  pick  into  it. 

This  cutting  oft'  of  holes  is  a  prolific  source  of  acci- 
dent. If  the  holes  are  overloaded  as  they  often  are, 
powder  is  thrown  in  the  muck.  Of  course,  there  is 
no  method  of  blasting  that  will  eliminate  accidents 
altogether,  because  things  are  liable  to  happen  in 
blasting  a  round  of  holes  that  no  man  can  foresee. 

Drifting  find  Crosscutting. — In  driving  drifts  and 
crosscuts  where  there  are  no  good  slips  or  floors  to 
break  to,  the  '  V  or  pyramid  incut  will  be  found  to 
be  the  most  satisfactory.  In  narrow  drifts  four  holes 
will  be  enough  and  they  should  be  drilled  so  that  the 
points  nearly  or  quite  intersect.  In  drifting,  I  think 
the  double-screw  column  is  much  handier  than  a 
cross-bar,  although  it  takes  longer  to  rig  up  on  a 
•column  than  it  does  on  a  bar.  In  uneven  ground, 
the  machine  often  runs  up  or  down  on  a  hole  ;  with 
■a  column  and  arm  it  is  possible  quickly  to  adjust  the 
machine  for  alignment  and  often  prevent  the  steel 
from  fitchering  and  running  tight.  In  very  tight, 
hard  ground,  it  pays  to  set  the  column  as  close  to 
the  face  as  the  machine  will  work  ;  drill  the  holes 
about  b\  ft.,  and  give  them  as  much  lift  as  possible. 
Of  course,  when  the  cut  hole-  are  drilled  with  the 
machine  close  in,  the  column  has  to  be  rigged  hark 
about  IS  in.  to  drill  the  back  holes  and  lifters. 

If  the  ground  is  only  moderately  hard  it  pays  to 

drill  the  cut  holes  so  a-  to  bottom  l|  in  ;  then  4  lb. 
of  60%  or  75%  dynamite  can  be  put  in  the  bottom 
30  in.  of  each  hole.  If  the  ground  is  extremely  hard, 
time  can  be  made  by  drilling  the  boles  -mailer, 
bottoming  them  1]  or  1 §  in.  Not  only  do  small 
steels  cut  faster  and  hold  their  gauge  better,  but  it 
is  also  tar  easier  to  collar  a  hole  on  a  slant ing  face 
•with  a  small  starter. 

When  small  holes  are  used  it  will  be  necessary  to 
spring  the  four  cut  holes  with  about  four  1  |  in.  stirks 
oi  60  ,  then  blow  them  out  well  with  a  blowpipe  J 
this  will  chamber  the  holes  so  that  they  will  take 
enough  powder  to  throw  out  the  incut.  It  takes 
about  40  minutes  to  spring  lour  holes,  (15  minutes  to 
tamp   up,  15   minutes   to  get    the   -moke  out  of  the 


drift,  and  10  minutes  with  the  blowpipe  to  clean  and 
cool  the  holes.) 

Order  of  Fire  and  Mis/ins. — In  most  cases  it  i-  a 
decided  avantage  to  blast  the  incut  with  a  battery, 
although  it  takes  more  time  than  if  the  holes  are  all 
loaded  and  tired  in  one  round.  When  fired  with  a 
battery  the  Cut  generally  kicks  the  collars  of  a  few 
of  the  surrounding  holes,  so  that  after  the  incut 
round  there  is  not  the  same  danger  of  hole- cut  tin- 
one  another  oft'  and  causing  misfires  and  scattering 
powder  in  the  muck.  Again  if  the  cut  does  not 
come  out  well  the  bottoms  can  be  reloaded  and  split 
with  the  squaring  holes.  When  the  incut  is  blasted 
separately,  there  is  not  much  danger  of  the  machine- 
men  lighting  holes  out  of  their  proper  order  and 
perhaps  spoiling  the  whole  round. 

If  a  hole  that  is  solidly  tamped  with  about  a  foot 
or  so  of  clay  tamping  misses  tire,  it  is  certainly  no 
joke  to  dig  the  tamping  out.  If  the  caps  are  always 
soaped,  and  waterproof  fuse  is  used,  such  mishaps  are 
bound  to  be  extremely  rare.  One  method  of  drawing 
tamping  that  is  a  little  safer  than  picking  it  out  with 
a  scraper,  is  to  burn  it  out  by  repeatedly  loading  up 
whatever  collar  there  is  to  the  hole  ;  after  two  or 
three  shots  the  concussion  will  jar  through  the  tamp- 
ing and  set  oft'  the  main  charge.  Another  method. 
which  I  believe  is  safer,  is  to  make  a  little  tank  by 
capping  both  ends  of  a  6  in.  or  8  in.  pipe  about  3  ft. 
long,  tapping  in  a  couple  of  inch  nipples  on  opposite 
sides  of  the  pipe.  This  tank  would  hold  two  or  three 
pails  of  water.  To  blow  tamping  use  a  small  tip  on 
the  blowpipe,  wedge  a  plank  or  board  across  the 
drift,  and  after  inserting  the  blowpipe  in  the  hole, 
lash  it  fast  to  the  board  so  that  it  cannot  kick  back. 
Now  run  the  blowpipe  hose  to  the  water  tank  and 
run  the  machine  hose  from  the  air  pipe  to  the  upper 
nipple  of  the  tank.  Use  a  valve  200  ft.  or  300  ft. 
hack  from  the  face  for  turning  on  the  air  pressure. 
This  method  works  well  in  an  upper  or  Hat  hole  :  it 
will  often  wash  out  a  foot  of  tamping  without  shift- 
ing the  blow  pipe."— O.  C.  >I< Taiilank.  —  Tin  Engi- 
neering and  Mining  Journal,  Jan.  23,  1909,  pp.  225  6. 
(('.  II.'S.) 


A  Selective  Electric  Fuse  Spitting  Devk  e. 

— "  Spitting  holes  in  shafts,  especially  in  wet  ground, 
i-  hazardous  work,  and  the  danger  has  been  greatly 
increased  by  the  introduction  of  electric  hoisting. 
With  electric-power  systems  the  loss  of  power  is 
sudden  and  without  warning,  while  in  the  case  of  air 
or  -team  there  is  a  gradual  dying  away  of  the  power. 
Hence,  there  is  danger  of  the  failure  of  the  electric 
power  between  the  blasting  signal  warning  the 
engineer  to  be  ready  to  hoist  and  the  final  signal  for 
hoisting  the  miners  away  from  the  blast. 

Since  even  the  best  of  electric-power  systems  is 
liable  to  fail,  especially  when  the  transmission  line 
is  Ion-,  the  Bolving  of  the  problem  of  Idas!  ing  w  ithotit 

the  attendant  danger  of  being  caught  when  the  holes 
are  fired,  ha-  been  given  much  study.  Of  course, 
simultaneous  blasting  by  electric  current  is  possible, 
hut  that  is  not  desirable  in  shaft  work  where  timbers 
generally  have  to  he  kept   close  to  the  bottom  and 

w  here  the  cut  hole-  must  he  tired  lirst  to  get  the  best 

results. 
The  device  described  in  the  following  paragraphs 

was  perfected  at  the  llecla  mine,  in  t  he  (  oui  •  d'.\  lene 
district,    Idaho,    for    selective    firing   of   hole-   In, in   a 

distance  by  means  of  electric  current.  In  sinking  a 
big  three-compartment  shaft  at  that  mine,  the  air 
plant  being  taxed  tn  it-  full  capacity,  the  hoisting 

had    to    be  done    from    the    main    plant,    which    was 

operated  by  electric  power  generated  at   Spokane 
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Falls,  Washington,  over  100  miles  distant.  The 
frequent  temporary  interruptions  in  the  transmission 
of  the  power  got  on  the  nerves  of  the  shaftmen,  for 
they  feared  that  the  power  might  fail  when  they 
were  spitting  heavy  blasts  in  the  shaft.  The  result 
was  that  the  company  electrician  devised  a  plan  of 
spitting  the  fuse  at  a  safe  distance  so  "us  to  eliminate 
this  danger. 

One  Miss  in  a  Thousand  Shots. — The  first  device  used 
was  not  satisfactory,  but  by  rebuilding  it  and  using 
a  higher  voltage,  P.  C.  Schools,  electrician  at  the 
mine,  has  succeeded  in  bringing  the  machine- to  such 
a  state  of  perfection  that  the  misses  amount  to  only 
1  in  1,000. 

The  perfected  system  consists  of  a  firing  board, 
where  the  operator  tests  his  circuits  and  '  spits '  his 
holes  in  the  order  desired  ;  a  reel,  on  which  is  wound 
the  cable  carrying  the  wire  used  in  spitting  ;  and 
firing  blocks  attached  to  the  end  of  the  cable.  The 
holes  are  charged  and  primed  in  the  usual  way,  and 
the  spitting  wire  is  inserted  in  a  slit  cut  in  the  fuse 
near  its  end.  The  fuse  is  wrapped  tightly  with 
electrician's  tape,  and  thoroughly  coated  with  axle 
grease,  so  that  the  juncture  is  practically  waterproof, 
and  the  spitting  can  be  done  successfully  under 
water. 

The  spitting  ends  are  all  prepared  before  going  in- 
to the  shaft,  and  the  fuses  are  all  cut  the  same 
length,  as  the  operator  gives  the  time  interval 
between  holes  when  he  inserts  the  plug  at  the  firing 
board.  Each  fuse  has  two  leads  of  a  spitting  wire 
projecting;  from  its  end.  The  cable  containing  the 
wires  with  the  attached  firing  blocks,  which  is  kept 
on  a  reel  in  the  station  on  the  next  level  above  the 
shaft  bottom,  is  now  lowered  to  the  bottom,  and  the 
two  No.  10  annunciator  wires  projecting  from  the 
fuse  of  the  first  hole  to  be  fired  are  securely  wrapped 
around  the  two  heavy  copper  leads  of  block  No.  1. 
This  gives  hole  No.  1  direct  connection  with  the  firing 
board  on  the  level  above.  Holes  Nos.  2,  3,  4,  etc., 
are  then  attached  to  the  numbered  blocks  in  the 
order  in  which  they  are  desired  to  explode. 

The  system  is  designed  for  a  24-hole  round,  which, 
of  course,  can  be  used  for  fewer  holes  if  desired  ;  the 
number  of  holes  can  easily  be  increased,  but  that 
rarely  would  lie  necessary. 

Tests  Insure  Ignition  of  the  Fuse. — When  all  the 
holes  are  ready  to  be  fired,  the  men  are  hoisted  to  the 
firing  station,  and  the  circuits  are  tested  out.  To 
test  the  circuits,  the  main  line  switch  is  closed  and 
care  taken  that  the  single-pole  firing  switch  is  open, 
for  it  is  impossible  to  spit  a  fuse  unless  the  firing 
switch  is  closed.  This  firing  switch  is  kept  in  a  box 
under  lock  anil  key,  and  only  one  man  on  each  shift 
has  a  key  to  open  it.  The  flexible  cable  and  [dug  is 
then  inserted  into  each  of  the  holes  in  the  firing 
board  numbered  to  correspond  to  the  holes  below  to 
be  fired.  If  the  circuits  are  closed,  and  ready  to  be 
fired,  the  lamps  at  the  top  of  the  board  will  light.  If 
the  lamps  should  not  light,  then  there  is  something 
the  matter  with  the  circuit  that  must  be  remedied. 
If  all  the  circuits  tests  closed,  then  the  shots  are 
ready  to  be  lived. 

To  fire  the  shots,  the  main  line  switch  is  closed, 
the  firing-switch  box  is  unlocked,  and  plug  inserted 
into  No.  1,  the  lamp  lights,  the  firing-switch  is 
closed.  This  short  circuits  the  lighted  lamps  causing 
them  to  go  out,  and  at  the  same  time  applies  !  fit 
volts  directly  across  the  No.  26  tinned  iron  wire  in 
the  fuse  at  the  bottom  of  the  shaft.  This  wire  melt  ■'• 
with  a  blinding  Hash,  spits  the  fuse,  and  burns  itself 
free.  The  firing  switch  is  then  opened  immediately, 
so  that  if  an  arc  is  maintained  at  the  fuse  it  will  be 


smothered  by  the  cutting  in  of  the  lamp  resistance. 
With  the  plug  still  in  No.  1,  and  the  firing  switch 
open.,  failure  of  the  lamps  to  light  indicates  that  the 
spitting  wire  at  the  bottom  did  its  work,  and  the  fuse 
is  now  burned  ;  but  if  the  lamps  again  light  up 
brightly,  it  indicates  that  the  fuse  did  not  spit,  and 
that  the  firing  switch  must  again  be  closed.  It  is 
seldom,  if  ever,  that  the  firing  switch  has  to  be 
reclosed. 

Littlr  Additional  linn  Required. — The  operator 
then  allows  his  time  interval — a  few  seconds  between 
the  holes — which  in  most  cases  is  simply  time  enough 
to  change  his  plug  to  the  next  hole.  He  then  pro- 
ceeds with  second  hole  as  above  described,  retesting 
the  circuit-firing  resistence  to  see  if  the  operation 
was  successful,  and  continuing  until  all  the  holes  are 
spit.  The  melting  of  the  fuse  wire  leading  to  each 
hole  disconnects  the  firing  blocks  so  that  the  lower 
end  of  the  cable  is  free,  the  upj>er  end  is  then  detached 
from  the  firing  board,  the  cable  wound  on  to  the  reel, 
and  set  aside  until  the  next  round  The  fuses  are 
all  ignited  and  the  shots  go  in  the  order  desired  with- 
out any  attendant  danger. 

While  seemingly  complicated  in  description,  this 
device  can  be  cheaply  installed  where  the  current  is 
available.  In  making  this  device  nothing  is  required 
besides  the  ordinary  material  and  apparatus  kept  at 
a  mine  where  electric  current  is  used  for  power.  The 
original  device  was  patented  by  one  of  the  miners 
who  was  working  in  the  shaft  when  it  was  used,  but 
as  neither  of  the  inventors  have  taken  out  a  patent, 
the  perfected  form  is  not  covered  by  the  stolen 
patent. 

This  device  is  as  simple  to  operate  as  a  telephone 
switch  board,  while  the  attaching  of  the  firing  blocks 
to  the  fuse  takes  little  more  time  than  would  be 
required  in  spitting  a  fuse  with  a  torch,  and  is 
quicker  than  spitting  with  a  hot  iron  ;  but,  of  course, 
it  is  not  speed  that  is  important,  but  safety. " — Robt. 
N.  Bell,  Engineering  and  Mining  Journal. — Queens- 
land Government  Minimi  Journal,  March  15,  1900, 
p.  129.     (C.  B.  S.) 

Monazite. — "  The  extensive  application  of  the 
oxide  of  thorium  in  the  manufacture  of  mantles  for 
incandescent  gas  lights  creates  a  large  demand  for 
minerals  containing  thorium.  Of  the  latter,  monazite 
is  found  to  lie  far  the  most  abundant,  and  is  there- 
fore the  principal  source  of  thoria.  Dr.  Charles 
Baskerville  mentions  eighty  minerals  in  which 
thorium  has  been  found.  Some  of  these  would 
possess  high  commercial  value  as  a  source  of  thorium 
if  found  in  sufficient  quantity.  Among  these  may 
be  mentioned  thorianite  with  58  to  89%  of  thoria, 
auerlite  with  70%,  calciothorite  with  59  to  60%,. 
thorite  with  48  to  72%,  uranothorite  with  48  to  52  , 
and  thorogummite  with  41  to  42%.  Auerlite  has 
been  found  in  small  quantities  in  the  zircon  mines  of 
Henderson  County,  N.C.  Frank  L.  Hess  describes 
the  occurrence  of  several  thorium-bearing  minerals 
along  with  the  other  rare  earth  minerals  in  the 
famous  Baringer  Mill  locality,  Texas.  These  are 
mackin'oshite,  thoiogummite,  nivenite,  .and  yttrial- 
ite  ;  they  are  of  scientific  interest  rather  than  of 
commercial  value  as  a  source  of  thoria.  Thorianite 
and  thorite,  es]  ecially  the  former,  are  found  in 
quantities  of  commercial  value  in  Ceylon. 

Monazite  i>  phosphate  of  cerium,  lanthanum, 
praseodidymium,  and  neodidymium  with  a  variable 
percentage  of  silica  and  thoria.  The  proportion  of 
thoria  in  monazite  ranges  from  less  than  1%  to  more 
than  20%.  The  average  quantity  in  monazite 
obtained  for  commercial  purposes   varies  between  3- 
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and  9  per  cent.  The  colour  of  the  monazite  ranges 
from  grayish  to  yellow,  to  reddish,  to  brownish,  ami 
greenish.  The  lustre  is  resinous,  and  is  especially 
Brilliant  on  cleavage  faces.  Monazite  is  opaque  to 
translucent,  and  subtransparent.  The  specific 
gravity  ranges  from  4!)  to  5*3,  and  is  generally  over 
5,  so  that  the  mineral  is  readily  concentrated  by 
ordinary  methods  of  washing.  The  mineral  is 
brittle,  With  a  hardness  of  5  to  5*5.  Monazite  gener- 
ally occurs  in  small  crystals  with  brilliant  faces  in 
the  original  rock  matrix.  These  crystals  are  rounded 
by  attrition  when  set  free  from  the  rocks  and 
deposited  in  gravel  beds  by  streams. 

The  bulk  of  the  world's  supply  of  monazite  for  the 
preparation  of  thorium  nitrate  used  in  the  manufac- 
ture of  incandescent  gas  mantles  comes  from  Brazil. 
The  Brazilian  monazite  is  exported  to  foreign  coun- 
tries, principally  Germany  and  Great  Britain,  for 
manufacture.  The  plants  manufacturing  thorium 
nitrate  from  monazite  in  the  United  States  are  sup- 
plied entirely  by  the  domestic  production.  Up  to 
the  present  time  all  the  monazite  produced  for  com- 
mercial purposes  in  the  United  States  has  come  from 
North  Carolina  ami  Si  hi i  h  ( larolina.  Monazite  occurs 
in  a  number  of  other  States,  and  apparently  promis- 
ing deposits  have  been  tested  in  Idaho  and  Georgia. 
The  monazite  region  of  North  Carolina  and  South 
Carolina  is  a  north-east— south-west  belt  twenty  to 
thirty  miles  wide  and  over  150  miles  long.  This 
belt  iies  wholly  within  the  Piedmont  Plateau,  and 
borders  closely  on  the  Blue  Ridge,  to  whose  general 
course  it  is  roughly  parallel. 

Monazite  occurs  in  quantities  of  commercial  value 
in  tin;  Carolinas  in  the  form  of  sand  in  alluvial 
gravel  deposits.  These  deposits  are  situated  in  the 
bottom  lands  along  creeks  and  streams,  in  the  stream 
beds,  and  in  some  cases  in  terrace  format  ions.  The 
gravels  of  these  deposits  vary  in  richness,  and  prob- 
ably  do  not  often  mn  over  I  monazite.  The  gravel 
beds  range  from  one  toot  to  severalfeet  in  thickness, 
ami  they  cover  areas  varying  from  a  few  square 
yard-  to  many  acres.  Occasionally,  the  rock  forma- 
tions similar  to  those  from  which  the  monazite  is 
derive*  carry  an  appreciable  amount  of  monazite. 
In  no  case-,  however,    have    these    rocks    been    found 

rich  enough  for  profitable  working  on  a  large  scale. 

The  usual  method  of  mining  monazite  is  by  con- 
centration in  sluice  boxes.     In  some  cases  YYilney  or 

other    concent  ratine-     tables,     operated     by    gasoline 

motors,  are  used  to  separate  the  monazite  from  the 
gravel.  The  crude  sand  thus  obtained  ranges  from 
1.",  to  GO  or  70%  monazite.  By  treatment  with 
electro-magnetic  machinery,  the  grade  of  the  sand  is 
raised  to  about  90  monazite  with  an  available  con- 
tent  of  4$  to  5%  of  thoria.  The  monazite  is  shipped 
in  this  form  to  the  manufacturers,  and  there  turned 
into    nitrate    with   a  thoria   content    of  48  to  50    ." 

Douglas  B.  Stkrrett  Mineral  Resources,  U.S.A., 
1908,  l.<m<h,ii  Mining  Journal,  June  5,  L909,  p.  700. 
(A.R.) 


Cost  of  Underground  Work.  "The  general 
manager  of  the  Golden  Horseshoe  Mine  has  furnished 
the  subjoined  statement  relating  to  the  underground 
department,  and  <•  ntaining  some  interesting  parti- 
culars of  the  operations  of  the  mine  during  the  yeai 
ended  31sl  December,  1908. 

(Tons  where**  er  shown  are  of  2,240  H». ) 

Workdone  by  3£  in.  Rock  Drill  Machines. — The 
total  average  number  of  machines  in  constant  use 
throughout  the  no  e  was  30*81.  The  following  are 
particulars  of  work  dune  in  stopes  and  on  develop- 
ment : — 


St  oping. — 
Machine-  in  use  per  shift  ...  ...     24*81 

Number  of  holes  bored  ...  ...     72.338 

Average  depth  per  hole  bored   ...  6*92  ft. 

Average   number   of  feet  bored  per  drill 

per  shift...  ...  ...  ...     22  '53  ft. 

Tonnage  of  ore  broken  per  drill  per  shift     1074  tons 

Explosives. — 
Stoping:    Explosives  used  per  ton  of  ore 

broken       ...  ...  ...     0*745  lb. 

Drives  :     Explosives  used  per  foot  driven      14-U9  lb. 
Crosscuts  :  Explosives  used  per  foot  cross- 
cut ..  ...  ...     9-66  lh. 

Passes,    Rises   and    Winzes  :     Explosives 

used  per  ton  '  risen  '  or  sunk     9*38  lb. 
Shaft  Sinkine- :     Explosives  used  per  foot 

sunk  ...  ...  ...   16-16  lh. 

Ore  Broken  "ml  Raised. — 
Average  tonnage  per  man  per  shift  (based  on   total 
number   of   men  engaged   in   the    underground 
department,  viz.,  495)  =  1  •6S"_'">  tons. 
Average  tonnage  per  man  per  shift   (based  on  total 
number  of  men  actually  engaged  in  stoping  and 
tilline  ore  into  shoots,   viz.,  _'7-3  men  for  298  1-3 
days,    breaking  238,552   tons)=2*9077    tons."' — 
Monthly  Journal,  <  Ihamber  of  Mines,  \V.  A. — A  ustra- 
lian  Mining  and  Engineering  Review,  June  5,  1909, 
p.  -294.     (A.  K.) 

MISCELLANEOUS. 

An  Improved  Tape  Reel  for  Engineers  and 
SURVEYORS.  —  **  This  new  design  is  intended  to  over- 
come the  many  objections,  difficulties  and  annoy- 
ances incident  to  tlie  use  of  the  present  designs  oi 
reels — objections  which,  in  many  cases,  even  a  novice 
in  their  use  has  easily  realized,  but  which  somehow 
have  escaped  the  attention  of  the  reel  makers. 

Among  these  defect-  are  (1)  slow  winding  ;  ri) 
difficulty  in  preventing  the  unwinding  of  the  tape  ; 
(3)  easy  clogging  alone  friction  surface  with  dirt  and 
grit.  Smaller  defect-  may  be  found  in  the  large 
friction  surface,  short  winding  crank,  etc.  The 
makers  of  this  new  reel,  which  they  call  the  "Ideal," 
claim  to  overcome  all  these  and  other  defect-.  Thus, 
where  it  takes — with  the  present  tape-reel — about 
L30  turns  of  the  winding  crank  to  wind  up  a  100-ft. 
tape,  consuming  from  thirty-five  seconds  to  a  minute 
of  time,  by  means  of  an  arrangement  of  gearing, 
giving  three  revolutions  of  the  tape  drum  to  each 
revolution  of  the  winding  crank,  only  -tu  revolutions 
are  necessary  to  wind  up  the  100-ft.  tape.  This  can 
he  done    with    ea-e    in  tell  sec. Hid-.        This  feature   of 

quick  winding  is  particularly  desirable  in  working  on 

city  street-  and  other  places  where  interference  from 

traffic  is  constant,  and  many  broken  tape-  would  be 
a  ■ oided  by  such  a  rapid  winding  device.  The  second 
defect  in  the  present  reels  mentioned  above  is 
obviated  by  the  introduction  oi  a  'tape  arrester.' 
This  is  merely  a  rod  working  in  a  tube  attached  to 
the  reel  plate.  Normally,  the  inner  end  of  this 
pi-ton  i-  tree  from  the  gear  wheel,  hut  on  pressing  it 
with  the  forefinger  the  inner  end  engages  the  teeth 
of  i  he  larger  pear  wheel  ami  instantly  arrests  the 
unwinding  of  the  tape.      This  feature,  taken  in  com- 

ination  with  a  leather    handle   attached  to  the  reel, 

permits  the  operator  to  make  accurate  measurements 
without  the  necessity  of  laying  the  reel  aside  or 
<  herwise  disposing  of  it  it  will  save  cut  fingeis, 
iroken  tapes,  ami  inaccurate  operations,  to  say  no- 

lling  of  the  temper  of  the  operator. 

The  third  defect   mentioned,  that    is,  the  clogging 

if  the   friction   surface,   a-   well   a-  the  other  minor 

ts,    aie   overcome    by   the    form  and  method  of 


156 


The  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.  Oct.  1909 


construction.  All  the  gearing  is  well  protected  and 
the  form  of  the  plates  has  been  made  to  fit  the  hand 
and  thus  prevent  slipping  during  the  operation  of 
Avinding.  The  drum  is  light,  strong  and  free  from 
friction  surface,  revolving  about  an  axle  attached  to 
the  smaller  gear  ;  there  is  nothing  to  be  clogged,  and 
any  grit  that  may  collect  about  the*  axle  can  be 
easily  removed.  Altogether  the  advantages  claimed 
for  the  new  reel  are  so  striking  that  every  tape  user 
should  investigate  its  merits." — Tin  Engineering 
Digest,  Feb.,  1909.     (C.  B.  S.) 

Bonding  New  to  Old  Concrete. — "  For  connec- 
tions made  after  a  lapse  of  24  hours  or  more,  break 
back  the  surface  concrete  to  firm  material,  and  clean 
the  fresh  surface  with  steam,  air  blast  or  forceful 
water  streams  so  as  to  remove  all  line  loose  material. 
Saturate  well,  but  not  so  that  water  stands  on  the 
surface  or  oozes  from  the  material.  Paint  completely 
with  neat  cement  grout,  mixed  to  the  consistency  of 
thin  cream,  just  before  new  concrete  is  deposited, 
ami  see  that  the  latter  is  of  proper  mixture,  contain- 
ing a  proper  proportion  of  mortar,  which  should  be 
worked  against  t lie  joint  so  as  to  be  certain  that  no 
* oids  exist  in  its  vicinity. 

For  connections  made  after  long  intervals,  so  that 
the  old  cement  has  set  hard,  and  where  the  expense 
of  rough-pointing  the  whole  surface  is  greatei  than 
is  required  because  of  the  nature  of  the  desired  bond, 
use  commercial  muriatic  acid,  diluted  with  clear 
water,  1  to  o,  or  the  commercial  bonding  powders, 
dissolved  in  clear  water  at  the  rate  of  5  lb.  of  powder 
to  10  gal.  of  water.  First  wet  the  old  concrete 
surface  with  so  much  water  that  a  fresh  wetting  is 
not  immediately  absorbed.  Remove  any  excess  of 
moisture,  and,  when  the  surface  appears  as  if  com- 
mencing to  dry,  paint  on  the  old  surface  three 
successive  coats  of  acid  one  after  the  other.  Let  this 
remain  for  about  30  ruin.,  after  which  carefully  clean 
the  surface  of  unspent  acid,  soluble  salts,  and  line 
material,  with  plenty  of  water,  linally  cleaning  with 
a  steam  jet  or  air  blast  if  obtainahle.  Just  before 
tin-  fresh  concrete  is  to  be  deposited,  and  while  the 
old  material  is  still  very  damp,  apply  a  thin  coat  of 
neat  cement  grout  mixed  to  the  consistency  of  thin 
cream  just  before  the  new  concrete  is  deposited,  and 
see  that  the  latter  is  of  proper  mixture  containing  a 
proper  proportion  of  mortar,  which  should  be  worked 
against  the  joint  so  as  to  be  certain  no  voids  exist  in 
its  vicinity. 

Generally,  if  proper  bonding  methods  are  adopted, 
with  acid  and  grout,  work  may  be  stopped  along  4.V 
planes  at  any  point  in  a  beam,  at  pleasure,  between 
the  ends  ami  the  third  points  ;  such  planes  would 
lietter  be  diagonal  compression  planes.  The  writer 
prefers  such  joints  to  vertical  ones  at  the  centers  of 
Warns,  where  direct  tensile  and  compressive  stresses 
are  larger.  Further,  it  is  to  be  remarked  that  no- 
thing but  ample  reinforcement,  consisting  of  stirrups 
or  numerous  diagonal  rods,  can  compensate  for  the 
detrimental  effect  of  a  horizontal  joint  left  along  or 
near  the  central  axis  of  a  beam.  The  writer  prefers 
numerous  stirrups,  well  connected  to  the  tension 
rods,  and  amply  anchored  in  the  top  concrete." — 
From  a  paper  read  by  Mr.  E.  P.  Goodrich  before  the 
American  Society  of  Civil  Engineers,  March  3,  1909. 

The  Engineering  Digest.     (C.  B.  S. ) 


The  Gas  Engine  and  Low-grade  Fuels. — 
"  The  value  of  a  combustible  as  a  fuel  for  power 
generation  depends  not  only  on  its  thermal  efficiency, 
but  on  local  conditions  affecting  cost.  While  coal 
and  petroleum  are  the  most  efficient  and  concentrated 


fuels  available  for  power  purposes,  they  may  not 
always  be  the  most  economical. 

There  is  an  increasing  effort  to  make  available  the 
lower  grade  of  fuels  at  the  places  where  they  are 
found  ami  tranportation  costs  do  not  have  to  be  con- 
sidered. Efforts  in  this  direction  have  met  with 
considerable  success  especially  in  the  adaptation  of 
the  gas  producer  to  the  generation  of  gas  for  gas 
engines,  from  materials  that  have  usually  been 
considered  as  having  little  fuel  value.  The  power 
being  generated  by  exploding  the  gas  with  air,  the 
attainment  of  high  temperatures  required  in  steam 
generation  is  not  necessary,  or  desirable,  sufficient 
heat  only  need  be  generated  in  the  producer  to  distill 
the  volatile  matter  from  the  fuel  and  to  burn  the 
solid  carbon  to  the  combustible  carbon  monoxide. 
The  completion  of  the  combustion  takes  place  in  the 
cylinder  of  the  engine  when  the  mixture  of  gas  and 
air  is  exploded. 

Producer  gas  through  its  use  in  gas  engines  is 
becoming  an  important  factor  in  solving  the  power 
problem  in  those  regions  where  water  is  too  scarce  or 
contains  too  many  impurities  for  satisfactory  use  in 
steam  boilers/' — The  Mining  World,  June  26,1909. 
(C.  B.  S.) 


Meaning  of  the  Kilowatt  Hour.— "  Many 
are  puzzled  to  understand  the  peculiar  significance  of 
some  of  the  terms  used  in  denoting  the  measurement 
of  electric  current.  The  words  'amperes,'  'volts' 
and  '  watts '  slip  easily  oft'  the  tongue  of  those  who 
are  familiar  with  the  language  of  electrical  science, 
but  it  is  not  very  well  appreciated  how  many  are 
unable  to  comprehend  their  precise  meaning.  The 
'  kilowatt  hour,'  however,  gives  more  trouble  than 
any  of  the  other  terms. 

To  explain  this  term  needs  first  a  clear  definition, 
and  then  a  comparison.  Everyone  will  understand  that 
a  certain  amount  of  force  must  be  used  to  drive  electric 
currents  through  a  circuit.  This  force  is  measured  by 
volts  ;  thus  we  have  110-volt  currents  and  220-volt 
currents,  the  one  expressing  just  twice  the  force  of  the 
other.  But  the  quantity  of  current  passing  through  a 
circuit  depends  upon  the  force  and  the  resistance,  and 
so  the  quantity  is  expressed  by  a  different  term,  viz., 
'  amperes.'  Now  the  efficiency  of  the  current  depends 
upon  both  force  and  quantity,  and  to  express  this 
efficiency  or  united  action  we  multiply  the  force  by 
the  quantity-  that  is,  the  volts  by  the  amperes — 
and  express  the  result  in  watts.  Thus  110  volts 
multiplied  by  live  amperes  is  550  watts,  or  220  volts 
multiplied  by  live  amperes  is  1,100  watts. 

A  kilowatt  is,  of  course,  1,000  watts,  which  is 
equivalent  to  about  1:',  h.-p.  In  charging  a  battery 
the  lighting  company's  bill  for  the  use  of  so  many 
watts  for  so  many  hours —thus  1.000  watts  for  10 
hours — would  be  charged  as  10  kilowatt-hours,  which 
at  5  cts.  a  kilowatt-hour  would  be  50  cts.,  a  charge 
that  seems  little  enough  for  10  hours'  use  of  \\  h.-p." 
—Mining  World,  June  26,  1909,  p.  1228.      (C.  B.  S.) 


Increase  in  World's  Gold  Production. —The 
London  Statist  gives  the  world's  production  of  gold  in 
1908  as  the  largest  in  history,  or  S409,ooo,000, 
against  $400,000,000  in  1907  and  8390,000,000  in  1906. 
The  outlook  is  for  a  further  expansion  of  gold  pro- 
duction, because  of  its  stable  value,  more  economical 
mining  with  modern  machinery,  and  the  thorough 
extraction,  compared  to  the  loss  of  one-third  of  the 
gold  in  milling  a  generation  ago.  —  United  States 
( 'onsular  Report. — Mines  and  Minerals  August, 
1909,  p.  44.     (A.  R.) 
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Test  of  Large  Reinforced  Concrete  Beams. 
— "  A  pamphlet  issued  by  the  University  of  Illinois 
gives  particulars  concerning  an  interesting  series  of 
tests  conducted  by  Professor  A.  N.  Talbot  with  tbe 
object  of  determining  the  actual  properties  of  beams 
made  under  practical  conditions  of  construction. 
The  members  were  taken  from  a  number  of  beams 
prepared  for  use  on  the  Illinois  Central  Railroad, 
and  were  in  the  form  of  slabs  25  ft.  long  by  6  ft.  3  in. 
wide  by  2  ft.  10  in.  deep  at  the  middle,  tbe 
average  weight  being  33  tons  each,  the  weight 
being  probably  expressed  in  American  tons  of 
2,000  lb.  It  is  satisfactory  to  observe  that  tin- 
behaviour  of  the  slabs  was  similar  to  that  of  beams 
made  and  tested  in  laboratories,  a  result  which 
should  inspire  contidence  in  the  quality  and  sound- 
ness of  reinforced  concrete  work  of  judicious  design 
and  constructed  with  care.  The  tests  show  very 
clearly  the  efficiency  of  vertical  U-shaped  stirrups 
and  bars  bent  up  towards  the  ends  in  withstanding 
diagonal  tension.  Ample  precaution  against  in- 
cipient failure  by  diagonal  tension  is  specially  im- 
portant because  of  the  risk  of  sudden  failure  and  the 
impossibility  of  detecting  signs  of  weakness  in  places 
where  the  sides  of  beams  are  not  open  to  inspection." 
-—Mining,  Building  and  Engineering  Journal,  July 
10,  1909.'     (C.  B.  S.) 


Reviews  and  New  Books. 


(We  shall  be  pleased  to  review  any  Scientific  or  Tech- 
nical Work  sent  to  us  for  that  purpose. ) 

The  Copper  Handbook  for  1908.     Compiled  and 
Published  by  H.  J.  Stevens,  Houghton,  Mich., 
U.S.A.     $5. 
"  The  present  is  the  eighth  annual  edition  of  this 
work  which  has  grown  since  I'.KIl  from  328  pages  to 
1,500  pages  of  text.    No  less  than  0,767  copper  mines 
and  companies  are  listed  and  described,  the  descrip- 
tions  varying   from   a   few   lines   to   several    pages 
according  to  importance.     There  are  also  23  chapters 
dealing     with     the     history,    geology,    geography, 
mineralogy,  chemistry,  metallurgy  and  statistics  of 
copper.      To   those   persons   who   are   interested   in 
copper    mines   the    work    is    invaluable."  —  Minimi 
Engineering,  July,  1909.     (A.  R.) 


Handbook  for  Field  Geologists.  By  ('.  W. 
Hayes,  Ph.D.,  Chief  Geologist,  U.S.  Geological 
Survey,  viii.  -i  159,  (New  York :  John  Wiley 
&  Sons.   London:  Chapman  &  Hall,  Ltd.).  6s.  (id. 

"  One  of  the  most  useful  geological  handl ksthat 

we  have  seen  for  a  long  lime  Ls  a  handbook  tor  Field 
Geologists  which  lias  recently  been  received  for 
review.  In  order  to  make  the  handbook  as  complete 
as  possible  within  reasonable  limits  some  8 i  pages  of 
general  instructions  are  given  with  regard  to  prepara- 
tion for  held  work,  outfit,  held  observations  and  the 
method  of  making  various  horizontal  and  vertical 
measurements,  the  use  and  manner  of  recording 
notes,  and  the  collecting  of  specimens,  together  with 
a  deal  of  information  with  regard  to  the  various 
details  of  held  operations.  Excellent  and  concise  as 
these  instructions  are,  the  geologist  who  has  occasion 
to  do  much  work  in  the  open  will  doubtless  find  the 
instructions  for  special  investigations  which  are  given 
in  Part  II.  a  most  useful  and  thoroughly  well 
arranged  series.  A  number  of  schedules  nave  Keen 
prepared  with  a  view  to  securing  system  and   com- 


pleteness in  making  and  recording  observations. 
.Most  of  them  are  not  intended  to  be  exhaustive  or 
to  cover  all  possible  points  on  which  the  specialist 
will  make  observations.  They  are  rather  for  the 
guidance  and  help  of  the  specialist  when  he  is  work- 
ing outside  his  speciality.  These  objects  have  been 
clearly  borne  in  mind  by  Dr.  Hayes,  who  deal- 
separately  with  the  different  classes  of  rocks,  igneous 
and  sedimentary,  and  points  out  the  special  matters 
which  are  to  be  investigated  and  considered  in  each. 
At  the  end  of  the  chapters  in  which  these  things  are 
discussed,  a  summary  of  the  instructions  is  given, 
together  with  notes  regarding  the  significance  of  the 
various  characteristics  which  are  necessary  to  be 
noted.  Following  these  there  are  given  a  collection 
of  schedules  containing  every  important  heading 
under  which  facts  should  be  noted,  regarding  the 
geology  and  structure  of  rock  masses  generally,  the 
geological  details  of  glaciers  and  glacial  deposits, 
metalliferous  ores,  placer  deposits,  stone,  road 
materials,  cement  materials  and  lime,  clay,  sand, 
gravel,  coal  and  gas,  and  the  rest.  In  all  there  are 
fourteen  separate  schedules,  and  it  would  be  difficult 
to  think  of  any  rock  characteristic  or  point,  however 
small,  about  which  inquiry  should  be  made,  which  is 
not  in  one  way  or  another  mentioned  or  suggested  in 
the  schedules.  The  handbook  is  of  convenient  size, 
well  bound,  and  in  every  way  a  vade  mecum  which 
should  be  in  the  hands  of  every  geologist  who  takes 
his  work  seriously." — S.A.  Mining  Journal,  Aug.  21, 
1909,  p.  702.     (A.  R.) 


Igneous  Rocks.  Vol.  I.  By  Joseph  P.  Iddings. 
(New  York  City  :  John  Wiley  &  Sons.  $5. 
"  Vol.  I.  is  devoted  to  composition,  texture,  and 
classification  of  igneous  rocks.  It  is,  naturally, 
highly  specialised  and  interests  chiefly  the  petro- 
graphers.  The  book  is  well  illustrated  and  contains 
copious  references  to  the  general  literature  on  the 
subject."— Mines  and  Minerals,  Aim..  L909.     (A.  K.) 


II anm'.ook  ox  Tacheometrical  Surveying.    By 

C.  XVDIS,  C.E.  lis.  (London:  E.  &  V.  N.  Spoil. 
Limited.) 

"A  useful  book,  which  comes  to  fill  a  gap  in  our 
technical  literature,  as  hitherto  very  little  has 
appeared  in  print  on  the  subject  handled  so  thoroughly 
in  this  work.  We  remember  only  a  paper  by  the 
late  Mr.  Brough  and  another  by  .Mr.  Niel   Kennedy. 

The  pros  and  cons  of  the  subject  we  need  nut  dis- 
cuss here,  as  they  are  well  known  to  those  of  our 
leaders  who  are  interested  in  such  work.  L'nlike 
the  majority  of  its  kind,  this  work  is  anything  but 
voluminous,  and  on  that  ground,  in  1 1 1 i  — -  busy  age,  il 
appeals  to  us  ;  moreover,  its  information  is  couched 
in  plain  and  concise  term-,  with  many  practical  sug- 
gestions for  methods  of  working,  serviceable  alike  to 
surveyors  and  t  heirpnpils."  Lund*,,,  Mining  Journal, 
Aug.  21,  L909.     (A.  K.) 


Prehistoric  Rhodesia.     An   Examination  of  the 
Ethnological  ami  Archaeological  Evidences  as  to 
t  he  Origin  and  Age  of  t  he  I  jock  Mines  and  Stone 
Buildings,  with  a  Gazetteer  of  Mediaeval  South- 
Easl  Africa.     By  R.   N.  Hall,  author  of  -The 
Ancient  Ruins  of  Rhodesia.1  With  Illustrations, 
Maps  and  Plans.     L2s.  6d.     (London:  T.  Fisher 
I'nw  in.) 
"This   hook   describes    the  ruins  and  ancient  mine 
workings  of  Rhodesia.     It  is  published  in  an  attrac- 
tive  form,  while   the  descriptions  aie  aided   by  a 
number  of  most  excellent  photographs, 
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Mr.  Hall  does  not  believe  in  Prof.  Maclver's  con- 
clusions —  viz. ,  that  the  ruins  are  comparatively 
modern.  He  endeavours  to  prove  their  antiquity", 
and  to  upset  the  statement  made  that  Nankin 
china  Mas  found  below  the  walls  of  the  oldest  build- 
ings. 
_  Investigations  of  tins  nature  present  .meat  difficul- 
ties, for  we  note  the  ruins  appear  to  be  almost 
characterised  by  their  irregular  design,  while  the 
absence  of  squares  and  circles  in  theii  constructive 
details  is  a  feature  worth  noting  ;  the  apparent 
absence  of  inscriptions  increases  the  difficultfes  of 
research  work.  Mr.  Hall  is  to  he  congratulated 
upon  the  way  he  has  massed  and  pieced  together  the 
scattered  records,  involving,  as  it  must  have  done,  a 
vast  amount  of  patient  labour. 

It  seems  doubtful  it  the  true  age  of  these  Rhode- 
sian  remains  will  evei  he  known.  The  extensive 
ancient  mine  workings  which  abound  all  over  that 
territory  are  evidence  of  large  quantities  of  gold 
having  been  mined.  We  think  that  the  estimates  of 
tonnages  and  values  of  ground  treated  are  too 
problematical  to  be  considered. 

The  conclusions  generally  favour  the  antiquity  of 
these  remains,  and  there  is  also"  evidence  that 'the 
mine  workings  have  keen  undertaken  from  ancient 
even  up  to  modern  times. 

It  would  appear  that  Rhodesia  in  the  past  has  pro- 
vided a  large  population  with  the  means  of  subsis- 
tence, and  that  to-day  the  country  promises  to  rival 
its  ancient  condition  in  value  and  prosperty." — 
London  Mining  Journal,  Aug.  21,  J909.     (A.  R.) 

investigation  of  the  peat  boos  am)  peat 
Industry  of  Canada  during  the  Season 
1908-9.      By    ERIK    NYSTRoM,   M.E.,  and  S.   A. 

ANREP,  .M.K.  (Ottawa,  Canada:  Department 
of  Mine-.) 

'•  A  year  ago,  the  Mines  Branch  of  the  Department 
of  Mines.  Ottawa,  issued  a  report  on  'Peat  and 
Lignite,  their  Manufacture  and  Uses  in  Europe,' 
with  the  object  of  giving  to  Canadians  as  complete  a 
review- as  possible  of  this  industry  in  those  countries 
in  which  it  has  been  most  successfully  carried  on. 
This  report  is  now  followed  by  a  bulletin,  entitle.! 
•The  Investigation  of  the  Peat  Bogs  and  Peat 
Industry  of  Canada  during  the  Season  1908-9,'  by 
Erik  Nystrom,  M.E.,  peat  expert  This  bulletin 
comprises  25  pages  of  text,  and  includes  six  large 
scale  maps  of  peat  bogs. 

The  bulletin  contains  a  descriptive  report  of  each 
bog,  showing  the  location,  area  and  structure,  and 
giving  an  estimate  of  the  available  supply  of  peat 
fuel,  with  records  and  analyses,  calorific  values,  etc., 
and  should  be  of  particular  interest  to  those  engag<  d 
in,  or  connected  with,  the  development  of  Canadian 
peat  resources. 

A  fuel-testing  plant  is  now  being  erected  at 
Ottawa,  in  which  the  value  of  peat  for  the  production 
of  power-gas  will  he  demonstrated,  and  the  Depart- 
ment proposes  to  cany  on  a  very  thorough  investiga- 
tion of  this  subject."  —  London  Minimi  Journal, 
Aug.  21,  1909.     (A.  Ik) 

Metallurgy    of    the    Common    (Non-Ferrous) 
Mktals.     By  A.    Humbolt   Sexton,    I'.l.c. 
F.C.S.,etc.,and  John  S.  <  r.  Primrose,  A.G.T.C, 
etc.      (Manchester:    The   Scientific    Publishing 
Company 
"The    exhaustive    treatment    which     has     been 
accorded  to  various  common  non-ferrous  metals  by 
different  authors  rather  tends  to  dwarf  the  import- 
ance of  a  work  which,  in  one  volume  of  less  than 


500  pages,  deals  with  the  metallurgy  of  a  number  of 
these  metals,  lint  it  must  he  explained  that  this 
book  is  only  intended  as  an  introduction.  The 
requirements  of  those  engaged  in  metallurgical  work 
will  be  better  met  by  the  larger  works.  ;t  [Jst  0f  which 
is  given  by  the  authors,  for  it  is  obviously  impossible 
in  the  space  occupied  to  ileal  fully  with  the  metal- 
lurgy of  each  metal.  For  instance,  antimony  occu- 
pies 12  pages  only,  whereas  another  author  finds 
sufficient  material  to  lill  a  complete  volume  on  the 
subject.  Similarly  other  metals  are  only  dealt  with 
briefly,  though  copper  comes  in  for  much  fuller  treat- 
ment. This  is  only  meet,  in  view  of  the  extensive 
and  varied  uses  to  which  that  metal  is  put  and  the 
number  of  processes  employed  for  extracting  and 
refining  it.  In  fact,  about  one  third  of  the  book  is 
devoted  to  the  subject  of  copper,  including  the 
mineral,  the  principles  of  copper  smelting,  processes 
for  treating  the  ore,  and  refining  processes.  The 
subject  of  tin  is  summarised  in  about  40  pages,  and 
then  follow  zinc,  lead,  antimony,  aluminium,  and 
nickel.  It  may  be  suggested  that  in  such  a  work  it 
would  have  been  well  to  include  some  information  on 
other  of  the  metals  which,  while  scarcely  classed  as 
common,  yet  are  in  more  or  less  extensive  commercial 
use.  That,  however,  is  beside  the  point  now,  for  the 
authors  have  set  the  limitation  and  have  worked 
within  it.  producing  a  hook  which  is  certainly  an 
excellent  introduction  to  fuller  works.  Naturally, 
there  has  been  made  little  attempt  to  offer  original 
matter  -.  rather  has  existing  information  been 
gathered  together  and  condensed  into  one  volume. 
This,  we  may  say,  is  one  of  the  leading  characteristics 
of  the  work,  and  the  most  important  features  of  the 
metallurgical  processes  dealt  with  are  thus  presented 
in  a  concise  and  systematic  way." — Iron  and  <'<><ii 
Troths  Review,  Sept.  5,  1909.     (A.  R.) 


The  following  reports  have  been  received  from  the 
Mines  Departments  mentioned,  and  have  been 
transferred,  for  the  convenience  of  members  and  for 
ready  reference,  to  the  Seymour  Library,  Transvaal 
University  College. 
A.    From  the  Department  of  Mines.  Canada. 

1.  Report  on  the  Chrome  Iron  Deposits  of  the 
Eastern  Townships,  Province  of  Quebec.  By 
Fritz  Cirkel.     pp.  I. -IV.  and  1-141. 

This  is  the  29th  number  of  the  valuable  series  now- 
being  issued  by  the  Canadian  Department  of  Mines 
under  the  direction  of  Or.  Haanel.  Its  primary 
object  is  to  meet  the  demand  for  information  on 
certain  aspects  of  the  iron  and  steel  industry,  which 
in  recent  years  lias  developed  so  rapidly  in  Canada. 
It  deals  very  fully  with  the  subject  of  its  title,  and 
in  addition  there  are  sections  on  the  ores  of  other 
countries,  including  the  Transvaal  (c.f.  Hall  and 
Humphrey,  Trans.  Geo.  Soc.  S.  A.,  Vol.  XI..  May 
]n,  1908),  and  Rhodesia,  as  well  as  the  composition, 
statistics  and  chronology  of  the  chrome  industry.  A 
chapter  on  the  determination  of  the  value  of  ehroniile 
follows,  and  then  one  on  its  uses.  It  will  he  of 
interest  to  our  members  to  quote  the  following  from 
p.  102:  "  Chrome  steel  is  extremely  hard,  tough  and 
dense.  It  is  possessed  of  great  tensile  strength,  and 
is  superior  to  any  metal  known  for  the  wearing  parts 
of  mills  used  for  crushing  and  pulverising  gold, 
silver  ami  other  ores.  This  steel  is  especially 
adapted  to  severe  service  and  resistance  to  abrasion. 
and  for  the  wearing  parts  of  stamp  mills,  such  as 
battery  -hoes  and  dies,  cams,  tappets  and  bosses, 
chrome  steel  lias  proven,  by  reason  of  its  durability. 
the  most  economical  and  satisfactory  material  to  be 
obtained."'     A  useful  chapter  on  the  technology  of 
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chromium  and  its  compounds  follows,  and  two 
appendices  fa  J  a  reprint  from  the  Mineral  Industry 
on  the  Metallurgy  of  Chromium,  (b)  Experiments 
with  Chromite  al  McGill  University,  Montreal.   The 

report  is  well  printed  and  illustrated  with  fifteen 
diagrams  and  eleven  plates  in  half-tone,  and  will  he 
valuable  to  all  who  are  concerned  with  this  industry. 
(J.A.W.) 

2.  Report  on  the  Investigation  of  an  Electric  Shaft 
Furnace,  Doninarfvet,  Sweden,  etc  By  P. 
Haanel,  Ph.  D.     pp.  1-38. 

This  report  forms  a  sequence  to  the  reports  pub- 
lished in  1904,  1906  and  1907  by  the  department  on 
the  electric  smelting  of  iron  ores,  and  the  investiga- 
tion was  undertaken  by  Dr.  Haanel  in  December 
last  on  the  invitation  of  the  inventors.  The  results 
given  represent  the  latest  developments  of  the 
electric  smelting  of  iron  ores.  The  report  is  divided 
into  four  parts,  the  first  of  which  deals  very  fully 
with  the  trial  runs,  and  it  is  interesting  to  note  that 
the  experiments  undertaken  show  that  a  saving 
could  probably  be  effected  under  Swedish  conditions 
at  Doninarfvet  of  about  Si  v>.">  per  ton  by  the  use  of 
this  furnace.  In  addition  to  the  above  there  are  two 
valuable  reports  constituting  Parts  III.  and  IV.,  the 
former  dealing  very  fully  with  the  general  arrange- 
ments and  full  working  details  of  the  factories  lor 
the  manufacture  of  carbon  electrodes,  and  the  latter 
with  modern  methods  of  charcoal  making.  Part  II. 
descrihes  a  new  electric  furnace  for  the  manufacture 
of  steel.     (J.  A.  W.) 

B.  From  the  Department  of  Mines,  Western  Aus- 
tralia. 

1.  Report  on  the  Progress  of  Mining  in  the  dis- 
tricts between  Leonora  and  Wilnia.  By  A. 
Montgomery,  M.A.,  F.G.S.,  State  Mining  En- 
gineer,    pp.  1-85. 

2.  Report  on  the  Waverley  or  Siberia  District.  By 
A.  Montgomery,  M.A.,  F.G.S.,  State  Mining 
Engineer,     pp.  1-26. 

3.  Report  of  the  Department  of  Mines  for  the  year 
KM  is. 

4.  Bulletin  No.  35.  Geological  Survey.  Western 
Australia.  Geological  Report  on  the  Gold  and 
Copper  Deposits  of  the  Phillips  River  Goldfield. 
By  H.  P.  Woodward.  Assistant  Government 
Geologist,  with  which  is  incorporated  a  descrip- 
tion of  the  Crystalline  Pocks  of  the  District.  By 
E.  S  Sampson  and  L.  Glanert  (with  two  map-, 
eight  plates  and  seven  photographs),    pp.  1-17~>. 

C.  From  the  Department  of  Mines.  India. 

1.  Report  of  the  Chief  Inspector  of  Mines  in  India 
for  the  year  ending*  31st  December,  1908.  By  J. 
P.  P.  Wilson,  M.l.c.  P.,  F.G.S.     pp.  1-140. 

D.  From  the  Missouri  Bureau  of  Geology  ami 
Mines. 

1.  Vol.  VI.,  2nd  Series.  The  Lime  ami  Cement 
resources  of  Missouri  (U.S.A.)  By  IP  A. 
Buehler,  P.S.,  Assistant  State  Ceologisl.  pp. 
[.-XVI.  and  L-254. 

2.  Vol.  V..  2nd  Series.  Public  Roads.  Their 
Improvement  and  Maintenance.  By  P.  P. 
Buckley.    (J.A.W.i 


Adams,  Prof.  Henry.  CasselFs  Building  Con- 
struction. Comprising  Note-  on  Materials.  Pro- 
Cesses,  Principles  and  Practice,  including  2,284 
engravings  and  12  Plate.-.  Part  I.  Ito.,  sd.,  pp.  24. 
Cassell.     Net  3d. 

British  standard  Specification  for  Cast  Iron  Pipes 
for  Hydraulic  Power.  (Engineering  Standard  Com- 
mittee, No.  44.     Folio,  sd.     Loclcwood.     Net  .">-. 


Butler,  Edward.  Carburettors,  Vaporisers,  ami 
Distributing  Valves  Used  in  Internal  Combustion 
Engines.     8 vo.,  pp.  188.     C.  Griffin.     Net6s. 

Caven,  P.  M.  Systematic  Qualitative  Analysis. 
For  Students  of  Inorganic  Chemistry.  Cr.  8vo., 
pp.  24i ».     Blcmkie      Net  3s.  (id. 

Colby,  Albert  Ladd.  Reinforced  Concrete  in 
Europe.  Its  Applications,  Economic  and  Endurance. 
Tin-  Systems,  the  Forms  of  Bars,  and  the  Metal  used 
in  England  and  on  the  Continent.  Royal  8vo. 
Williams  &  Norgate.     Net  14.-.  (id. 

Crane,  W.  P.  Index  of  Mining  Engineering 
Literature      8vo.     Chapman  &  Hall.     Net  17. 

Harrison,  Newton.  Wireless  Trlephone.  Con- 
struction.    Cr.  8vo.,  pp.  74.  Spon.    Pimp,  net  Is.  (id. 

Hatch,  I'.  IP.  ami  Corstorphine,  G.  S.  The 
Geology  of  South  Africa.  2nd  Edition,  Svo.,  pp. 
xvi.,  394.     Macmillan.     Net  21s. 

Haughton,  C.  E.  The  Element-  >>i  Mechanic*  of 
Materials.  A  Text  Book  for  Students  in  Engineer- 
ing Courses,     svo..  pp.  194.     Constable.     Net7s.6d. 

Hol'.ey,  C.  D.  The  Lead  and  Zinc  Pigment-. 
Cr.  Svo      Chapman  ((•  Hall.     Net  12s.  6d. 

Koester,  Frank.  Hydroelectric  Developments  and 
Engineering.  Illustrated.  Imp.  8vo.,  pp.  480. 
( 'onstable.     Net  21s. 

McDonald,  J.  C.  Hint-  to  South  African  Farmers. 
Cr.  Svo..  pp.  ss.     Argus  Printing  Co.     Net  •_'-.  6d. 

Moor,  C.  G.  The  Recognition  of  Mineral.-.  Being 
a  Collection  of  Nod'-  and  Simple  Test-  for  the  1  se 
of  Travellers  and  Prospectors.  With  Monographs  on 
Geology.  Ore  Deposits,  etc.,  By  Donald  A.  Mac- 
Alister.  Cr.  Svo.,  pp.  vii.,  231.  Mining  Journal.  Net 
7s.  lid. 

Morris,  W.  P.  Steam  Power  Plant  Piping  Systems. 
Svo.     Spon.     Net  21. 

Philip,  .lames  C.  The  Romance  of  Modern 
Chemistry.  A  Description  in  Non-Technical  Langu- 
age of  the  Diverse  and  Wonderful  Ways  in  which 
Chemical  Forces  are  at  Work  and  of  their  Manifold 
Application  in  Modern  Pile.  With  2.)  Illustrations 
and  1.")  Diagrams.     Cr.  Svo.,  pp.  :sjs.     Seeley.     5s. 

Ramsay,  John.  Engineering  Units  of  Measure- 
ments, with  Symbols  ami  Abbreviations.  British 
and  Metric  Equivalents.    8vo.,sd.    Simpkin.   Net  I-. 

Raynes,  P.  W.  Dome-tic  Sanitary  ami  Engineer- 
ing and  Plumbing.     8 vo.,  pp.  488.     Longmans.     Net 

Ids.    (id. 

Report  of  the  Senior  Analyst  of  the  <  'ape  of  i ; 1 

Hope  for  the  Near  1908.  Folio,  sd.,  pp.  2").  IP. 
Wesley.     Nel  2s. 

Scale-.  P.  Shillington.  Practical  Micro-copy.  An 
introduction  to  the  Microscopical  Methods.  2nd  Ed. 
Cr.   Svo.,   pp.   350.     BaUliere.     Net  .V. 

Science  Chemistry  Papers.  Being  the  Questions 
set  at  the  Intermediate  Science  Examination  of  the 
University  of  London.  From  1892  to  1909.  (Univer- 
sity Tutoial  Scries.)   Cr.  svo..  pp.  .">ii.    Clive.    ■_'-.  6d. 

thoma-.  II.  II..  and  MacAlister,  D.  A.  The 
Geology  of  (ire  Deposits.  Illustrated.  Cr.  8vo., 
pp.  128.     /•;.  Arnold      Net  7s.  (id. 

Thoma-.  II.  II..  ami  MacAlister,  D.  V  The 
Geology  of  Ore  Deposits  (Geological  Series).  l2mo., 
pp.  4l(i.      E.  Arm,///.      Net  7>.  (id. 

Tower.  Walter  Sheldon.  The  Story  of  Oil.  Illus- 
trated.    Cr.  8vo.,  pi>.  284.     Appleton.     Net  ♦  ». 

I  le,  Board  of.  Electric  Lighting  Act-.  1882 and 
1888  Regulations:  (a)  for  -.-curing  the  safety  of 
the  Public,  ami  1//1  for  ensuring  a  proper  and  -uilici- 
ent  Supply  of  Electrical  Energy. 

Pnwin.  W.  Cawthorne.  The  Elements  oi  Machine 
Design.  Part  1.  New  Edition  Revised  ami  En- 
larged.    Bvo.,  pp.  546.     Longmans.     Net  7-.  (id. 
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Selected  Transvaal  Patent  Applications. 


Rklating  to  Chemistry,  Metallurgy  and 
Mining. 


Compiled  by  C.  H.  M.  Kisch,  F.M. Chart. Inst. P. A. 
(London),  Johannesburg  (Member). 

(N.B. — In  this  list  (P)  means  provisional  specifica- 
tion, and  (C)  complete  specification.  The  number 
given  is  that  of  the  specif  cation,  the  name  that  oj  the 
applicant,  and  the  date  that  oj  filing. ) 


(C.)  416/09.  Maurice  Leblane.  Improvements 
relating  to  condensing  and  refrigerating  apparatus. 
10.9.09. 

(C.)  417/09.  The  Hon.  Charles  Algernon  Parsons, 
C.B.     Improvements  relating  to  turbines.     10/9/09. 

(P.)  418/09.  Thomas  William  Weston.  Weston's 
patent  wedge  drive.      11.9.09. 

(P.)  419/09.  Herbert  Briggs.  Improvements  in 
mortar  boxes  for  stamp  mills.     14.9.09. 

(C.)  420/09.  Edwin  Ernest  Spargo.  A  contri- 
vance for  holding  and  operating  hand  rock  drills. 
14.9.09. 

(P.)  421/09.  Henry  Cawood  Embleton.  Improve- 
ments in  or  connected  with  pneumatic  stamps  for 
crushing  ores  and  the  like.     14.9.09. 

(P.)  422/09.  Austin  John  Roberts  Atkin.  Im- 
provements in  jockeys  or  rope  grips.     15.9  09. 

(C.)  424/09.  George  Lester  Whitcombe.  Im- 
provements in  or  connected  with  concentrators  or 
apparatus  for  separating  or  grading  metals,  ores  and 
other  substances  in  wet  recovery  processes.     17.9.09, 

(C.)  425/09.  James  Miners  Holman  (1),  John 
Leonard  Holman  (2).  Improvements  in  or  connected 
with  jigging  mechanism  for  operating  conveyors, 
separators  and  the  like  for  ores  and  substances. 
17.9.0!). 

(P.)  427/09.  George  Allen  Fowler.  Improvements 
in  tunnelling  machines.     18.9.09. 

(P.)  428/09.  David  Meffan  Grassie  (1),  Edward 
Chard  (2).  Cover  for  amalgamating  plates,  zinc 
boxes,  and  the  like.     18.9.09. 

(P.)  429/09.  Charles  Reeves.  Improved  method 
for  the  recovery  of  gold  from  liquids  and  the  like. 
20.'. (.09. 

(C.)  433/09.  William  Stansneld  (1),  John  Joseph 
Hatt  (2).  Improvements  in  and  relating  to  magnet 
windings  of  electro-magnetic  apparatus.     21.9.09. 

(C.)  434/09.  Percy  William  Cook.  Improve- 
ments in  and  relating  to  armoured  concrete  construc- 
tions.    24.9.09. 

(('.)  435/09.  Ernst  Schmatolla.  Improvements 
in  kilns  for  burning  limestone,  dolomite  and  the 
like.     24.9.09. 

(P.)  436/09.  Frank  William  Marsden.  Improve- 
ments in  milling  and  amalgamating  apparatus. 
25.9.09. 

(C.)  437/09.  Samuel  Russell.  Improvements  in 
the  fixing  of  pulleys  and  the  like  upon  shafts. 
25.9.09. 

(P.)  438/09.  William  Cochran  Boyd.  Improve- 
ments in  mortar  box.     27.9.09. 

(P.)  439/09.  John  Daniel  Robertson.  Automatic 
sanitary  tidal  tank.     27.9.09. 

(P.)  '  440/09.  John  Hughes  (1),  Samuel  Bates 
McKee  (2).  Improvements  in  means  for  transmit- 
ting power.     28.9.0!). 

(C.)  441/09.  Edward  Brice  Killen.  Improve- 
ments in  and  connected  with  rubber  tyres  and  their 
attachment  to  wheels.     28.9.09. 


(C.)  442/09.  Edward  Brice  Killen.  Improve- 
ments in  or  relating  to  wooden  wheels.     28.9.09. 

(C.)  445/09.  Edward  Farrar.  Improvements  in 
classifying  and  concentrating  apparatus.     30.9.09. 

(C.)  446/09.  John  William  Hall  (1),  Cyril  Baynes 
(2).  Improvements  in  or  relating  to  detachable  rims 
for  wheels.     30.9.09. 

(P.)  447/09.  Henry  Tyzzer.  An  improved  clutch 
for  ropes  and  relating  to  mechanical  haulage.   1. 10.09. 

(P.)  448/09.  Rollo  Bowman  Ballantine.  An  im- 
proved process  for  the  manufacture  of  cyanides. 
1.10.09. 

(P.)  449/09.  Rollo  Bowman  Ballantine.  An  im- 
proved process  for  the  manufacture  of  cyanides. 
1.10.09. 

(P.)  450/09.  Rollo  Bowman  Ballantine.  An  im- 
proved process  for  the  manufacture  of  cyanides. 
1.10.09. 

(P.)  451/09.  George  Taylor  Philip  (1),  Arthur 
Chichele  Plowden  (2).  Improvements  in  or  relating 
to  vessels  for  holding  oil  or  other  fluids.     2.10.09. 

(P.)  452/09.  Edmund  Arthur  Hamblin.  An  im- 
provement in  and  relating  to  the  method  or  manner 
of  coupling  railway  engines,  carriages,  trucks  or 
vehicles  of  any  description.     5.10.09. 

(P.)  453/09.  Harry  August  Wilson.  A  new  or 
improved  combined  automatic  depth  and  weight 
indicator  for  use  on  mines.     6.10.09. 

(P.)  454/09.  Charles  Reeves.  Improved  method 
for  treatment  of  slimes  and  the  like.     6. 10.09. 

(P.)  456/09.  John  Mitchell  Lafayette  Henry. 
Method  of  treating  acid  water.     6.10.09. 

(C.)  457/09.  John  Hugh  Portescue.  Roller  mill 
concentrate  crusher.     6.10.09. 

(C.)  458/09.  Edward  James  Horwood.  Improve- 
ments in  and  relating  to  the  separation  of  zinc  blende 
and  other  metalliferous  constituent  from  ore  concen- 
trates and  slimes  by  flotation  or  granulation.  9.10.09. 

(P.)  Hans  Charles  Behr.  Improvements  in  hoist 
engines.     9.10.09. 

(P.)  461/09.  Hans  Charles  Behr.  Improvements 
in  ore  storage  and  handling  devices.     9.10.09. 

(P.)  462/09.  Henry  John  Barclay.  An  invention 
for  the  development  of  photographic  plates  without 
the  use  of  a  dark  room.     9.10.09. 

(P.)  463/09.  David  Laird.  A  coating  for  metallic 
or  earthernware  surfaces  of  carborundum  to  prevent 
abrasion.     11.10.09. 

(P.)  465/09.  Edward  Henry  Johnson.  Improve- 
ments in  the  process  of  recovering  metals  from  their 
solutions.     12.10.09. 

(P.)  466/09.  Hans  Chailes  Behr.  Improvements 
in  pneumatic  ore  stamps,  hammers  and  the  like. 
12.10.09. 

(P.)  467/09.  James  Philip  McKeown.  Improve- 
ments in  mortar  boxes  for  stamp  mills.     13.10.09. 

(P.)  468/09.  Adrien  Marie  Aloysins  Birs.  Gas 
purifier  for  suction  gas  plant.     15.10.09. 


Changes  of  Addresses. 


Member  and  Associates  are  requested  to  notify  the 
Secretary  immediately  of  any  change  in  address, 
otherwise  it  is  impossible  to  guarantee  the  delivery  of 
.Journals  or  Notices.  The  Secretary  should  be  notified 
of  non-receipt  of  Journals  and  Notices  at  once. 


The  List  of  Members  issued  with  this  Journal  is 
corrected  to  the  date  of  going  to  press. 
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Proceeding's 

AT 

Ordinary  General  Meeting-, 
November   20,   1909. 


The  Ordinary  General  Meeting  of  the  Society 
was  held  in  the  Lecture  Theatre  of  the  Trans- 
vaal University  College,  on  Saturday  evening, 
November  20th,  Mr.  W.  R.  Dowling  (Vice-Presi- 
dent) in  the  chair.      There  were  also  present:  — 

76  Members  :  Messrs.  F.  F.  Alexander,  E  H- 
Croghan,  E.  J.  Laschinger,  G.  O.  Smart,  Prof- 
G.  H.  Stanley,  H.  A.  White,  Prof.  J.  A. 
Wilkinson,  J.  Littlejohn,  Pi.  G.  Pevington,  W.  A. 
Caldecott,  A.  F.  Crosse,  E.  H.  Johnson,  S.  H. 
Pearce,  Prof.  J.  Yates,  H.  A.  Adams,  P.  Allen, 
A.  Avent,  S.  G.  Bartlett,  S.  Beaton,  P.  W. 
Bentley,  F.  L.  Bosqui,  P.  Carter,  F.  Chapman, 
W.  M.  Coulter,  J.  Daniel,  J.  F.  Ferguson,  .1. 
Gibson,  J.  K.  Gibson,  G.  Goodwin,  J.  Gray, 
W.  L.  Hamilton,  J.  H.  Harris,  B.  J.  Hastings, 
Dr.  J.  McC.  Henderson,  S.  A.  Herbert,  C.  B. 
Hilliard,  J.  H.  Johnson,  T.  Johnson,  J.  Kennedy, 
11.  N.  Kotze,  G.  A.  Lawson,  H.  Lea,  J.  Pea, 
If.  Lindsay,  P,  MacCrcyor,  1'.  T.  Monishy, 
M.  T.  Murray,  S.  Newton,  F.  P.  Ogle,  ( '.  F. 
Parry,  D.  J.  Pepler,  J.  Pyles,  E.  T.  Rand,  W.  II. 
Roe,  0  I  >.  Ross,  A.  Salkinsou,  C.  0.  Schmitt, 
S.  B.  Schwabe,  P.  D.  Scotland,  W.  Sharp,  C.  B. 
Simpson,  J.  A.  Smith,  S.  H.  Steels,  P.  Stokes, 
W.  H.  Stout,  J.  B.  Sutton,  W.  A.  C.  Tayler, 
A.  Thomas,  J.  E.  Thomas,  J.  M.  Thorburn,  K. 
Tonnesen,  A.  D.  Yinev,  J.  F.  Walker,  J.  P. 
Ward,  P.  II.  Whyteand  L  J.  Wilmoth. 

26  Associates  and  Students:  Messrs.  A.  \\. 
Adams,  11.  II.  Chadwick,  D.  Col],  C.  W.  Craig, 
J.  Cronin,  I).  W.  Greig,  A.  \\.  B.  Bains,  G. 
Hawkins,  J.  W.  Hawkins,  \Y.  .1.  I!.  Bunter, 
R.  L.  Impey,  A.  King,  O  J.  McCaffrey,  \\. 
McMaster,  (!.  Musson,  J.  H.  Xeethling,  \V.  S. 
New,  N.  Newland,  F.  J.  Pooler,  A.  Scott,  II. 
Stadler,  J.  B.  Sutton,  A.  M.  Thomas,  C.  G. 
Thomas,  W.  G.  LTrquhart,  and  \V.  Waters. 


20  Visitors,  including  Messrs.  F.  W.  Harbord, 
A.  Cobbe,  J.  A.  Vaughan  (Chief  Inspector  of 
Machinery),  and  Fred.  Rowland,  Secretary. 

The  Chairman  :  I  regret  having  to  announce 
that  Dr.  Moir,  who  was  to  have  taken  the  chair 
to-night,  is  unable  to  be  present  owing  to  ill 
health. 

The  minutes  of  the  previous  meeting,  as 
printed  in  the  October  Journal,  were  continued. 

NEW    MEMBERS. 

Messrs.  J.  Littlejohn  and  S.  H.  Pearce  were 
appointed  scrutineers,  and  after  their  scrutiny 
of  the  ballot  papers,  the  Chairman  announced  that 
all  the  candidates  for  membership  had  been 
unanimously  elected,  as  follows  : — 
Coles,     William    Alison,     Ritanga     Syndicate, 

Dunraven  Mine,  Selukwe,  Southern   Rhodesia. 

Amalgamator. 
Mackenzie,    Angus    Campbell,    Simmer    Deep, 

Ltd.,  P.  O.  Box  178,  Germiston.     Mill  Foreman. 
Semple,  Clarence  Carleton,  ."">,  West  65th  St., 

New  York  City.     Mining  Engineer. 
Johnston,  Joseph  William,  Village  Deep,  Ltd., 

1'.  ( >.  Box  1145,  Johannesburg.     Mine  Captain. 
Leslie,      Hugh      Mackenzie,      A.Inst.M.M., 

M.Am.I.M.E.,  KolarGold  Field  Central   Metal 

lurgica]    Establishment,    Marikuppam,    Mysore 

State.     S.     India.      Consulting     Metallurgical 

Engineer.     {Transfer from  Associate  Roll.) 
Whaley,  William  Samuel,  Simmer  Deep,    Ltd., 

1'.  0.  Box  17s,  Germiston.     Amalgamator. 

The   Secretary  :      Since   the   last   meeting  of 

the  Society  the  following  have  been  admitted    l>y 

the  Council: — 
A.;  Associates. — 

Adendorff,  John,  12,  Pretoria  street,  Troyeville. 
Mechanical  Engineer. 

Clevenger,  G.  How  ii.i.,  381,  Hawthorne  Avenue, 
Palo  Alto.Cal.,  U.S.A.   Metallurgical  Engineer. 

Hawkins,  George,  Village  Main  Reef  G.  M.  *'<<.. 
Ltd.,  P.  0.  Box  1091,  Johannesburg.  Tube-miller. 

Hawkins,  J.  W.,  City  &  Suburban  G.  M.  Co.,  Ltd., 
P.  ().  Box  1026,  Johannesburg. 

[NNES,  John,  The  Observatory,  Johannesburg. 
Sampler.     (Transfer from  Student  Roll.) 

Mi  Master,  Richard,  Village  Main  ReefG.M.  Co., 
Ltd.,  P.  O.  Box  1091,  Johannesburg.  Amalga- 
mator. 
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NETTLE,  F.  P.,  Van  Ryn  G.  M.  Estates,  Ltd.,  P.  O. 
Box  22,  Benoni. 

NUTTALL,  T.  H.,  Van  Ryn  G.  M.  Estates,  Ltd., 
P.  O.  Box  22,  Benoni. 

Smith,  James  Houston,  Rose  Deep,  Ltd.,  P.  O. 
Box  6,  Germiston.     .Mine  Overseer. 

Wagner,  Percy  Albert,  Transvaal  University 
College,  P.  O.  Box  1176,  Johannesburg.  (Trans- 
fer from  Student  Roll.) 

As  Students.— 

ASHBURNER,  WlLLIAM  CouLTON,  Treasury- Gold 
Mines,  Ltd.,  Cleveland.     Cyanide  apprentice. 

Neethling,  John  Henoch,  Geldenhuia  Deep,  Ltd., 
P.  O.  Box  54,  Cleveland.     Cyanide  learner. 

Esplix,  Douglas  Gibson,  Simmer  Deep,  Ltd., 
P.  0.  Box  17s.  Germiston.     Mill  learner. 

General  Business. 

The  Chairman  :  I  have  much  pleasure  in 
welcoming  on  your  behalf  several  visitors  to  our 
meeting  this  evening.  We  are  fortunate  enough 
to  have  with  us  tonight  Mr.  F.  W.  Harbord,  the 
well-known  authority  on  steel,  and  author  of 
"  The  Metallurgy  of  Steel/'  Mr.  Harbord  is  also 
a  member  of  the  council  of  our  sister  society,  the 
Institution  of  Mining  and  Metallurgy,  and  with 
him  is  his  colleague,  Mr.  H.  X.  G.  Cobbe,  a  mining 
and  metallurgical  engineer  of  extensive  experience 
in  Australia  and  elsewhere.  We  all  trust  that 
the  valuable  advice  which  these  gentlemen  can 
give  the  Government  and  people  of  this  country 
upon  the  utilisation  of  its  iron  resources  will  be 
taken  full  advantage  of.  Our  friend,  Mr.  F.  L. 
Bosqui,  from  the  United  States,  is  also  with  us 
to-night,  as  a  member  of  our  Society.  Mr.  Bosqui 
has  just  completed  the  erection  of  a  large  reduc- 
tion plant  for  the  Goldfield  Consolidated  in 
Southern  Nevada,  which  is  working  with  excel- 
lent results.  "We  are  also  pleased  to  welcome 
Mr.  Robert  Allen,  the  well  known  author  of 
Westralian  metallurgical  practice,  who,  after 
many  years  metallurgical  experience  in  Kalgoorli 
and  Mexico,  has  come  to  the  Consolidated  Gold 
Fields  of  S.A.,  to  join  us  in  the  solution  of  our 
local  problems,  and  who,  I  am  sure,  will  be  a 
valuable  acquisition  to  our  Society  as  a  resident 
member. 

It  is  my  pleasure,  on  your  behalf,  to  offer  con- 
gratulations to  Mr.  W.  A.  Caldecott,  who  has 
been  awarded  "The  Consolidated  Gold  Fields  of 
South  Africa,  Ltd.,"  Cold  Medal  by  the  Institu- 
tion of  Mining  and  Metallurgy.  When  awarding 
this  medal  the  Council  of  The  Institution  of 
Mining  and  Metallurgy  passed  the  following 
resolution  :  — 

"  That  the  '  Consolidated  Gold  Fields  of  South 
Africa,  Ltd.,'  Gold  Medal  be  and  is  hereby 
awarded  to  William  Arthur  Caldecott,  in  recogni- 
tion of  his  work  in  the  investigation  of  methods 
of  reduction  and  treatment  of  gold  ores ;  and  of 
his  contributions  to  the  literature  on  the  subject." 


Mr.  Caldecott  is  one  of  the  original  foundation 
members  of  our  Society,  and  as  an  ordinary 
member,  member  of  council,  president,  and  past- 
president,  has  always  done  more  than  his  share 
of  the  work  of  the  Society,  and  he  continues  to 
do  so,  not  only  by  his  valuable  contributions  but 
also  by  his  work  on  the  council. 

Mr.  Caldecott  has  done  a  great  deal  of  original 
work  and  investigation  in  the  recovery  of  gold 
and  silver  from  their  ores,  and  generally  gives 
the  mining  and  metallurgical  public  the  results 
of  his  knowledge,  as  the  pages  of  our  Journal, 
those  of  other  technical  societies,  and  the  mining 
press  of  the  world,  show. 

I  can  safely  say  that  we  think  the  award  is 
well  earned  and  a  recognition  of  knowledge  and 
ability,  which  we  who  know  him  appreciate. 

Mr.  R.  G.  Bevington  (Past-President):  I 
think,  Mr.  Vice-President,  your  words  are  very 
few  and  that  they  might  be  supplemented  by  a 
few  more  from  one  who  has  known  Mr.  Caldecott 
from  his  earliest  days  on  these  fields,  and  who 
holds  him  in  the  greatest  respect  and  esteem. 
Mr.  Caldecott's  work  has  always  been  most 
thorough,  and  I  think  the  honour  which  has  been 
shown  him  by  the  Institute  of  Mining  and  Metal- 
lurgy has  been  most  worthily  earned.  I  think 
also  that  considering  Mr.  Caldecott  is  one  of  our 
members — one  of  our  oldest  members  and  one  of 
our  Past-Presidents,  our  Society  must  also  feel 
honoured  in  one  of  its  members  having  received 
that  distinguished  honour. 

Mr.  W.  A.  Caldecott  (Past-President):  Mr. 
Chairman,  I  greatly  appreciate  the  remarks  which 
yourself  and  Mr.  Bevington  have  been  good 
enough  to  make,  and  the  kind  way  in  which  they 
have  been  received  by  members  present  this  even- 
ing. As  a  South  African  and  a  member  of 
this  Society,  the  award  which  the  Institution  of 
Mining  and  Metallurgy  has  seen  fit  to  make  is 
a  source  of  great  gratification  to  me,  and  a  fresh 
evidence  of  the  liberal  spirit  and  world-wide 
scope  of  our  sister  institution. 

SOME    EXPERIMENTS    ON    SMELTIXC 
TITAXIFEROUS  IRON  ORE. 


Part  I. — Crucible  Experiments. 


By  Prof.  G.  H.  Stanley  (Member  of  Council). 

As  is  well  known,  there  exist  in  many  parts 
of  the  world  immense  deposits  of  titaniferous 
iron  ore,  many  of  them  well  situated  for  smelting 
purposes,  but  of  which,  as  a  source  of  iron,  no 
use  is  made  at  present.  It  is,  however,  a  fact, 
that  we  are  within  measurable  distance  of  the 
exhaustion  of  other  ores,  recent  calculations  hav- 
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ing  placed  the  available  amount  from  known 
deposits  at  only  sufficient  to  meet  the  demand  for 
the  next  sixty  or  seventy  years,  and  scarcity  will 
undoubtedly  be  felt  long  before  then.  In  the 
Transvaal,  notably,  deposits  of  such  ore  occur  in 
quantity,  but  in  common  with  other  ores  of  like 
character  are  generally  looked  upon  as  valueless 
on  account  of  the  high  percentage  of  titanium 
they  contain. 

We  have  other  ores,  of  course,  but  the  majority 
as  far  as  my  experience  goes,  are  very  silicious 
and  not  to  be  considered  as  of  good  quality, 
though  sometimes  good  enough  to  smelt  under 
oversea  conditions  ;  I  am  informed,  however,  that 
excellent  ores  occur  in  certain  places,  often  unfor- 
tunately far  from  a  railway.  Still,  it  seemed 
worth  while  making  some  investigations  with  the 
object  of  determining,  if  possible,  a  valid  reason 
for  the  extreme  disfavour  with  which  titaniferous 
ores  are  looked  upon  by  iron  masters,  for  although 
laboratory  experiments  cannot  approximate  very 
closely  to  actual  p  actice,  yet  valuable  informa- 
tion can  be  gained  with  regard  to  many  points 
likely  to  give  trouble,  and  curiously  enough,  it  is 
difficult  to  find  in  technical  literature  very 
definite  causes  for  the  non-use  of  this  class  of 
ore,  and  there  is  marked  difference  of  opinion 
apparent  among  experts. 

Beyond  statements,  unsupported  bymy  personal 
experience,  that  the  ore  is  very  difficult  to  reduce 
on  account  of  the  formation  of  pasty  and  infusible 
slags,  or  of  bears  in  the  hearth,  more  or  less  due 
to  the  formation  of  cyanonitride  of  titanium  or 
of  other  infusible  titanium  compounds,  no  reasons 
are  given,  though  nearly  all  text  books  state  in 
one  way  or  another  that  titaniferous  ores  are 
refractory  and  incapable  of  being  commercially 
smelted  in  the  blast  furnace.  It  has  been  demon 
strated  that  these  ores  can  be  smelted  electrically 
to  produce  good  pig  iron,  but  the  electrical 
smelting  even  of  first  class  ores  can  scarcely  he 
considered  as  beyond  the  experimental  stage  yet, 
and  in  any  case,  cannot  under  usual  conditions, 
compete  with  ordinary  blast  furnace  smelting.  It 
IS  only  where  water  power  is  available  and  suit- 
al  ilc  fuel  dear  that  it  appears  to  have  a  field  for 
this  purpose. 

It  is  stated  that  for  each  ton  of  iron  smelted 
electrically  something  like  "3  E.H.P.  year  is 
required,  and  about  one-third  of  a  ton  of  carbon  a 
ceous  material,  such  as  coke  or  charcoal,  which 
need  not  be  of  first  quality.  In  the  blasl  furnace 
from  1  ton  to  1 .',  tons  of  coke — the  usual  fuel 
is  required  per  ton  of  iron  produced.  This 
relates  only  to  the  cost  of  heat  and  reducing 
material  in  the  two  cases,  and  assuming  other 
charges  to  be  the  same)  which  is  by  no  means  the 
case,  the  advantage  for  large  outputs  lying  with 
the  blast  furnace) ;    comparisons  in  this  respect 


can  be  readily  made,  but  in  most  cases  where  it 
is  proposed  to  smelt  iron  ores,  it  is  very  necessary 
to  demonstrate  the  impossibility  of  doing  so  in 
blast  furnaces  before  resorting  to  electrical 
methods.  It  must  be  remembered  too  that  con 
tracts  for  electrical  power  for  smelting  purposes 
have  been  made  in  Europe  at  a  figure  approximat- 
ing to  £1  10s.  per  E.H.P.  year,  and  in  at  least 
one  case  the  cost  is  stated  to  be  even  less  than  £1. 

Estimates  based  on  such  figures  show  less  cost 
as  compared  with  blast  furnaces  using  coke  at 
ordinary  prices,  but  leaving  coke  out  of  the 
question  for  the  moment,  the  question  before  the 
advocates  of  electric  smelting  in  any  instance 
would  appear  to  be,  "can  electrical  power  be 
generated  here  and  supplied  to  us  at  a  sufficiently 
low  price  to  enable  us  to  compete  with  other  pro- 
ducers obtaining  their  power  at  the  rates 
mentioned  .' " 

With  regard  to  coke  smelting  in  South  Africa, 
in  Natal  there  is  coal,  which  from  the  result  of 
my  own  examinations  I  may  say  is  capable  of 
producing  coke,  wdiich  while  not  perhaps  of  first 
class  quality,  is  quite  equal  to  that  used  in 
certain  iron  smelting  districts ;  and  from  a 
Transvaal  colliery  I  have  received  a  sample,  said 
to  represent  a  9-ft.  seam,  which  also  made  quite 
a  good  coke,  containing  only  9  7  ash.  I  there- 
fore think  that  if  coke  smelting  were  demon- 
strated to  be  feasible,  a  supply  of  coke  could  be 
relied  upon.  This,  however,  is  only  of  local  bear- 
ing, and  in  many  other  places  the  coke  supply  is 
assured,  while  cheap  electrical  power,  i.e.,  at  any- 
thing like  the  figures  previously  quoted,  is  out  of 
the  question  ;  and  assuming  that  the  fluxing  of 
the  titanium  is  the  main  difficulty,  this  would 
arise  almost  as  much  with  electrical  as  with  blast 
furnace  smelting,  though  trouble  might  conceiv 
ably  he  minimised  in  the  former  case  by  the 
higher  temperatures  attainable.  Consequently, 
any  results  obtained  seemed  likely  to  be  of  more 
than  local  interest. 

Although  the  feeling  of  dislike  of  these  ores  is 
so  widely  held,  it  has  Keen  pointed  out  on  more 
than  one  occasion  that  this  is  scarcely  justified, 
except  in  cases  where  the  proportion  of  titanium 

bigh,  that,  were  it  any  Other    waste    matter. 

it  w  ml« I  lie  equally  objectionable  from  the  point 
of  view  of  the  expense  of  the  extra  fluxes  and 

fuel  required. 

For  instance,  at  NTorton-on  Tyne,  England, 
Norwegian  titaniferous  ores  containing  approxi- 
mately I"  Tin,  were  regularly  smelted  for 
several  years  between  1869-1876,  though  this 
percentage  of  titanium  was  so  hi.urh  as  to  render 

them  comparatively  [ r  in  iron   and   hence,  pre 

Bumably,  barely  profitable.  In  Sweden  also 
similar  results  were  obtained.  Again,  in  the 
Adirondacks,  in  the  l.'.S.A.,  similar  ores,  though 
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not  so  high  in  titanium,  were  smelted  in  small 
furnaces  for  eight  years  (1848-1856),  commercial 
reasons  again  causing  the  cessation  of  operation.' . 
Of  late  years  Mr.  A.  J.  Rossi,  in  the  U.S.A.,  has 
devoted  considerable  time  and  energy  to  the 
problem  of  smelting  these  ores,  and*  although  he 
satisfactorily  demonstrates  the  technical  feasibility 
of  such  smelting  he  appears  to  be  almost  alone  ; 
and  I  am  not  aware  that  any  extensive  utilisation 
is  made  of  them,  at  least  as  a  source  of  pig  iron. 

It  is  noteworthy,  however,  that  in  the  discus- 
sion on  his  papers,  general  objections  were  urged 
to  the  employment  of  such  ores,  and  it  was  stated 
although  without  giving  very  definite  reasons  or 
specific  cases,  that  quite  small  quantities  of  Ti02 
were  almost  as  injurious  as  large  and  as  certain 
to  produce  trouble  sooner  or  later.  On  the  other 
hand,  it  was  stated  that  many  works  were  smelt- 
ing ores  containing  titanium,  in  which  it  was 
never  determined  but  obtained  with  silica  in  the 
analysis,  and  in  at  least  one  case  a  certain  works 
had  been  smelting  an  ore  containing  5%  Ti02  for 
some  years  without  knowing  it.  It  appears 
obvious  therefore  that  there  are  two  sides  to  the 
question,  and  more  light  on  the  problem  would 
be  useful. 

Briefly,  Eossi's  results  showed  that  slags  con- 
taining heavy  percentages  of  titanium  could  be 
made  easily  and  perfectly  fusible,  by  working  on 
the  supposed  analogy  between  silicates  and 
titanates  as  regards  the  more  easy  fusibility  of 
mixed  than  single  silicates. 

He  figured  the  titanium  present  as  TiO.,  and 
considered  it  as  an  acid  like  silica,  so  that  the 
slags  which  he  demonstrated  to  be  fusible 
appeared  to  be  of  very  acid  character,  mixed 
silico-titanates  of  lime,  aluminium,  and  magne- 
sium in  fact. 

For  my  experiments,  the  ore  used  was  kindly 
obtained  by  Mr.  Kotze,  Government  Mining 
Engineer,  from  Onderstepoort,  and  the  analysis 
was  as  follows  : — 

Per  cent. 

Silica,  SiO,     ...  ...       0-80 

Titanium  dioxide,  Ti02  ...      15"20 
Aluminium  and  chromium 

oxides,  A1003  and  Cr.,03       3  51 
032 


Lime,  CaO 

Iron  oxide,  Fe.,0„ 


81-43 


Equivalent  to  metallic  iron  57 '00%. 
This  totals  up  to  10F26  but  some  of  the  iron 
is  present  as  magnetic  oxide,  Fe304,  and  as  is 
noted  later,  the  state  of  oxidation  of  the  titanium 
is  open  t  >  question.  It  contained  merely  a  trace 
of  phosphorus  and  only  '11%  sulphur. 

The  first  experiment  (No.  0)  with  the  ore  it- 
self, was  made  in  the  hope  of  producing  a  slag  of 
roughly    the    average    composition    of    those   in- 


stanced by  Rossi  in  his  paper  of  1902*  (which  at 
that  time  was  the  only  one  I  had  read)  as  having 
been  produced  in  practice.  Clean  silver  sand 
was  used  to  supply  the  silica,  and  marble  the 
lime.  The  furnace  employed  was  a  Deville, 
intended  tor  retort  carbon  and  worked  by  forced 
lira ught.  The  charge  was  heated  in  a  clay  pot  to 
between  1,400  and  1,500"  Centigrade,  Seger 
cones  being  used  to  indicate  the  temperature.  On 
subsequent  examination  it  was  found  that,  the 
slag  had  been  too  pasty  to  allow  of  the  collection 
of  the  iron,  which  a  polished  section,  examined 
under  the  microscope,  showed  to  be  pure  and  in 
the  form  of  grains  scattered  through  the  slag,  as 
shown  in    Fig.  I.     The   dark   looking  grains  are 


Fig.  I.—  x  400  V. 

the  iron,  and  the  slag  shows  a  very  interesting 
structure,  quite  large  crystals  of  a  light  coloured 
constituent  being  apparent.  In  the  next  experi- 
ment (1)  the  charge  was  modified  to  produce  a 
slag  of  the  CaO,  SiO._„  TiO.,,  type  (sphene).  This 
was  heated  to  1,530°  C,  and  fused  well,  yielding 
a  black  slag  and  a  button  of  metal  which  micro- 
graphically  proved  to  be  medium-high  carbon 
steel,  Fig.  II.,  the  yield  being  39'5%. 

In  experiment  (2)  the  proportion  of  carbon 
was  increased  in  the  hope  of  reducing  more  iron 
and  increasing  its  carbon  content  ;  graphite  cru- 
cibles were  also  employed  in  this  and  subsequent 
experiments,  except  where  otherwise  stated.  The 
proportions  of  fluxes  were  also  adjusted  to  give 
equal  proportions  of  CaO,  TiO.,,  and  Si02  in  the 
slag.  The  result  was  poor,  the  iron,  though  in 
globules,  being  largely  held  up  in  the  slag, 
though  heated  to  the  same  temperature  as 
before. 

"The  Metallurgy   of  Titanium,"  read  before  the  American 
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Fig.  II. 


1,000  V. 


Experiment  .(3)  was  then  made  with  the  pro 
portions  the  same  as  in  (1),  except  that  carbon 
was  increased ;  the  result,  however,  was  much 
the  same,  some  excess  carbon  remaining  witli  the 
slag',  which  was  pasty,  and  the  iron  in  conse 
quence  not  so  well  collected.  Up  to  this  point 
coke  had  been  used  in  the  furnace  ;  retort  carbon 
was  substituted  for  this  in  the  next  experiments 
in  order  both  to  obtain  a  higher  temperature  ami 
to  allow  of  the  temperature  being  maintained  lor 
a  longer  time,  and  except  with  (5),  which  was  a 
repetition  of  (2),  the  mixtures  were  made  more 
basic.  Experiments  (4),  (5),  ((i)  and  (7)  were 
all  heated  to  above  1,600°  in  the  furnace  at  the 
same  time,  the  Seger  cone  and  a  clay  crucible 
which  contained  it  being  melted  to  a  shapeless 
lump.  In  each  case  the  slag  escaped  through 
the  crucible,  leaving  buttons  of  grey  iron  varying 
from  I -■"  to  52*5%  of  the  ore  taken.  The 
proportions  of  Si02,  Ti()„  and  CaO  are  shown  in 
the  appended  table,  but  experiment  (7)  was  a 
repetition  of  (6),  except  thai  lime  and  magnesia 
was  substituted  for  lime  alone  by  using  local 
dolomite  as  a  flux.  This  was  the  mixture  which 
yielded  the  highesl  recovery  of  iron.  Thisseemed 
to  indicate  thai    the   more   basic  mixtures  made 

the  best  slags  so  far  as  iron  yield  was  concerned, 
but  of  such  a  nature  that  the  crucible  was  readily 
attacked.  The  higher  temperature  employed 
was  doubtless  an  important  factor  also.  These 
results  therefore  could  not  be  considered   conclu 

sive,  except  that  they  showed  that  slags  Could  be 

quite  fusible,  although  containing  high  propor 
lions  of  titanium,  ami  consequently  it  was 
decided  to  examine  nexl  the  fusibility  or  other 
wise  of  various  ideal  mixtures  containing 
titanium  oxide,  and    for    this    purpose  some  Ti02 


was  prepared  from  the  ore  itself.  The  various 
mixtures  examined  were  prepared  from  this  by 
mixing  with  [aire  precipitated  silica  and  lime, 
and  heated  in  platinum  crucibles,  embedded  in 
magnesia  inside  clay  crucibles  in  the  Deville 
furnace,  temperatures  being  now  determined  by 
a  thermo-couple  pyrometer.  The  first  propor 
tion  tried,  experiment  (a),  was  that  representing 
the  composition  of  the  mineral  sphene,  ('.•■<). 
TiO.,.  SiO.,,  known  to  be  fusible  at  furnace  tem- 
peratures. This  was  heated  to  1,100  C.,  and 
after  removal  found  to  have  been  perfectly  fused, 
resulting  in  a  medium  brown  sub-translucent 
glass.  Experiment  (A)  was  on  a  mixture  con 
tabling  equal  parts  of  CaO,  SiO,  and  TiO.,,  and 
also  fused  well  at  1,400°,  but  on  cooling  exhibited 
light  spots  indicating  segregation  of  some  con- 
stituent. In  experiment  (c)  the  total  proportion 
of  SiO.,  (taking  into  account  that  in  the  dolo- 
mite), was  reduced  to  ■'.)  of  the  TiO. „  and  instead 
of  lime,  dolomite  was  employed  for  the  base,  suf 
ficient  being  taken  to  yield  CaO  and  MgO 
equivalent  to  1-65  parts  CaO.  This  was  evi- 
dently less  fusible,  and  the  segregation  much 
more  pronounced.  In  experiment  (</)  silica  was 
increased  again  to  equal  the  Ti02,  and  mixed 
with  16  lime.  This  fused  imperfectly  at  1,400°. 
In  experiment  (e)  the  mixture  was  made  up  in 
the  same  proportions  as  in  (a),  but  using  dolo 
mite  to  replace  part  of  the  CaO  by  MgO.  This 
fused  well,  and  appeared  to  be  similar  to  (a). 
Experiment  (,/).-  -In  this  lime  was  omitted  alto- 
gether, and  the  Ti02  and  Si(),  mixed  according 
to  the  formula  TiO.,.  SiO.,.  This  mixture. 
instead  of  being  heated  in  the  Deville  furnace  at 
first,  was  heated  to  1,350°.  the  highest  attainable 
temperature  in  a  gas  tired  blast  furnace.  It  did 
not  fuse,  but  was  strongly  fritted.  <  >n  subsc 
quent  heating  to  1,100  in  the  Deville  furnace  it 
fused  to  a  dark  mass.  Experiment  (<j) :  this 
time    silica    was    omitted,    and    CaO     and    Ti<  > . 

mixed  ac 'ding  to  the  formula  CaO.  'I'd  V.    This 

fritted  slightly  at  the  same  temperatures.  Ex- 
periment (h)  consisted  in  heating  Ti(  >.,  alone  in 
the  Deville  furnace  to  1,400°,  when  it  melted 
imperfectly  to  a  black  mass.  These  results 
seemed  to  indicate  thai  the  titanium  oxide 
behaved  as  a  base  quite  as  probably  as  that  it 
acted  as  an  acid,  but  at  any  rate  they  proved 
thai  tin'  compound  CaO.  Ti02.  Sit),  was  the 
most  satisfactory  of  those  examined.  The  nexl 
experiment  (No.  I.)  was  therefore  made  with 
larger  quantities  of  materials,  using  dolomite  for 
base,  proportioned  to  yield   the  slag   CaO.  Ti02. 

si<  i  „  and  heated  iii  a  clay  crucible  to  Id''11"  . 
This  resulted    in    the    production    of   a    button  of 

steel    weighing  only   30      of  tl re.   the    slag 

having  run   through    the  ciucible.     Experimenl 

(No.     I.   ,,)   wis   a    repetition    of   this,    except     that    a 
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graphite  crucible  was  used  instead.  The  button 
of  iron  obtained  was  gray,  and  weighed  41  -2% 
of  the  ore,  but  the  slag  had  again  escaped.  This 
seemed  to  indicate  that  the  slag  was  very  basic 
in  its  behaviour,  although  from  its  composition, 
reckoning  TiO.,  as  an  acid,  it  should  have  been 
acid.  Therefore  in  Experiment  (II.),  to  prevent 
so  vigorous  an  attack  on  the  crucible,  the  pro- 
portion of  Si00  was  increased,  the  proportion 
TiO,  :  SiO,  :  CaO  (MgO)  :  :  34  :  41  :  25,  and 
the  crucible,  of  graphite,  was  only  heated  to 
1,400°  The  result  was  a  button  of  mottled  iron 
weighing  52*4%  and  a  glassy  black  slag  which 
was  poured  off.  This  slag  was  analysed,  and 
found  to  contain  Ti02  19-5%,  Si02  37"5%,  CaO 
11-5%,  MgO  6  3%,  A1208  12-5%,  and  FeO 
11*5%.  Neglecting  the  oxides  of  iron  and  alu- 
minium, the  proportion  of  Ti02  :  Si02  :  CaO 
(MgO)  were  as  26  :  49  :  23,  indicating  that 
again  the  crucible  had  been  attacked.  There- 
fore, in  the  next  charge,  Experiment  (III.),  the 
proportion  of  silica  was  still  further  increased,  to 
preserving  the  same  order  as  before,  to  31  :  46  :  23, 
and  more  carbon  introduced  with  the  object  of 
trying  to  reduce  more  silicon  and  so  render  the 
iron  gray.  The  temperature  employed  was 
1,400°,  as  before.  This  was  not  quite  so  suc- 
cessful, the  button  of  iron  being  white  and 
weighing  50%,  but  the  slag  was  still  well  fused, 
though  not  quite  so  glassy  as  in  (II.)  Its 
analysis  was:  Ti02  23*0%,  Si02  39-0%,  CaO 
10-0%,  MgO  4-5%;  A1203  8-5%;  FeO  10-9%, 
showing  that  the  attack  on  the  crucible  was 
practically  stopped.  Experiment  (IV.)  was 
another  trial  of  a  more  basic  slag  at  this  temper- 
ature, to  see  whether,  although  attacking  the 
crucible,  the  yield  of  iron  might  not  be  im- 
proved, since  it  was  thought  that  the  high  silica 
content  might  be  keeping  iron  in  the  slag.  The 
proportions  used  were  37  :  37  :  26 ;  the  iron 
obtained  was  of  the  same  kind  and  weight  as  in 
(III.),  but  the  slag  was  not  very  satisfactory,  being 
rather  pasty.  It  was  not  analysed.  Experiment 
{V.)  was  similar,  except  that  the  proportion  of 
silica  was  slightly  increased,  the  amounts  being 
36  :  38  :  26.  The  temperature  was  probably 
rather  higher  than  with  (IV.),  but  was  not  deter- 
mined on  account  of  the  pyrometer  protecting 
tube  having  been  accidentally  broken.  The 
button  of  iron  obtained,  which  was  white, 
weighed  46'8%,  the  slag  being  fairly  well  fused, 
but  holding  beads  of  iron.  Experiment  (VI.)  was 
an  attempt  to  make  an  acid  slag  and  gray  iron, 
by  slightly  increasing  silica  and  cutting  down 
lime  considerably.  Part  of  the  slag,  however, 
escaped  through  the  pot,  leaving  a  pasty  mass 
behind,  also  a  button  of  iron  weighing  44%. 
Experiment  (VI. a)  was  a  repetition  which  behaved 
exactly   in    the    same    manner,    though    leaving 


44'8%  iron.  The  pasty  mass  was  analysed,  and 
found  to  consist  of  32  8%  TiO.,,  34"2%  Si02 
5'6%  lime,  and  by  difference,  23%  of  iron  oxide, 
magnesia  and  alumina.  In  Experiment  (VII.), 
while  the  lime  was  kept  as  in  (VI.),  the  silica  was 
reduced  to  less  than  the  TiO.,.  This,  using  coke  as 
fuel,  was  only  pasty  at  1,300°,  but  on  reheating 
to  1,400°,  using  retort  carbon  again,  it  melted. 
In  (Vl'I.a),  therefore,  this  charge  was  repeated, 
and  yielded  46%  of  iron  and  a  well  melted  slag. 

By  this  time  it  appeared  certain  that  titanium 
oxide  always  acted  as  a  base,  and  assuming  this 
to  be  so,  the  most  satisfactory  slags  were  not  far 
removed  from  being  monosilicates  of  titanium 
and  the  other  bases,  excess  silica  in  the  charge 
having  been  brought  down  to  this  level  by  keep- 
ing up  some  iron  oxide,  etc.  So  far,  although 
the  charges  had  in  most  cases  been  heated  to 
fairly  definite  temperatures,  it  had  only  been 
possible  to  observe  whether  the  charge  had 
melted  or  not  at  those  temperatures,  and  the 
next  experiments  were  directed  towards  determ- 
ining the  melting  points  of  the  compounds 
formed.  The  method  employed,  which  I  believe 
is  novel,  was  developed  ultimately  on  account  of 
the  difficulty  of  obtaining  arrest  [mints  in  cooling 
with  such  small  quantities,  and  consisted  simply 
in  fusing  the  mass  in  a  platinum  crucible  in  a 
gas  blast  furnace,  inserting  the  bare  couple  wires 
and  allowing  to  solidify.  Matters  were  then  so 
arranged  that  the  crucible  and  contents  were  sus- 
pended from  the  couple  wires  inside  the  furnace 
in  such  a  position  that  they  could  be  seen.  The 
temperature  was  then  raised  again,  observing  the 
galvanometer  deflections  continuously,  till  the 
crucible,  owing  to  the  slag  melting,  suddenly 
dropped  off,  and  this  point  was  taken  as  the 
melting  point.  Whether  this  point  would  agree 
with  that  obtained  by  a  cooling  curve  method  I 
have  had  as  yet,  no  opportunity  of  testing,  but  it 
certainly  appears  to  give  very  nearly  the  temper- 
ature at  which  the  slag  liquifies,  and  that,  after 
all,  is  the  important  point  in  the  present  connec- 
tion, and  further,  the  determination  is  quite 
simple,  and  when  the  apparatus  is  set  up  can  be 
made  in  a  few  minutes. 

The  artificial  slag  (a)  was  first  examined  and 
melted  off  at  about  1,150°  C.  ;  on  repeating  this 
determination,  however,  it  dropped  off  at  a  con- 
siderably lower  temperature,  and  twro  or  three 
repetitions  led  to  similar  discordant  results.  In 
seeking  for  an  explanation,  it  was  noticed  that 
the  colour  of  the  slag,  when  cold,  varied  con- 
siderably between  almost  white  and  a  deep 
brown,  accompanied  by  a  stony  fracture  when 
white  and  a  glassy  fracture  when  brown,  in 
different  experiments.  A  little  investigation 
soon  showed  that  the  dark  colour  was  the  result 
of  heating  in   a  reducing  atmosphere,   and    that 
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this  was  accompanied  by  a  lowering  of  the  melt- 
ing point.  After  this  it  was  easy,  by  prolonged 
heating  in  a  reducing  atmosphere,  to  lower  the 
melting  point  to  1,000°,  while  reoxidation  raised 
it  to  1,250°.  and  this  was  confirmed  several  times. 
Now  it  seemed  that  the  only  reducible  body 
present  was  TiOo,  unless  that  used  and  supposed 
to  be  pure  was  considerably  contaminated 
with  iron  oxide.  The  iron  in  this  slag  was 
therefore  determined,  and  found  to  be  present 
to  the  extent  of  1"25%  only,  which  T  do  not 
think  is  nearly  sufficient  to  account  for  the 
results  obtained.  It  seems  certain  then  that 
titanium  may  exist  in  slags  in  different  states 
of  oxidation,  and  this  is  apparently  the  ex- 
planation of  a  good  many  peculiar  results  previ- 
ously obtained.  In  a  blast  furnace  slag,  naturally 
formed  under  strong  reducing  conditions — it 
most  probably  does  not  exist  as  Ti().„  but  more 
probably,  or  to  a  large  extent,  as  a  lower  oxidised 
compound  which  acts  as  a  base,  and  is,  besides, 
mere  fusible  itself  than  TiO.>,  since  Ti02  fused  in 
a  former  experiment  on  heating  in  the  reducing 
atmosphere  of  the  Deville  furnace.  Slag  (/>), 
though  less  fusible,  behaved  quite  similarly  ; 
thus,  at  the  first  attempt  it  fused  at  1,350  , 
while  after  oxidation  it  would  not  fuse  at  1,400°, 
at  which  temperature  it  had  been  prepared  ; 
strong  reduction  lowered  it  to  1,140°  ;  (r)  exam- 
ined similarly  melted  under  ordinary  conditions 
at  1,396°,  and  after  reduction  (probably  partial, 
as  it  was  done  hurriedly)  at  1,360°,  at  which  it 
was  allowed  to  rest  and  not  examined  further. 
Reference  to  the  diagram  shows  that  this  con- 
tained very  high  lime,  i.e.,  too  basic  in  character, 
but  if  Ti02  were  present  and  acting  as  an  acid  it 
might  have  been  expected  to  be  more  easily 
fusible. 

The  next  point  for  consideration  was  the  com- 
position of  this  lower  oxide  ;  does  it  exist  as  TiO 
or  Ti. ,();i?  Here,  I  confess,  I  have  reached  no 
conclusion,  but  think  it  is  most  probably  Ti. ,(),,. 
Rose,  according  to  tloscoe  and  Schorlemmer, 
states  that  in  ilmenite  the  iron  is  present  as 
Ke.,(  )„  and  the  titanium  as  Ti208,  not  TiO.,.  The 
isomorphism  of  ilmenite  and  haematite  and  the 
fact  that  when  dissolved  in  acid  a  violet  colour 
may  be  obtained,  lending  support  to  this  view, 
which  in  fact  is  widely  accepted.  it  is  further 
stated  to  be  very  difficult  to  reduce  as  far  as  Ti<  >, 
though  Ti„( )..  may  be  produced  by  heating  TiO., 
in  hydrogen,  and  on  dissolving  in  acid  gives  this 
characteristic  coloured  solution.  Now  if  a  lower 
oxide  is  formed,  a  loss  of  weight  should  occur  on 
reduction  and  a  gain  on  oxidation  ;  this  1  have 
proved  experimentally,  though  so  far  it  has  nol 
been  possible  to  do  so  very  exactly,  and  the  gains 
and  losses  observed  have  certainly  been  less  than 
should  occur  on  complete  conversion  from  TiOa 


to  TioOy,  and  vice  versa,  though  much  more  than 
would  be  required  by  the  small  amount  of  iron 
found  to  be  present.  Further,  on  treating 
samples  of  these  reduced  ideal  slags  with  strong 
sulphuric  acid  and  allowing  to  stand,  a  violet 
colouration  was  distinctly  noted  in  the  solution, 
which  persisted  on  dilution,  and  was  destroyed 
by  addition  of  oxidising  agents  such  as  nitric 
acid.  Some  of  the  slags  from  the  iron  ore  itself 
also  afforded  evidence  of  the  same  effect,  though 
considerably  masked  by  the  iron  present. 

A  reference  to  the  analyses  of  earlier  succesful 
slags  (II)  and  (III.)  shows  that  reckoning  the 
titanium  as  Ti.,03  and  a  base,  the  oxygen  ratios 
in  base  and  acid  are  almost  unity,  being  practic- 
ally 1  :  1  in  (II.)  and  1  :  IT  in  (III.), i.e.,  they  are 
monosilicates  (or,  according  to  Rossi's  classifica- 
tion, bi-basic)  with  a  slight  excess  of  silica.  To 
test  this  point  further  a  small  charge  was 
made  up  (i)  to  produce  2TiO,  SiO.,  and  heated  in 
a  platinum  crucible  as  before  ;  this  was  imper- 
fectly fused,  and  it  seems  very  unlikely  that  TiO 
is  produced.  On  the  other  hand,  the  (/)  experi- 
ment instead  of  giving  TiO.,,  SiO.,  was  probably, 
at  least  in  part,  Ti.,03,  SiO.,  and  had  fused  An 
attempt  was  next  made  to  form  in  experiment 
(J)  a  bisilicate  Ti203,  3SiO.„  this,  however, 
destroyed  the  platinum  crucible,  the  bottom  hav- 
ing been  mostly  melted  out,  and  part  of  the  slag 
run  into  the  magnesia  leaving  a  porous  mass 
behind.  The  cause  of  this  was  most  probably 
that  the  conditions  had  been  so  reducing  that 
some  silicon  was  reduced  and  combined  with  the 
platinum,  but  for  want  of  time  this  has  not  been 
proved.  Not  caring  to  risk  another  crucible  of 
platinum  just  then,  I  reverted  to  the  ore  charges 
in  graphite  pots. 

In  Experiment  (VIII.)  the  charge  was  propor- 
tioned to  yield  a  slag  3CaO,  Ti. ,()..,  3Si02.  This 
fused  well,  giving  a  good  glassy  slag,  rather  vesi- 
cular at  the  top  and  yielded  51-5%  iron.  The 
fuel  was  coke,  and  as  the  temperature  obtained 
was  not  considered  satisfactory  (the  pyrometer  '•( 
this  furnace  being  still  out  of  order),  Experiment 
(Yllhf.)  was  made  with  the  same  proportions,  but 
using  retort  carbon  as  fuel.  This  charge  was 
accidentally  spilt  while  pouring,  but  nevertheless 
50'4  of  iron  was  obtained,  accompanied  by  a 
good  slag.  This  was  felt  to  be  sufficiently  en 
couraging  to  justify  a  repetition,  and  in  Experi- 
ment (Villi.)  52*4  of  iron  was  recovered,  bul 
part  of  the  slag  escaped  by  boiling  over.  To 
test  whether  this  might  not  have  been  due  to 
reaction  occurring  with  the  graphite  ol  the  pot, 
two  attempts  were  made  in  clay  pots  which  un- 
fortunately resulted  in  melting  everything,  pots 
and  lids  included.  Smaller  charges  being  taken. 
A  third  trial  was  then  made,  (VI  lb.)  controlled 
with  a  pyrometer  again,  and  the  crucible  kept    at 
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1,200   only  :  a  well  fused  slag  was  obtained  but 
at  the  expense  of  a  low  yield  of  iron.     The  dolo 
mite  was  by  this  time  exhausted  so  that  equiva- 
lent lime  was  intended  to  have  been  substituted 
in  this  charge,  but  inadvertentLy  limestone  was 
weighed  out  instead,  and  consequently  the  lime 
proportion    was   lower   than   was    intended,    thus 
rendering  the  slay  acid.     Still,  as  this  charge  had 
fused,  a    small  charge  of  the  same  kind,  (VI 1 1'/), 
was  tried  again  in  the  same  sized  graphite  pot  as 
before,  hoping  to  thus  prevent  any  loss  by  boiling 
over   and   allowing    a    higher    temperature    than 
with    the  clay  pot.      This   was  heated  to  1,500  , 
and    the   slag  was    more    vesicular   but  the  iron 
yield  increased    to  48 '5    .     (VHIe.)  was  another 
trial  with  the  same  proportions  as  in  (VIII.),  but 
using  smaller  quantities,  and  lime  again  instead 
of   dolomite,  tin'   slag  was  well  fused  and  liquid, 
and  although  some  iron  was  lost  during  pouring 
the  remainder  "weighed  42    .     The  iron  from  all 
these  latter  trials  had  been  white,  so  in  the  last 
Experiment,  (IX.),  a  more  acid  mixture  was  tried 
again,  strongly  heated  and  the  melt  allowed  to  cool 
in  the  crucible.      The  slag  appeared  to  have  been 
well  melted,  and  the  iron,  which  was  grey,  weighed 
48     .     Both  were  easily  detached  from  the  interior 
of  the  crucible  and  left  it  ready  for  use  again. 
Both  these  last  slags  were  magnetted  after  crushing 
and  found  to  contain    a  considerable  amount  of 
finely  divided  iron,  (VIII.)  more  so  than  (IX.),  the 
fusions   having   been   made   rather  hurriedly  and 
possibly  insulticieiit  time  allowed  for  it  to  settle 
out  of  the  slag  ;  the  analyses  also  show  high  pro- 
portions of  ferrous  oxide.      Last  of  all,  in  Experi- 
ment (/.-)  a  mixture  of  the  pure  materials  in  the 
proportion  3CaO,  Ti903,  3SiO.„  was  made  up  and 
heated    in    a    platinum   crucible  under  reducing 
conditions  in  a  gas  blast  furnace  to   1,380°.     It 
fused  perfectly,  and  its   melting   point   was  then 
determined  by  the  method  described,  to  be  1,230°; 
on  attempting  to  repeat  the  determination,  how- 
ev  ;r,    the   crucible   was    destroyed    exactly    as   in 
Experiment  (j). 

The  calculated  proportions  of  CaO  (including 
equivalents  of  MgO  and  A1.,03  present)  silica  and 
titanium  oxide  (expressed  both  as  TiO.,  and 
Ti.,03  have  been  plotted  graphically  in  the 
diagram,  keeping  the  titanium  constant.  The 
two  inclined  lines  ab  and  cd  are  so  arranged  that 
the  lengths  or  ordinates  intercepted  between  them 
and  the  datum  represents  proportions  of  CaO  and 
SiO.,  required  to  form  a  monosilicate  in  conjunc- 
tion with  the  constant  percentage  of  titanium. 
These  were  obtained  by  calculating  the  propor- 
tions present  in  2CaO,  2Ti.,0:;,  4Si02  and  6CaO, 
2Ti.,03,  6Si.,0,  and  setting  them  off  to  scale  from 
the  convenient  points  x,  //,  on  the  datum.  When 
considering  any  particular  case  in  the  experiments 
plotted,  therefore,  all  that  is   necessary  to   ascer- 


tain the  degree  of  closeness  with  which  thetheore 
tical  slag  approaches  a  monosilicate,  is  to  selecl 
either  the  CaO  or  Si( ).,  point,  observe  where  the 
line  through  it  parallel  to  the  datum  cuts  the 
particular  CaO  or  SiO.,  line,  follow  the  ordinate 
through  that  point  to  the  Si( ) .,  or  CaO  line  and 
read  oil'  the  proportion  of  SiO.,  or  CaO  required, 
which  may  then  be  compared  with  the  amount 
theoretically  present  in  the  slag. 

Thus,  slags  (4),  I.,  IV.,  Y..'\  1 1.,  VI 1 1,  V1IIA. 
and  VILTe.,  are  not  very  different  from  monosil- 
icate and  are  all  fusible  ;  and  while,  at  the  same 
time,  it  is  clear  that  considerable  variations  in 
composition  may  still  result  in  fluid  slags,  within 
the  limits  dealt  with  it  is  safe  to  say  that  a 
monosilicate  slag  will  be  fusible.  Slag  VII.,  for 
instance,  is  rather  more  acid  than  a  monosilicate, 
and  to  produce  it,  for  every  unit  of  TiO.,  in  the 
lire  about  '30  unit  of  lime  or  say  "6  or  '7  dolomite, 
and  "9  unit  silica  must  be  used  as  flux,  or  a  total 
of  1"5  units.  Therefore  an  ore  containing  15% 
Ti0o  will  only  require  roughly  23%  of  its  weight 
of  flux  and  will  produce  nearly  40%  of  its  weight 
of  slag,  and  each  ton  of  iron  from  a  57%  ore  will 
be  accompanied  by  about  '7  ton  of  slag — quite  a 
moderate  quantity  when  it  is  remembered  that 
twice  this  quantity  is  frequently  formed.  The 
slag  would  doubtless  be  perfectly  fluid  at  blast 
furnace  temperatures  and  is  high  enough  in  SiO., 
to  produce  a  grey  iron,  but  if  this  were  not 
needed,  some  silica  could  be  cut  down,  or  lime 
brought  up,  without  much  risk  of  cutting  the 
hearth  walls. 

In  Rossi's  blast  furnace  experiments,  in  which 
he  made  highly  titaniferous  slags,  the  corrosion 
of  the  furnace  lining,  even  after  a  short  run,  was 
considerable,  pointing  again  to  the  basic  character 
of  the  high  titanium  slag  and  furnishing  a  strong 
reason  for  intentionally  using  silica  as  a  flux,  to 
produce  a  silicate  and  not  relying  on  titanium  to 
form  titanates.  An  interesting  point  may  be 
referred  to  here  also  ;  if  a  blast  furnace  manager 
in  the  old  days  found  his  slags  becoming  sticky  it  is 
more  than  likely  that  he  would  use  more  lime,  on 
general  principles,  and  certainly  if  he  knew  his 
ores  contained  titanium  and  thought  it  acted  as 
an  acid.  Now  if  the  titanium  acted  as  l>ase,  this 
would  merely  accentuate  the  evil  by  making  the 
slag  too  basic,  and  the  resulting  troubles  would 
have  been  due  to  lime  rather  than  to  titanium  : 
it  seems  very  possible  that  titanium  may  have 
earned  some,  at  least,  of  its  bad  reputation  in  this 
manner. 

To  resume,  under  conditions  such  as  exist  in 
the  Transvaal,  with  silicious  iron  ores  abundant, 
these  would  naturally  furnish  the  bulk  of  the 
silica  required,  though  the  dolomite,  which  is 
always  more  or  less  silicious  would  also  furnish 
some.     Still  it  is  perfectly  obvious  that  by  mixing 
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the  two  classes  of  iron  ore,  a  mixed  ore  could  1  e 
produced,  which  is  not  far  from  being  self-fluxing. 
Approximately  half  a  ton  of  a  30%  silica,  iron 
ore  would  furnish  all  the  silica  required  by  a  ton 
of  the  15%  titaniferous  ore  and  this  1*5  ton  of 
mixed  ore  would  only  require  about  2  or  •'!  cwt. 
of  non-silicious  dolomite.  The  net  result  would 
Ue  that  having  so  little  slag  to  make  and  melt,  the 
cost  of  flux  and  fuel  would  he  likely  to  be  very 
low,  and  the  cost  of  handling  and  disposal  of  slag 
also  low  for  the  same  reason. 

Further,  with  regard  to  the  coke,  if  its 
mechanical  .properties  are  satisfactory,  a  com- 
paratively high  percentage  of  ash  would  not  be  a 
very  serious  drawback  as  it  would,  very  possibly, 
be  of  such  a  nature  to  help  with  the  fluxing  :  hut 
with  a  good  quality  the  amount  used  would 
doubtless  be  nearer  the  ton  than  the  one  and-a-half 
tons  previously  mentioned  as  being  possibly 
required,  even  allowing  for  the  reduction  of  TiC).,. 

But  even  in  places  where  no  suitable  coking 
coal  exists,  it  is  still  open  to  experiment  to 
determine  whether  or  no  non-coking  coals 
(resembling  the  Scotch  splint  coals,  or  else 
anthracitic  in  character),  which  exist  in  many 
places,  could  be  satisfactorily  used  in  place  of 
coke,  as  is  frequently  the  case  in  smelting  other 
classes  of  iron  ores.  Such  coals  occur  in  South 
Africa,  and  if  so  used,  the  bye-products  obtainable 
in  the  shape  of  tar,  oils,  ammonia  compounds, 
and  so  on,  would  doubtless  meet  with  a  ready 
sale. 

With  regard  to  electric  smelting  :  mixtures 
made  up  to  produce  monosilicates  have  been 
experimented  upon  and  found  to  smelt  perfectly, 
as  far  as  could  be  judged  in  the  small  •">()  amp. 
furna<  e  employed,  hut,  as  1  pointed  out  previously, 
slags  which  are  very  refractory  in  ordinary 
furnaces  can  be  readily  melted  at  the  higher 
temperatures  which  can  he  generated  electrically. 

In  conclusion,  I  may  summarise  as  follows : — 
1st,  with  regard  to  the  slags.  The  titanium,  in 
all  probability,  exists  in  the  slags  wholly  or  partly 
as  Ti203,  which  ads  as  a  base,  at  any  rate  when 
sufficient  silica,  is  present  also.  I  think  it  is 
quite  conceivable,  however,  that,  like  alumina,  it 
may  act  as  an  acid  in  very  basic  slags,  hut 
naturally  renders  them  scouring  and  Liable  to 
attack  brickwork,  with  which  they  come  in 
contact.  If  the  slags  are  calculated  to  form 
monosilicate  with  the  proportion  of  silica  about 
the  same  as  Ti,<  V,  (assuming  all  titanium  to  be 
present  in  this  form)  they  will  he  fusible  ami 
fluid.  Second,  with  regard  to  the  iron.  This,  in 
most  cases,  was  white,  and  when  grey  was 
obtained  it  seemed  to  he  as  often  a  consequence 
of  extra  high  temperature  as  of  extra  silica  in 
the  slag,  though  it  was  demonstrated  that  by 
increasing  this  a  grey  iron  could  he  produced. 


White  iron  is,  of  course,  well  adapted  for  forge 
purposes  (making  puddled  iron)  and  for  open 
health  steel  furnaces,  but  as  such  is  not  usable 
in  any  quantity  in  foundries,  and  it  was  in  order 
to  see  whether  a  grey  iron  could  he  made  that 
some  of  the  variations  in  charges  were  made. 
Several  analyses  of  the  specimens  of  iron  were 
made,  the  white  showing  from  traces  to  - 1  * » I 
silicon  and  little  if  any  titanium.  The  greys 
contained  from  1*8  to  3  2  silicon,  and  though  in 
general  there  was  scarcely  any  determinable 
titanium,  in  those  (Nos.  4,  5,  G  and  7)  which  had 
been  heated  to  very  high  temperatures  2  s  to 
3'48%  was  found.  Some  of  the  white  iron  was 
melted  and  "  physicked  "  by  adding  a  little  ferro- 
silicon  and  thereby  converted  to  grey  iron,  and  in 
all  probability  the  only  cause  of  the  formation  of 
white  iron  was  the  non-reduction  of  silicon  owing 
to  the  comparitively  low  temperature  employed. 
All  the  buttons  were  extremely  strong  under  the 
hammer,  and  in  fact  it  is  universally  admitted 
that  titaniferous  iron  is  of  excellent  quality. 
Samples  showing  the  different  grades  are  exhibited 
on  the  table;  also  a  small  hammer  cast  in  the 
laboratory  from  the  various  buttons  obtained. 
Figs.  III.  and  IV.  show  the  microstructure  of 
the  grey  and  white  iron  respectively. 


^C 


z^ 


r 


Fig.  111.  WO  \ . 
I  trusi  |  have  been  able  to  demonstrate  that 
very  useful  results  have  been  obtained  from  these 
small  tests  but,  of  course,  it  doe-  not  follow 
that  they  would  be  duplicated  in  the  blast  furnace, 
one  very  important  difference  in  the  conditions 
being  that  in  the  latter  nitrogen  and  other  \ 
are  passing  through  the  materials  all  the  time, 
for  that  reason  I  have  had  a  small  Mast  furnace 
erected,  and  propose  to  make  further  tests,  the 
results  of  which  will  he  communicated  in  duecourse 
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Fig.  IV.— x  400V. 
I  cannot  conclude  without  making  reference  to 
the  valuable  assistance  rendered  by  Mr.  Murray 
during  the  progress  of  these  experiments,  the 
greater  part  of  the  actual  manipulations  having 
been  carried  out  by  him,  Mr.  Moon  has  also 
assisted,  and  to  both  of  them  I  have  to  express 
my  thanks. 

Appendices. 
(a)  Slag  diagram  and  table  (see  p.  171). 
(6)  Analysis  of  dolomite  used. 

Per  cent. 
CaO  ...  ...      36-12 

MgO  ...  ...     1505 

A1.,03  and  Fe,03  ...       1-05 

SiO,  "...  ...       4-18 

(c)  Method  of  analysis  of  slags. 
The  method  adopted,  after  trying  many  others, 
was  as  follows  : — -'5  gm.  of  the  slag  crushed  to 
-  80  was  weighed  out  and  placed  in  a  nickel 
basin  containing  about  2  gm.,  say,  J  in.  stick  of 
caustic  soda  previously  fused  and  allowed  to 
solidify  in  order  to  minimise  risk  of  loss  by 
spitting.  This  was  then  held  over  a  Bunsen 
flame  by  means  of  crucible  tongs  and  melted,  and 
when  melted  kept  in  gentle  agitation  for  about 
two  minutes,  then  allowed  to  cool,  and  so  manipu- 
lated while  cooling,  as  to  spread  the  melt  up  the 
sides  of  the  basin  in  as  uniformly  thin  a  layer  as 
possible,  in  order  to  facilitate  subsequent  dissolu- 
tion. 

When  solidified  it  was  cooled  in  water  and 
then  nearly  filled  with  water.  After  a  few- 
minutes  the  sides  were  scraped  down  with  a 
nickel  spatula,  and  the  cloudy  liquid  transferred 
to  a  beaker  (Jena  400  c.c.  affords  a  convenient 
bottom  area)  and  the  dish  cleaned  out  in  the 
usual  manner,  then  acidulated  with  strong 
hydrochloric  acid  and  placed  on  the  hot  plate. 


The  bulk  should  not  exceed  50  c  c.  (to  save 
time  in  evaporation),  and  as  soon  as  the  solution 
becomes  hot  it  clears,  so  that  a  perfect  solution 
of  the  slag  is  obtained  in  less  than  20  minutes 
from  weighing  out.  After  going  to  dryness  and 
baking  it  was  taken  up  as  usual  with  hydro- 
chloric acid,  filtered  and  washed.  The  precipitate 
contained  the  silica,  together  with  a  variable 
amount  of  titanic  oxide.  After  weighing,  there- 
fore, it  was  evaporated  with  hydrofluoric  and 
sulphuric  acids,  ignited,  and  the  residue  of  Ti0o 
weighed,  and  Si0.2  determined  by  loss. 

The  filtrate  was  neutralised  with  ammonia 
and  reacidified  very  slightly  with  hydrochloric 
acid,  diluted  to  300  c.c,  some  crystals  of  sodium 
sulphite  added  (not  enough  however  to  destroy 
free  acid),  and  boiled  for  two  hours,  adding  a 
little  more  sulphite  occasionally,  and  also  taking 
care  to  keep  acid  and  so  prevent  precipitation  of 
alumina,  using  a  few  drops  of  methyl  orange  as 
indicator. 

The  hydrated  TiO.,  was  then  settled,  filtered, 
and  finally  weighed  as  Ti02,  and  added  to  that 
from  the  SiO„  evaporation.  In  the  filtrate  after 
oxidation  by  HN03,  iron  and  aluminium 
hydrates  were  precipitated  together  and  weighed 
together  as  Fe003  and  A1.,03.  Lime  and  magnesia 
were  determined  in  the  filtrate  as  usual.  Iron 
was  determined  in  a  fresh  portion:  being  obtained 
in  solution  in  the  same  manner,  except  that 
sulphuric  acid  was  used  throughout  instead  of 
hydrochloric;  diluted,  reduced  by  nearly  neutra- 
lising and  boiling  with  sodium  sulphite,  then 
titrating  with  permanganate  in  the  usual  manner. 
Alumina  was  then  determined  by  difference,  but 
it  is  advisable  to  examine  the  FeAl  precipitrate 
for  titanium. 

The  Chairman  :  I  beg  to  propose  a  very 
hearty  vote  of  thanks  to  Prof.  Stanley  for  his 
most  valuable  paper.  If  these  large  bodies  of 
iron  ore  in  the  Transvaal  can  be  successfully 
treated,  it  will  be  of  the  greatest  importance  to 
the  Transvaal  and  South  Africa.  The  time  has 
come  when  an  industry  to  meet  some  of  the  large 
iron  requirements  of  the  country,  particularly  of 
the  Witwatersrand,  should  be  started.  I  hope 
the  efforts  of  the  Government  to  promote  this 
iron  industry  will  meet  with  success.  I  .should 
like  to  ask  our  visitors,  Messrs.  Harbord  and 
Cobbe,  whether  they  would  not  like  to  contribute 
to  the  discussion  of  this  paper  this  evening. 

Mr.  F.  W.  Harbord  I  Visitor) :  I  have  listened 
with  the  greatest  pleasure  to  this  paper  by  Prof. 
Stanley,  and  it  was  of  particular  interest  to  me, 
coming  out  here  as  I  have  done  to  look  into  the 
question  generally  of  your  iron  ore  resources. 

The  smelting  of  titaniferous  ores  has  never,  in 
my   opinion,    been   systematically   thrashed  out, 


T  50 


r  ^~ 

i>3  2 

^ 

5  5  5 

2 

c  o-a 

= 

~~  _  :. 

C    -    >a 

•- 

£  =  =  I  I      1        £ 


-  7'.     -■-.  ■*  T    -t    -t      ^5  '  \ 


-3    -3  ■* 


-t"      ;     ~0O  "*  o  g  o  §  ifj  o  ©]  »o  io  «o 


■3  >-'a    ~ 


~-     c.   — 


^        -       r 


•  -    - 

•  -  ;- 
-  > 

o 

3 


c 

:' 


3!      -    —     ^ 


I         I 


"'  ~    ??    -T  ~  f 

—  71    i  i    cb  Tt<  -*  ' 


CD       —       C  :i    -  X 


-  - 


'."    -T- 


,.   ]        | 


I     I 


I-   I        I 


I    I 


:  c  c  r. 


■O    C —  I  -    -■-   /:      »    h    -i    (O^XO'OC       -        - 

7    7  1    "  ""     W  CC    "7  7  1     7  1    "7    w  -31    Tf  TC    r-  -r  —  —       — 


—  rc    x  x  —  ~    «i  -  r.  c  :*   i  - 


«  C-     i  -    ~     ~ 


—     •_ 

s       o  .     . 
"  -  .•  t  '{■ 


7  C     —  "C  I  - 


T  ~    —  ~    ~  ~     ~    '? 
-t   -:i  :'-   ci  -i-   n  ih    w   i> 


—  —    /■    71 

—  r.  '7  — 


172 


TJic  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.  Nov.  19U9 


and  I  have  always  thought  that  the  prejudice 
against  using  these  ores  lias  not  been  fully  justi- 
fied. At  home  1  have  repeatedly  tried  to  per 
suade  iron  masters  to  use  small  quantities  of 
such  ores  in  their  blast  furnaces,  gradually  increas- 
ing the  quantity  should  the  result  prove  satisfac- 
tory. The  large  scale  experiments  in  America 
conducted  by  Mr.  Rossi,  referred  to  in  the  \  aper, 
were,  so  far  as  the  results  published  show, 
successful  from  a  technical  point  of  view."  But 
whether  due  to  exceptional  wear  and  tear  in  the 
lining  or  to  other  causes,  these  experiments  were 
not  commercially  successful,  the  result  being  that 
no  one  in  America  has  followed  on  similar  lines. 

I  have  discussed  the  matter  at  different  times 
with  people  in  America,  and  have  always  been 
met  by/  the  statement  that  Rossi  failed  commer- 
cially. The  ordinary"  blast  furnace  manager 
always  insists  that  a  fluid  slag  cannot  be  main- 
tained, and  the  furnace  kept  open,  if  titaniferous 
ores  are  used,  but  I  have  never  met  an  English 
manager  who  was  able  to  substantiate  this  state- 
ment as  the  result  of  his  personal  experience 
extending  over  any  reasonable  period.  I  know 
one  large  plant  which  has  been  using  ores  con- 
taining  small  quantities  of  titanium  (about  1%) 
for  years  without  any  trouble,  and  although  it 
would  not  he  sale  to  rely  solely  upon  ores  con- 
taining considerable  quantities  of  titanium  when 
starting  a  new  industry,  yet  when  once  pig  iron 
was  being  made  satisfactorily  from  other  ores, 
small  quantities  of  titaniferous  ores  could,  I 
think,  be  used  with  perfect  safety. 

As  Prof.  Stanley  has  pointed  out,  you  cannot 
duplicate  Mast  furnace  conditions  in  a  crucible, 
for  in  a  blast  furnace  the  conditions  are  constantly 
varying  according  to  the  way  the  furnace  is  work 
ing,  but  you  can,  as  he  has  done,  demonstrate 
the  effect  of  varying  quantities  of  titanium  on 
the  fusibility  of  slags  of  different  composition. 
The  most  important  point  raised  in  the  paper  is 
whether  oxide  of  titanium  acts  as  a  base  or  as 
an  acid,  and  1  am  inclined  to  think  the  real 
trouble  has  been  that  under  different  conditions 
it  some  times  acts  as  an  acid  and  at  other  times 
as  a  base,  and  the  exact  conditions  which  deter 
mine  how  it  will  act  in  relation  to  silica  in  the 
Mast  furnace  have  never  been  accurately  deter- 
mined. The  usual  assumption  has  Keen  that  it 
acts  as  an  acid  in  the  same  way  as  silica,  and 
that  it  is  therefore  necessary  to  add  lime  to  flux  it, 
and  this  may  have  been  the  cause  of  a  great  deal 
of  the  trouble  experienced  with  these  ores.  The 
paper  is  one  of  greatest  interest,  and  1  shall 
follow  most  carefully  the  results  Prof.  Stanley 
obtains  from  the  larger  experiments  he  has  in 
view,  and  these  I  am  sure  will  not  only  be  of 
interest  here  but  to  all  iron  producing  countries. 
I  hope  he  may  be  able  to  conduct  these  experi- 


ments on  a  sufficiently  large  scale  to  arrive  at 
some  definite  practical  conclusion  as  to  the 
behaviour  of  these  ores  in  the  blast  furnace,  for 
it  is  a  most  important  matter  to  the  Colony,  and 
f  therefore  hope  that  Prof.  Stanley  will  have  the 
support  of  every  one  in  the  country  when  cany 
ing  out  this  work. 

Mr.  A.  F.  Crosse  (Past-President):  I  should 
like  to  remark  that  in  my  young  days,  when 
chemist  to  Messrs.  Johnson,  Matthey  &  Co.,  we 
frequently  sampled  and  analysed  whole  cargoes 
of  titaniferous  iron  ores  from  Norway',  which  were 
sold  in  England. 

TREATMENT  OF  ORE  SLIME. 


By   Andrew    F.    Crosse,    M.Inst. M.M.    (Past- 
President). 

The  chief  difficulty  in  treating  slimy  material 
with  a  cyanide  solution  is  the  difficulty  of  remov- 
ing and  obtaining  the  dissolved  gold,  or  silver, 
from  the  slime.  Many  methods  have  been  tried, 
and  the  methods  chiefly  in  use  to-day  are  the 
well  known  decantation  process  and  various  filter- 
press  processes.  The  decantation  is  very  slow, 
and  therefore  requires  an  enormous  plant,  and  a 
very  large  quantity  of  solution  has  to  be  handled 
in  proportion  to  the  weight  of  slime  treated. 

The  filter-press  method  has  many  advantages, 
but  it  requires  a  costly  plant,  requiring  much 
handling  and  constant  renewals.  In  my  process 
the  slime,  having  been  collected  in  a  suitable 
manner,  is  washed  with  a  weak  cyanide  solution 
into  a  conical  treatment  vat.  This  vat-is  provided 
with  an  interior  conical  batHe,  open  at  the  bottom, 
and  reaching  about  half  way  down  the  treatment 
vat.  Inside  the  vat  is  a  pipe  extending,  from 
nearly  the  bottom  of  the  cone,  to  a  foot  or  two 
above  the  surface  of  the  pulp.  This  pipe  has  a 
small  pipe  introduced  at  the  lower  end,  through 
which  air  is  forced  :  this  causes  a  current  of  con- 
centrated or  thickened  pulp  to  be  forced  up  the 
tube.  At  the  same  time  the  clear  liquid,  in  the 
outer  portion  of  the  conical  vat,  is  overflowing  in- 
to the  zinc  box  where  the  gold  and  silver  are 
deposited,  and  then  this  clear  solution,  deprived 
of  its  gold  and  silver,  is  pumped  by  a  small  pump, 
which  can  be  regulated  as  to  speed,  back  into  the 
top  of  the  inside  cone,  where  it  mixes  with  the 
underflow  brought  up  by  the  air  lift  pump.  By 
this  means  the  whole  mass  is  kept  in  continuous 
circulation  under  the  most  advantageous  condition 
for  the  solution  of  the  gold  or  silver  ;  as  the  air 
circulates  and  aerates  the  pulp,  the  gold  and 
silver  art'  being  continually  extracted  from  the 
solution,  the  same  solution  acts  as  a  wash, 
practically  all  the  gold  and  silver  having  been 
extracted  and  deposited  in  the  zinc  box.     During 
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the  working  of  the  process  it  is  very  easy  to 
control  the  strength  of  the  cyanide  solution  or 
the  alkalinity,  and  should  either  he  found  too 
low,  more  cyanide  or  alkali  can  be  added. 

Clear  solution  containing  gold  is  passing 
through  zinc  boxes  and  depositing  its  gold  in  every 
cyanide  plant.  The  circulation  of  cyanide  solution 
and  slime  by  means  of  an  air  lift  pump  is  quite 
the  ideal  method  of  solution,  as  I  have  proved  in 
hundreds  of  trials.  Mont  gold  ores  produce  on 
crushing  a  certain  proportion  of  real  slime,  which 
is  usually  a  hydrated  silicate  of  alumina  with  an 
excess  of  silica,  or  a  very  finely  divided  hydrate 
of  ferric  oxide,  and  finely  ground  pyrites. 

We  metallurgists  all  recognise  to-day  that  no 
hydro-metallurgical  gold  treatment  can  be  succes 
ful  unless  the  ore  has  been  sufficiently  finely 
crushed,  in  order  to  render  every  particle  of  gold 
or  silver  accessible  to  the  solvent  action  of  the 
cyanide  solution.  In  order  to  carry  out  this, 
tube  mills,  pans  and  other  devices  have  been 
introduced,  so  that  a  large  proportion  of  the 
.•rushed  ore  ft/met  be  treated  by  percolation. 
In  my  scheme  I  can  handle  any  fine  material, 
and  I  can  treat  successfully  either  ordinary 
argillaceous  slime,  fine  sand,  or  finely  ground 
pyrites.  I  have  treated  a  highly  ferruginous 
slime  and  obtained  an  extraction  of  93*2  of  the 
gold  contents  from  slime  containing  7  dwt.  fine 
gold  per  short  ton.  This  means  that  the  gold  so 
obtained  was  precipitated  on  the  zinc.  This  same 
slime  was  treated  by  a  filter  press  plant,  and  only 
gave  extraction  of  61%  of  the  gold;  this  was 
owing  to  the  nature  of  the  slime,  as  it  contained 
so  mum  ferric  hydrate,  and  it  was  impossible  to 
wash  out  the  dissolved  gold  from  the  pressed  slime. 

The  cost  of  erecting  a  plant  according  to  my 
plan,  would  be  very  much  less  than  any  other  that 
I  know  of,  as  it  merely  requires  the  ordinary 
conical  vats,  pipes  for  air  lift  pumps,  zinc  boxes, 
and  an  air  compressor.  The  mechanic  il  efficiency 
of  an  air  lift  pump  is  quite  equal  to  other  pumps 
for  slime  pulp,  as  the  proportion  submerged  is 
very  larye  in  proportion  to  the  actual  lift  required. 
Very  little  labour  is  required  to  run  the  plant, 
and  one  attendant  could  look  idler  several  vats. 

A>  regards  the  strength  of  the  cyanide  solution 
and  consumption  of  chemicals,  that  would  depei  d 
on  the  natuie  of  the  ore,  and  would  he  neither 
more  or  less  than  that  required  by  other  methods. 

My  plant  (see  diagram)  consists  essentially  of 
a  conical  vat,  A,  having  within  it  a  cone  shaped 
baffle,  B,  and  a  pipe,  (',  up  which  a  jet  of  air  is 
directed  from  the  small  pipe,  1)  :  a  further  pipe, 
E,  leads  from  near  the  top  of  the  vat  A  into  the 
zinc  precipitin ing  box,  F,  which  isprovided  with 
a  pipe,  Q,  through  which  a  small  air  lift  pump, 
II,  returns  the  liquor  from  the  zinc  box  to  the 
inside  of  the  baffle  B. 


:     P.pe 

Section  Showing  Essential   Parts. 

The  method  of  operating  the  plant  is  as 
follows- — The  slime,  having  been  collected  by 
any  suitable  method  and  the  excess  of  water 
decanted  off,  is  washed  by  means  of  a  weak 
cyanide  solution  into  the  treatment  vat  A  through 
the  baffle  B.  Further  weak  cyanide  solution  is 
then  added  and  air  turned  on  through  the  pipe  ]  >. 
This  forces  up  through  the  pipe  C  into  the 
receiver  J  a  mixture  of  slime,  dilute  cjanide,  and 
air,  to  a  point  a  foot  or  two  above  the  level  of  the 
liquor  in  the  vat  A  to  which  it  returns  through 
the  pipes  K,  which  are  so  arranged  as  to  give 
their  discharge  a  circular  motion  within  the  baffle 
cone  B.  The  slime  then  settles  down  continuously, 
reaching  the  bottom  i  f  the  cone  in  the  form  of  a 
thickened  pulp,  and  is  again  lifted  through  the 
pipe  C.  The  pulp  occupying  the  space  between 
the  baffle  cone  and  the  wall  of  the  cone  A  is  in  a 
state  of  comparative  quiescence,  the  only  raove- 

nl   being  a  gentle  upward  flow  of   the  enriched 

solution  to  the  pipe  E,  on  its  way  to  the  zinc  box. 
The  conical  shape  <4  the  vat  A  reduces  the  rate 
of  upward  flow  and  insures  that  the  top  few 
inches  of  liquor  are  clear  and  free  from  slime, 
and  thus  are  in  a  fit  state  for  precipitation. 
The  solution  deposits  its  gold  content  in  the  zinc 
box  and  is  then  returned  by  the  pump  II  to  the 
inside  of  the  baffle  where  it  continues  its  work, 
and  the  sequence  above  described  is  allowed  to 
proceed  until  a  large  proportion  of  the  gold  has 
been  precipitated. 

Having  described  my  slime  process,  I  would 
now  like  to  go  into  further  details. 

I  have  made  a  considerable  number  of  experi- 
ments as  to  replacement  of  the  solution  when  the 
pulp  is  being  agitated  in  the  conical  vat,  as 
described.  The  method  I  used  was  to  have  a 
weak  chloride  of  sodium  solution  and  no  cyanide. 
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I  found  that  with  the  vat  constructed,  as  shown 
in  the  diagram,  and  having  a  pulp  containing 
20%  of  dry  slime,  or  1  -  5,  I  could  obtain  a 
clear  overflow  of  18%  of  the  contents  (if  the 
conical  vat  per  hour,  and  that  when  a  volume  of 
solution  equal  to  the  solution  in  the  vat  had  been 
replaced  by  water  running  into  the  inner  cone  I'.. 
that  75%  of  the  chloride  of  sodium  had  been 
removed.  I  obtained  this  result  several  times 
with  different  slimes,  both  in  London  and  m  the 
Transvaal.  The  same  thing  happens  with  gold  or 
silver  in  solution,  and  as  the  solution,  when  it  is 
returning  from  the  zinc  box,  pours  into  the  inner 
cone,  the  gold-bearing  solution  is  taken  off  by  the 
decanting  arm,  as  described. 

I  want  to  draw  your  attention  to  one  point. 
In  beginning  the  operation  with  a  solution  not 
containing  gold,  the  upper  portion  of  the  solution 
which  begins  to  overflow  would  not  contain  any 
gold  for  some  time,  and  it  would  be  useless  to 
pass  it  through  the  zinc  box,  therefore,  in  work- 
ing this  process  I  would  recommend  circulating 
for  about  two  hours  before  allowing  any  overflow 
to  take  place.  This  is  very  easily  arranged,  as 
the  pulp  in  the  inner  cone  B  is  concentrated,  and 
has  a  much  higher  specific  gravity  than  in  the 
outer  portion;  the  surface  of  the  liquid  is  several 
inches  below  the  level  of  the  outer  portion  ;  by 
means  of  four  or  five  2  in.  holes  just  below  the 
surface  of  the  outer  portion  the  clear  solution 
flows  into  B.  When  this  circulation  has  pro- 
ceeded long  enough  the  holes  are  plugged  with 
wooden  plugs,  and  the  clear  overflow  is  allowed 
to  pass  through  the  zinc  box  and  return  to  the 
inner  cone  free,  or  nearly  free,  of  gold  and  silver. 
After  this  circulation  has  been  started,  it  will  be 
apparent  that  at  any  given  time  the  upper  portion 
of  the  solution  in  the  outer  vat,  between  the 
inner  and  outer  cone,  is  the  richer  in  gold. 
Therefore,  if  the  pulp  be  allowed  to  settle  in  the 
vat,  the  super-natant  liquid  is  much  richer  in 
gold  than  that  portion  in  the  settled  pulp.  One 
can,  if  one  likes,  replace  a  strong  cyanide  solution 
by  a  very  weak  one.  I  treated  some  slime  in 
London  (from  Nundydroog  Mine,  Mysore,  India) 
by  my  process,  and  alter  seven  hours'  treatment 
the  unwashed  residue  assayed  '07  dwt.  fine  gold 
per  ton.  The  original  slime  assayed  2*5  dwt. 
fine  gold.  This  slime  was  slightly  pyritic.  There 
is,  as  you  all  know,  even  in  slime,  an  insoluble 
minimum  of  gold,  and  it  would  be  an  interesting 
problem  for  some  of  our  younger  members  to 
find  out  in  what  condition  this  very  finely 
divided  gold  is,  and  to  explain  why  it  is  not 
soluble  in  cyanide  solution. 

It  is  quite  evident  that  the  capital  outlay 
required  for  a  plant  which  requires  so  short  a 
time  for  treatment  (the  time  for  settlement  musl 
or  course  be  added)  is  very  much    less  than  the 


present  plants  in  use  on  these  fields.  This  plant 
is  both  easy  and  inexpensive  to  work.  If  the 
overflow  is  not  absolutely  clear,  it  will  have  to  be 
passed  through  a  clarifier  of  some  kind  ;  this 
method  is  usual  to  day  on  most  slime  plants. 

A  plant  has  been  erected  on  the  above  prin- 
ciple and  has  been  working  for  fourteen  months 
on  the  Crown  Mines,  giving  excellent  results, 
which  will  be  described  in  the  paper  which 
follows,  so  that  it  will  be  evident  that  my  process 
has  now  passed  the  experimental  stage,  as  a 
proof  of  which  1  append  some  notes  by  Mr. 
Fraser  Alexander  on  the  Treatment  of  Black 
Sands. 

ADDENDUM  OX 

THE  TREATMENT  OF  BLACK  SANDS, 

by  Fraseb  Alexander  (Member   of   Council). 

I  have  been  asked  by  several  members  of  this 
Society  to  explain  the  method  of  treatment  and 
plant  adopted  on  the  Crown  Mines  and  worked 
by  me  with  considerable  success  since  October 
1908,  for  the  quick  treatment  with  cyanide  of 
our  battery  by-product  commonly  called  "  Black 
Sand."  This  subject  has  already  occupied  the 
attention  of  members  of  this  Society,  see  February 
Jim nml  of  1906,  "A  Quick  Treatment  by 
Cyanide  of  Black  Sands,"  by  Mr.  D.  V.  Burnett. 

After  working  the  plant  described  by  Mr. 
Burnett  for  a  considerable  period,  I  decided  that 
the  sampling  of  residues  could  not  be  relied  on, 
and  I  often  found  amalgam  accumulated  immedi- 
ately below  the  stirring  gear  in  sufficiently  large 
quantities  to  upset  all  calculations  -of  actual 
extraction,  and  this  was  my  chief  objection  to 
the  paddle  stirring  process.  Seeing  a  plan  of 
Mr.  Andrew  F.  Crosse's  design  for  the  treatment 
of  concentrates,  I  decided  to  try  the  experiment 
on  a  working  scale,  and  used  for  my  purpose  an 
old  conical  shaped  water  purifier  18  ft.  deep  by 
1  ft.  •>  in  at  the  top,  tapering  to  '1\  in.,  to  which 
1  fitted  air,  cyanide  solution,  and  water  connec 
tions,  as  shown  in  the  accompanying  sectional 
diagram.  This  apparatus,  which  is  simple  in 
construction  and  costs  practically  nothing  for 
maintenance,  is  extremely  reliable  and  efficient 
for  the  treatment  of  refractory  ores  with  cyanide. 

Since  installing  this  plant  I  have  treated 
61,340  H>.  of  black  sands,  having  an  average 
value  of  l'o  0  oz.  per  ton,  from  which  683  QZ.  line 
gold  =  96"88  and  about  150  oz.  of  mercury  were 
recovered.  In  many  instances  1  checked  the 
assay  values  of  charges  by  sampling  the  solutions, 
from  which  1  obtained  most  satisfactory  results 
in  measured  quantities. 

Appended  is  a  fair  specimen  treatment  sheet: 
Dry  weight  of  charge  =  500  lb.  charged  into  the 
cone  with  ordinary  working  cyanide  solution  to 
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Black  Sands  Treatment  Plant. 


whicli  is  added  15  lb.  of  cyanide  and  10  lb.  lime. 
Charged  2  p.m.,  circulated  to  8  p.m.,  started 
washing  9  p.m.,  rate  of  wash=  75  tons  per  hour, 
:)  a.m.,  KCy=-13,  CaO  %  =  >015.  Average 
value  solution  =  23"35  dwt.  After  further  wash- 
ing with  weak  solution(  =  "05  KCy)  for  six  hours, 
the  average  value  was  reduced  to  I  .">  dwt. 
11  am.,  solution  KCy=01,  CaO=008,  An 
••')()  dwt.  12  noon  to  I  p.m.,  water  wash,  com- 
pleting the  charge  within  2  1  hours. 

Original  value  of  charge  =25'0oz   per  ton. 

Value  of  residue  =      '51  oz.  per  ton. 

Theoretical  extraction      =97*96 

Tie-  process  is  practically  continuous  and  requires 

vt'i  y   lilili'  attention. 

I    have    no    doubt    this    method    of    treating 
refractory   ores  with   cyanide   is  capable  ol   con- 
siderable extension,  as  a  quick  method  of  extract 
ing  gold  and  silver  from  their  ores. 

The  partial  analysis  of  the  sample  of  treated 
black  sands  from  the  Crown  Mines  is  as 
follows  : — 


Per  cent. 
Silica  (Si02)   ...  ••■     51*94 

Iron,  calculated  as  Fe2Oa        -"'2  62 

Sulphur  (S)    ...  ...     16-98 

Assuming  the  sulphur  to  be  contained  as  iron 
pyrites    having    a    formula    of  FeS.,,  calculation 
gives  the  following  data: — 

Per  cent. 
Silica  (SiO.,)   ...  ...      51-9-4 

Iron  disulphide  (FeS,)  ...  31-84 
Ferric  oxide  ( l-V.,'  )..)  ...  11  ■•">'-1 
A  qualitative  investigation  showed  the  presence 
of  a  very  small  quantity  of  arsenic,  and  traces  ol 
Copper,  titanium,  cobalt  and  nickel.  A  small 
amount  of  lime  was  also  noted,  this  being  a  sub- 
sequent addition  for  treatment  purpose-.  A 
negligible  quantit}  of  magnetic  iron  is  present. 

I  have  to  thank  Mr.  Croghan  for  the  foregoing 
analysis,  and  Mr.  F.  \V.  Leeds  for  his  courtesy 
in  drawing  the  illustrative  diagram. 

Mr.  E.  H.  Johnson  (Past  President):  [should 
like  to  move  a  hearty  vote  of  thank-  to  our  old 
confrere,    Mr.    Cro?se,    and    also    to    Mr.    Fraser 
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Alexander,  for  their  interesting  account  of  Mr. 
Crosse's  new  process.  I  have  seen  the  plant  in 
operation  at  the  Robinson  mine.  The  system  of 
agitation  is  perfect  in  the  central  con*  and  gives 
a  very  clean  overflow  from  the  outer  cone,  but  I 
think  the  point  in  question  is  the  amount  of 
solution  which  will  be  required  to  complete  the 
washing.  In  Mr.  Alexander's  case  I  do  not 
think  it  is  a  matter  of  importance  owing  to  the 
high  value  of  the  original  slimes. 

Mr.  W.  A.  Caldecott  {PastPresident)  :  In 
seconding  the  vote  of  thanks  to  the  author,  I 
may  say  that  the  use  of  the  air  lift  for  dissolving 
gold  in  slime  pulp  was  not  always  as  well  known 
a  device  as  is  now  the  case.  Some  years  ago,  in 
consequence  of  the  wide  claims  of  a  patent  appli- 
cation from  abroad,  Mr.  Crosse's  earlier  experi- 
mental use  of  the  air  lift  for  slime  treatment 
became  more  generally  known. 

The  author  has  referred  us  to  the  filter  press  as 
being  the  main  competitor  of  the  decantation 
process  of  slime,  treatment.  I  think  that  we  are 
generally  agreed  that  ore  slime  filter  pressing  now 
belongs  to  the  "  has  been  "  class  of  processes,  but 
since  we  are  fortunate  enough  to  have  Mr.  Bosqui 
and  Mr.  Patterson  from  the  United  .States  with 
us,  I  trust  that  these  gentlemen  will  before  long 
give  us  their  views  upon  the  application  of 
vacuum  filtration  to  current  low-grade  banket  or 
slime. 

Mr.  Andrew  F.  Crosse  {Past-President):     I 

should  like  to  thank  Mr.  Johnson  and  Mr. 
Caldecott  for  the  kind  remarks  they  have  made, 
and  at  the  same  lime  to  mention  that  if  any  of 
the  members  of  this  Society  would  like  to  see  a 
model  plant  at  work,  in  which  I  can  treat  80  lb. 
of  slime,  I  shall  be  glad  to  show  it  them  at  Mr. 
Croghan's  laboratory,  opposite  the  Corner  House, 
in  Simmonds  Street. 

THE    INFLUEXCK    OF    MOIST    AIR    ON 
QUICKLIME. 


{Read  a/  May  Meeting,    1009.) 


By  Jas.   Quay,  F.I.C.  (Member). 


REPLY    TO    DISCUSSION. 

Mr.  Jas.  Gray  {Member) :  Although  the  dis- 
cu  sion  on  my  paper  has  been  very  full,  I  regret 
that  the  lime  sellers  have  not  come  forward  to 
give  us  the  benefit  of  their  views  on  the  matter. 

There  is  not  much  to  reply  to  in  regard  to 
1  >r.  Moir's  contribution,  and  I  have  only  to 
supply  the  further  figures  he  desires.  I  find  at 
this  season  of  the  year  that  the  changed  atmo- 
spheric conditions  tend  to  give  different  results  to 


those  obtained  at  the  beginning  of  the  year  when 
the  previous  experiments  were  carried  out,  and  in 
order  to  obtain  corroborative  results  the  time  of 
exposure  had  to  be  reduced. 

The  details  of  the  experiments  are  as  follows  : 

SO  limns   Exposure  — 

Original  weight  of  lime  ...        1  U7664  gm. 

Increase  in  weight     ...  ...        12-94% 

Available  lime  in  sample  before     100"0% 

Available  lime  in  sample  after  ...        86"52% 

Total  CaO  present,  after  ...        88" 4% 

Loss  on  ignition         ...  ...        list 

CaO  as  CaCO„,  0-268  gm.   )..  ,_,,.  „  .ft0/ 

nr\  nomr  01  <  bo  gin.,     o'GO/ 

CO.,  0  2106  gm.J  °  /0 

C,,oll8Ca(OH)3  4-0842  g„,  ]  4Q 

11. ,( )  U3128  gm.J  & 

Unchanged  CaO  7"4141  gm.   55*78 

Ratio  CO.,  to  11,0  1  to  6-25. 

17  D<>  ys'  Exposure — 
Original  weight  of  lime  ...        12"762  gm. 

Increase  in  weight        ...  ...        40"34% 

Available  lime  in  sample,  before...      100-0% 
Available  lime  in  sample,  after  ...        5152 
Loss  on  ignition  ...  ...        28'cS3% 

Total  CaO  present,  after  ...        71  "56 

CaOasCaC03,     3  535  gm.  }  6.g13  S6.24% 

CO.,  2-777  gm.  I  °  /o 

CaO  as  Ca(OH)2  7-379  gm.l75m 
H.,0  2372  gm.J  ° 

Unchanged  CaO    1-848  gm.  1031% 

Ratio  CO,  to  H,0  1  to  -85. 

Mr.  Johnston  is  entirely  in  the  wrong  regard- 
ing his  failure  to  come  forward  with  his  con- 
tribution sooner  owing  to  want  of  opportunity, 
as  the  paper  was  before  the  June  meeting  for  dis- 
cussion at  an  early  hour  without  result. 

To  turn  now  to  Mr.  Johnston's  contribution. 
His  experiments  and  mine  show  that  when  lime 
is  exposed  in  an  open  vessel  to  moist  atmospheric 
influences,  the  absorption  of  carbon  dioxide  is, 
after  3 — 4  days,  greater  than  the  absorption  of 
water,  although  I  now  consider  that  this  depends 
to  a  certain  extent  on  the  season  of  the  year, 
even  under  the  artificial  conditions  already 
described.  It  must,  however,  be  admitted  that 
an  exposure  such  as  described  is  much  more 
severe  than  that  to  which  the  lime  is  subjected  in 
transit  from  the  works  to  the  mine  when  the 
lime  is  to  a  certain  extent  protected  by  the  bags. 
Mr.  Johnston  supplies  details  of  two  experi- 
ments which  to  him  tend  to  disprove  my  conclu- 
sion that  the  absorption  of  carbon  dioxide  is  slow 
compared  with  the  absorption  of  water.  The  first 
experiment,  owing  to  lack  of  sufficient  data,  cannot 
lie  i  xamined,  and  I  would  only  remark  that  some- 
thing would  appear  to  be  wrong  in  the  figures  for 
the  first  day,  which  give  a  ratio  of  carbon  dioxide 
to  water  of  1  to  3,  but  the  second  experiment 
carried  out  in  a  sack  has  all  the  necessary  data, 
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and  from  it  I  conclude  that  an  exposure  of  2-  3 
days  in  an  open  vessel  is  comparable  with  an 
exposure  of  about  14  days  in  a  suck. 

Mr.  Johnston  placed  100  oz.  of  freshly  burnt 
lime  containing  67*58%  available  lime  in  a  sack 
and  exposed  it  to  moist  atmospheric  influences 
for  14  lays,  and  at  the  end  of  that  period  found 
that  it  had  increased  in  weight  by  15  oz.,  and 
the  available  lime  had  decreased  in  value  to 
57-21%,  i.e., 

Weight  of  lime  originally  present 
"  5721  x  115 


Weight  of  lime  after 


100 


67'58  oz. 

65-80  oz. 

1-78  oz. 


therefore  lime  converted  into  CaC<  >.. 
therefore  C02  absorbed  by  lime,  l"40oz.      I  2] 

and  H..O  absorbed  by  lime,         13'60  oz. 

a   ratio  of  CO.,  to  H.70  of  1  to  9-7,  or  approxi 

mately  10  to  1  against  Mr.  Johnston. 

An    inconsistency  requiring  elucidation    is  the 
quantity  of  carbon   dioxide   found  present   after 
the  experiment  was  completed.     As  will  be  seen, 
1"21%  of  CO.,  was  absorbed,  and  Mr.  Johnston 
found  the  outside  of  the  sack  to  contain  14'2 
C02-3327%    CaC03    and     the     inside     3*76 
CO.,  =  8-54%  CaC03,  but  the  lime  originally  con 
tained  .'52-42%  impurities  which  must  have  been 
essentially  CaC03,  the  lime  having  been   freshly 
burnt,  thus  expelling  the  combined  water  which 
may  have  been  originally  present.      It  would  be 
interesting  and,    uo  doubt,    instructive    to  learn 
how  Mr.  Johnston  reconciles  these  figures. 

As  this  paper  originated  from  observations  of 
the  fluctuations  in  value  of  the  available  lime 
contents  in  lime  supplies  during  the  different 
seasons  of  the  year,  I  cannot  take  Mr.  White  or 
his  friend  in  the  lime  trade  seriously.  Mighl  1 
suggest  that  Mr.  White  .mould  endeavour  to 
make  some  real  advance  in  our  knowledge  instead 
of  worrying  about  "effete  superstitions  "  .' 

Mr.  Bowling's  contribution,  if  correct,  throws 
an  interesting  sidelight  on  the  commercial  in- 
stinct of  the  lime  seller. 

Messrs.  Graham  and  Lindsay's  remarks  have 
very  little  bearing  on  my  paper,  as  they  deal  with 
method.-,  of  testing  the  relative  values  of  lime 
supplies.  I  would  suggest  that  their  ideas  1  it- 
carried  to  a  logical  conclusion  by  arranging  that 
the  mines  pay  for  dynamite  on  the  rock  broken 
per  month,  or  the  cyanider  on  the  tons  of  solution 
pumped,  together  withthe  number  ofglands  | 

It  is  now  generally  admitted  that  the  system 
ot  paying  for  lime  on  a  guaranteed  value  "I    75 
available    lime,  in    the    supplies   as    received  at 
the  mine,  is  unjust  to  the  seller,  and  it  is  satisfac 
tory  to  know  that  arrangements  have  been  or  are 

being  made  to  remedy  this  injustice. 
In  conclusion,  I  must  express  thanks  to  Mr.  Alex. 
Heymann  for  facilities  afforded  to  carry  out  the 
necessary  experimental  work  in  his  laboratories. 


THE    EFFECT   ON    AMALGAMATION,  OF 

DIFFERENT  INTERVALS  OF  TIME 
BETWEEN  THE  DRESSINGS  OF  PLATES. 


(Read,    it  ./<//><    Meeting,   1909.) 

By    G.    O.    Smart,    AJnst.M.M.    (Member   of 

Council). 

BEPLY    TO    DISCUSSION. 

Mr.   G.  0.  Smart  (Member  of  Council)  :     In 

accordance  with  the  promise  given  at  tie-  reading 
of  this  paper,  I  now  submit  the  results  of  a 
similar  experiment  carried  out  on  tube  mill  amal- 
gamation, with  the  view  of  determining  the  most 
suitable  times  tor  dressing  those  plates consisten I 
with  economy  and  efficiency. 

A  series  ot  test-  was  undertaken,  extending 
over  a  period  of  12  days,  during  the  latter  part 
of  June  and  the  beginning  of  .Inly,  and  the 
figures  given  b^low  are  the  averages  of  the 
extractions  obtained. 

The  individual  results  were  very  irregular,  and  in 
order  to  obtain  concordant  data  on  which  to  base 
a  conclusion,  some  of  the  more  abnormal  6gures 
were  discarded  before  the  averages  were  taken 
out.  In  explanation  of  this  irregularity,  it  may 
be  mentioned  that  amalgam  is  invariably  presi  nl 
in  the  pulp  discharged  from  tube  mills,  due  to 
the  mercury  escaping  from  the  mill  plates  form- 
ing amalgam  with  free  gold  released  from  the 
sand  by  regrinding  in  the  tubes.  When  the 
effect  on  an  assay  of  the  presence  of  amalgam  in 
the  sample  is  considered,  the  difficulty  in  obtain 
ing  uniformly  reliable  assay  heads  on  this 
material  will  lie  apparent.  However,  the  average 
of  the  tests  may  be  taken  as  sufficiently  accurate 
to  give  a  fair  indication  of  tie'  extraction  at  the 
times  stated. 


Hours 

Per  cent. 

Grading 

l.ci\  ing 
Tubes. 

after 
Dressing. 

tion. 

Mesh. 

Entering 
Tubes. 

I  •")  mins 

26-05 

2  houi  s 

29  27 

1      .. 

27  04 

59  97 

16-80 

6      .. 

2501 

-  01 

23-25 

24-88 

8      .. 

23-87 

-006 

L6  78 

10       .. 

18  1  I 

12       .. 

L917 

this  table  .s  hours  appears  I 

the     Longest     time    that     can     safely     he     allowed 

between  dressings,  and  in  consequence  ot'  this  tesl 

1    adopted    8    hour    interval-    on    the   tube    mill 
plates  for  some    time,  without    any  apparent    fall 

ing  oil'  in  the  extraction. 

Six    hour    intervals    between     dressings     have 

again   been  adopted,  as  one-third  of  the  mill  is 
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now  running  without  amalgamation  except  on 
the  tube  mill  plates,  and  it  seemed  inadvisable  to 
apply  the  additional  mercury  required  (to  amal- 
gamate the  gold  that  formerly  was  oaught  in  the 
mill)  to  the  shaking  table  plates  while  a  thick 
pulp  was  passing  over  them,  about  85  tons  of 
solids  per  table  per  day  and  more  especially  when 
a  large  portion  of  the  surface  was  covered  with 
black  sand. 

With  regard  to  the  reasons  given  by  Mr. 
Bevington  in  explanation  of  the  highest  extrac- 
tion being  obtained  some  hours  after  dressing  I 
quite  agree,  and  although  from  the  table  given  here 
this  improvement  in  extraction  is  not  so  apparent 
on  the  tube  mill  plates;  the  thicker  pulp  and 
side-shake  may  have  some  bearing  on  the  question, 
and  in  some  measure  account  for  the  seeming 
disagreement. 

In  conclusion,  I  wish  to  thank  Mr.  Dowling  for 
giving  the  results  of  a  similar  experiment  at  the 
Knights  Deep,  which  serves  to  bear  out  those 
obtained  by  me,  and  also  Messrs.  Bevington, 
Alexander,  White,  Laschinger  and  Johnston  for 
their  contributions  which,  however,  do  not  call 
for  any  further  comment. 

I  may  add  that  previous  to  adopting  1 2  hour 
intervals  I  had  dressed  mill  plates  at  8  hours  for 
over  ten  years,  and  always  obtained  satisfactory 
amalgamation. 

Mr.  J.  E.  Thomas  {Member  of  Council)  read 
the  following  contribution  : 

THE  DEVELOPMENT  OF  HEAVY  GRAVI- 
TATION STAMPS. 

(Reprinted  in  this  Journal,  September,  1909, 
from  the  Bulletin  of  the  Institution  of 
Mining  and  Metallurgy,  August  12,  1909.) 


By  W.  A.   Caldecott  (Member). 

DISCUSSION. 

Mr.  W.  G.  Urquhart  (Associate):  The  pre- 
vention of  the  irregular  wear  of  dies  is  as  yet  an 
unsolved  problem.  I  consider  it  is  possible  to 
prevent  the  uneven  or  irregular  wear  of  dies  by 
the  proper  application  of  a  "Diagonal  Die  Water 
Service."  Let  us  go  back  and  consider  the 
results  obtained  in  must  mills  which  are  not 
equipped  with  a  diagonal  service,  and  where  the 
water  is  fed  from  the  top  of  the  boxes,  back  or 
front.  The  wear  of  the  dies  is  in  accordance 
with  the  order  of  drop  in  use,  providing,  of  course, 
that  the  weight  and  height  of  drop  of  the  stamps 
are  the  same. 

Example  I. — With  order  of  drop  13  5  2  4 
Nos.  1  and  2  dies  wear  least  and  hollow  most, 
Nos.  4  and  5  wear  most  and  hollow  least,  because 


Nos.  1  and  2  have  more  ore  always  on  them  than 
4  and  5. 

Example  II. — With  order  of  drop  15  2  4  3 
Nos.  4  and  3  wear  least  and  hollow  most,  Nos.  1 
and  5  wear  most  and  hollow  least  for  the  same 
reasons  as  in  Example  I. 

Supposing  that  with  the  same  order  of  drop 
we  use  the  diagonal  service,  all  jets  being  the 
same  size,  the  results  as  far  as  wear  goes  are 
practically  the  same.  The  difference  being  that 
the  dies  are  less  inclined  to  hollow,  because  the 
water  playing  on  the  dies  washes  off  the  crushed 
particles  and  leaves  a  clean  amount  of  ore  on 
clean  dies  ready  for  the  next  blow  of  the  stamp. 
In  my  opinion  the  cause  of  "caving  "  is  the  fact 
that  after  the  stamp  has  struck  its  blow,  the 
crushed  particles  remaining  on  the  dies  are 
gradually  ground  in,  as  they  are  being  added  to 
with  each  drop  of  the  stamp  and  is  not  due  to 
steel,  softness  of  the  die,  or  swirl  of  the  pulp.  If 
swirl  took  place  the  contents  of  the  cavity  of  a 
die  would  not  remain  an  almost  solid  mass. 


Grading. 

+       36 

19 "5  per  cent 

+     100 

6-2 

+     400 

L2-8       „ 

+  1,600 

13-3       „ 

+       60 

50       „ 

+       90 

9-7       „ 

-       90  ...         33-5 

The  grading  of  the  contents  of  the  cavities  of 
a  die  will  help  to  support  my  opinion,  and  the 
inspection  of  this  piece  will  show  the  absence  of 
steel. 

To  remedy  this  banking  and  hollowing  of  dies 
it  is  advisable  to  use  a  sufficient  quantity  of 
water  distributed  on  each  die,  in  proportion  to 
the  way  in  which  the  individual  dies  are  cleared 
by  their  respective  stamps. 

For  instance,  with  13  5  2  4  the  jets  regulated 
thus  will  give  best  results,  Nos.  1,  2  and  3  full 
open,  No.  4  half  open,  and  5  three-quarters  open. 
It  will  be  observed  that  where  the  ore  banks 
most,  the  larger  quantity  of  water  is  used  and 
vice  versa.  By  using  too  great  a  quantity  of 
water  we  get  dies  slightly  rounded  on  the  surface — ■ 
exactly  the  reverse  of  the  case  where  water  has 
been  used  to  sparingly.  If  it  is  desired  to  take 
the  "cave"  out  of  a  die  it  is  advisable  to  feed 
fine  and  use  plenty  of  water. 

I  would  like  to  make  one  suggestion  in  refer- 
ence to  tlh-  diagonal  service  in  use  at  present. 
Instead  of  using  only  5  jets,  7  I  think  would 
give  better  results,  distributed  as  follows:  one  on 
each  die  as  at  present,  the  two  additional  jets  to 
be  put  in,  one  at  each  corner  of  the  box  in  order 
to  wash  round  the  sides,  where  most  of  the  bank- 
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ing  takes  place,  especially  at  the.  1  2  end  when 
the  order  of  drop  1  3  5  2  4  is  used. 

I  would  like  to  make  it  understood  in  conclu- 
sion that  the  foregoing  remarks  have  been  made 
without  any  consideration  for  amalgamation. 

Since  writing  the  above  1  have  read  the 
President's  remarks  at  last  meeting,  urging  mill 
men  with  heavier  stamp  experience  to  bring  for- 
ward their  views.  1  hope  I  shall  not  be  the  only 
amalgamator  to  assist  in  solving  one  of  the  many 
problems  we  are  faced  with  daily. 

The  Chairman  :  Mr.  Urquhart  is  one  of  our 
Associates,  and  I  should  like  to  say  that  in  bring- 
ing forward  this  contribution  to  the  discussion  he 
has  set  a  very  good  example  to  the  other  Associ- 
ate members  of  the  Society. 

Prof.  J.  A.  Wilkinson  (Member  of  Council) 
read  the  following  contribution  : 

THE   BARBERTON  GOLDFIELD. 
(Read  at  October  Meeting,  1009.) 


By  A.  Richardson,  M.LM.M.  (Member  of 

Council). 

DISCUSSION. 

IVlr.  Tudor  G.  Trevor  (Member)  :  With  regard 
to  Mr.  Kid  i  a  id  son's  paper  on  the  Barberton 
Goldfield,  published  in  the  October  Journal,  he 
states  under  the  heading  "  History  "  : — 

"  Although  the  history  of  Barberton  dis- 
trict may  be  said  to  have  begun  with  the 
diggers  of  1882,  there  were  many  evidences 
discovered  by  them,  such  as  the  remains  of 
properly  graded  roads,  mining  works,  and  old 
smelting  pits  containing  small  quantities,  of 
smelted  gold,  suggesting  an  Arabic  civilization 
of  pre-Mahommedan  date,  and  also  old  workings 
probably  of  Kafir  origin  of  a  few  generations 
back.  It  is  highly  probable  that  the  operations 
of  some  earlier  race,  of  which  we  have  only  the 
faintest  records  to-day,  may  in  some  measure 
account  for  the  comparative  poverty  of  modern 
South  Africa  in  alluvial  auriferous  deposits." 

I  have  for  many  years  taken  a  great  interest  iii 
the  question  of  "Id  workings  iii  this  country  and 
Rhodesia,  and  have  made  it  my  business  t"  \i  n 
all  that  I  could  hear  of.  Since  the  war  my 
official  work  has  given  me  a  very  intimate  know 
ledge  of  the  he  Kaap  fields,  and  tie  ugh  I  have 
made  constant  enquiries  as  to  ancient  workings, 
1  have,  with  two  exceptions,  been  unable  to  find 
any  in  this  district.  The  exceptions  are  the 
very  large  native  iron  workings  near  Malelane 
and  on  the  Swa/iehiml  border  at  tndumene  near 
the  llaveloek  <  'oncession. 

hi  the  Lydenburg,    North    Middelburg,  /.out 
pansberg  and  Waterberg  districts  old   workings 


that  can  undoubtedly  be  described  as  ancient, 
are  so  numerous  that  their  absence  in  the  De 
Kaap  has  always  struck  me  as  peculiar,  and  1 
should  be  extremely  glad  to  hear  of  any  places 
in  that  district  where  they  can  be  found. 

I  have  frequently  heard  people  attribute  the 
natural  cases  in  the  Black  lleef  sandstone-  ;it  the 
Kantoor  to  "  Phoenician  Workings,''  but  these 
aiv  obviously  natural,  and  similar  caves  occur  all 
along  the  edge  of  the  berg  from  Swazieland  to 
Zoutpansberg.  The  heaps  of  stones  which  the 
former  Basuto  occupants  of  the  De  Kaap  and 
Steynsdorp  valleys  collected  in  their  fields,  and 
the  rough  terraces  which  they  similarly  made  on 
their  hillside  agricultural  lands,  and  which  remain 
to  this  day,  I  have  likewise  heard  attributed  to 
ancient  alluvial  work  and  roads  ;  but  as  these 
occur  without  any  regard  to  whether  the  ground 
is  mineralised  or  not,  and  as  they  can  be  seen  in 
the  course  of  construction  to-day  near  every 
native  Basuto  kraal,  such  a  theory  for  their 
origin  is  obviously  absurd. 

This  question  of  the  ancient  occupation  of 
Eastern  South  Africa  by  a  mining  race  is  so 
interesting,  that  it  is  extremely  important  that 
the  real  evidence  of  its  existence  should  not  be 
smothered,  just  as  attention  is  being  drawn  to  it, 
in  a  mass  of  false  evidence  and  wild  supposition. 

In  Rhodesia,  this  habit  of  attributing  every- 
thing to  a  mysterious  and  wonderful  ancient  race, 
has  led  to  the  undoubted  evidence  of  that  race 
being  so  obscured,  that  first  class  investigators, 
despairing  of  ever  being  able  to  sort  out  the  true 
evidence  from  the  false,  have  denied,  in  toto,  the 
existence  of  the  race,  and  I  therefore  think  that 
before  the  statement  I  refer  to  receives  the  impri 
matur  of  the  Society,  the  evidence  for  it  should 
be  put  on  record. 

THE    CONTINUOUS    COLLECTION    OF 
SAND    FOB    CYANIDING. 


(Bead  at  October  Mi  ding,  1909.) 

\\\      W.     A.    Caldecott,     M.lnst.M.M.    (Past- 
President  ). 

DISCUSSION. 

The  Chairman  :     In  ( iparing  the  experi- 
mental  plant   originally  erected  on  the  Knights 

Deep  with  tl ne  now  in  regular  use  ontheSimmer 

Deep,  two  important  improvements  have  been 
introduced.  The  first  is  washing  the  underflow 
from  the  p'iin.ii\  cones  before  it  enters  the  table 
cones.  This  enables  the  table  to  do  much  more 
work,  as  in  the  early  experiments  we  found  that 
the  presence  of  .slime  hindered  the  filtration  and 
reduced   t  he  capacity  of  ihe  table. 
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The  other  important  improvement  is  the  use  of 
a  diaphragm  in  these  large  cones.*  I  consider 
that  this  device  is  of  the  greatest  possible  value 
in  enabling  the  sand  filter  tables  to  run  smoothly 
and  avoid  sudden  rushes  of  thin  fluid  underflow. 
Diaphragms  have  been  introduced  in  the  classify- 
ing and  dewatering  cones  of  the  Simmer  East 
tube  mills.  Breakaways  are  of  very  rare  occur- 
rence and  the  cones  run  for  days  with  an  under- 
flow moisture  of  30%,  with  little  attention  other 
than  distributing  the  supply  of  pulp.  It  is  pos- 
sible to  have  so  large  an  aperture  (from  2  in.  to 
2|  in.  on  Simmer  East)  for  the  underflow  that 
chokes  rarely  occur. 

Mr.  C  0.  Schmitt  {Member)  :  The  Society 
is  to  be  congratulated  upon  having  had  this  very 
excellent  paper  by  Mr.  Caldecott,  who  has  given 
us  a  very  clear  statement  of  what  is  undoubtedly 
a  great  step  forward  in  the  metallurgy  of  gold, 
and  although  we  do  not  notice  any  extravagant 
claims,  as  pointed  out  by  Mr.  White,  there  is  no 
doubt  that  those  capable  of  judging  for  them- 
selves will  agree  that  a  real  advance  has  at  last 
been  made  in  the  treatment  of  sand. 

The  satisfactory  collecting  of  the  sand  contained 
in  the  final  pulp  leaving  the  battery,  preparatory 
to  treatment  is,  as  all  cyanide  men  know,  by  no 
means  a  simple  proposition.  It  is  obviously 
necessary,  in  order  to  facilitate  treatment,  to 
collect  the  sand  free  from  all  slime,  and,  as  we 
knovV,  this  is  not  by  any  means  always  done,  the 
slime  contents  of  collected  sand  being  some  times 
as  high  as  10%. 

Slime  pulp  should  be  treated  in  the  plant  pro- 
vided for  th«  purpose,  and  since  the  treatment  of 
slime  is,  as  a  rule,  less  expensive  than  the  treat- 
ment of  sand,  any  slime  retained  in  the  collected 
sand,  not  only  costs  more  to  treat  than  it  other- 
wise would,  but  it  also  displaces  sand  which  could 
be  handled  in  its  place,  quite  apart  from  the  fact 
that  the  presence  of  slime  in  the  sand  collecting 
vats  interferes  with  the  treatment.  This  is 
obvious  to  all,  but  the  matter  is  so  important 
that  it  will  bear  quite  a  lot  of  repetition. 

Bearing  in  mind  the  remarks  just  made,  and 
seeing  the  result  obtained  by  means  of  the 
author's  continuous  sand  collecting  plant,  one  can 
only  admire  the  author's  modesty  in  not  laying 
more  stress  upon  the  excellent  performance  of  the 
plant.  It  is  only  right  to  say  that  the  plant  at 
the  Simmer  and  Jack,  using  a  15  ft,  table,  and 
of  which  the  result  of  six  months'  work  is  given, 
is  only  of  an  experimental  nature  and  subject  to 
the  usual  infant  ailments,  and  the  writer,  for  one, 
has  no  doubt  that  the  result  from  running  on  a 
large  scale  at  the  Simmer  Deep  will  show  improve- 
ments,  when  the  author  furnishes  additional  in- 

*  See  this  Journal,  March,  1909,  p.  312. 


formation,  as  it  is  to  be  hoped,  he  will  do  in  his 
reply. 

Many  will  no  doubt  object  to  the  introduction 
of  further  machinery  into  the  already  complicated 
reduction  plant,  and  the  writer  had  the  same 
feeling  when  the  introduction  of  the  new  method 
was  under  discussion.  Fortunately,  the  author 
was  able  to  dispose  of  any  such  objections  by 
pointing  out  in  his  paper  that  the  continuous 
running  of  the  filter  table  presented  no  difficulties; 
so  much  so  that  the  arrangements  made  for  tem- 
porarily reverting  to  the  old  style  of  working,  in 
case  of  temporary  failure,  have  not  so  far  been 
needed. 

The  author  claims  that  the  new  plant  does  the 
following  : — 

(1)  The  sand  collected  is  cleaner  and  contains 
less  slime  than  is  the  case  in  the  ordinary  plant. 

(2)  The  capital  cost  of  the  sand  plant  has  been 
reduced  by  nearly  40%. 

(3)  The  space  occupied  by  a  sand  plant  has 
been  reduced. 

(4)  The  time  of  treatment  is  reduced  to  about 
two-thirds  of  that  now  occupied. 

With  regard  to  item  3,  while  its  importance 
may  not  be  obvious  to  everyone,  all  those  whose 
business  it  is  to  lay  out  plants  will  no  doubt 
appreciate  it. 

The  question  of  capital  expenditure  will  appeal 
to  most,  and  since  the  saving  of  40%  on  the  sand 
plant  amounts  to  about  10%  on  the  whole  reduc- 
tion plant  the  result  accomplished  is  worthy  of 
considerable  praise.  The  saving  on  capital 
account  may  be  still  further  increased  by  provid- 
ing only  one  set  of  treatment  vats,  and  while  this 
may  not  be  acceptable  for  very  high  grade  propo- 
sitions there  will  be  many  instances  where  it 
could  be  justified. 

Considering  the  question  of  cleaner  sand,  the 
importance  of  which  has  already  been  referred  to, 
the  author  stated  that  the  percentage  of  slime 
was  raised  from  32%  to  40%,  a  difference  of  8% 
which  Mr.  White  chose  to  call  fine  sand  sent  to 
the  slimes  plant.  The  author  deliberately  stated 
that  less  than  1%  of  slime  was  present  in  the 
collected  sand  and  since  there  is  up  to  10%  of 
slime  in  the  product  usually  termed  sand  there  is 
apparently  no  need  for  Mr.  White's  remark.  In 
order  to  clear  up  this  point  the  writer  trusts  that 
the  author  will  furnish  a  complete  grading 
analysis  of  the  average  product  at  the  Simmer 
1  >eep. 

The  tendency  all  over  the  world  is  towards  all 
sliming,  and  in  view  of  the  ease  with  which  the 
average  slime  is  treated,  this  is,  in  many  cases, 
quite  justified.  In  view  of  the  result  obtained  it 
is  obvious  that  the  author  has  done  quite  a  good 
deal  towards  the  desired  end,  and  (in  the  writer's 
opinion)  more  than  those  who  propose  to  spend  a 
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.shilling  in  crushing  and  grinding,  to  save  sixpence 
in  the  cost  of  the  succeeding  treatment.  We  are 
not  by  any  means  at  a  stage  where  the  sand 
plant  can  be  discarded,  and  in  this  connection  the 
writer  remembers  a  conversation  he  had,  a  few 
months  ago,  in  London  with  one  of  our  Past- 
Presidents,  .Mr.  Charles  Butters,  who,  in  explain- 
ing plans  and  photos  of  a  plant  designed  by  him 
and  erected  in  Mexico,  proudly  pointed  out  the 
success  of  all-sliming.  Upon  closer  investigation, 
however,  it  was  found  that  the  particular  plant 
did  contain  a  sand  plant,  and  the  explanation 
offered  was  that  this  was  added  when,  upon 
work  having  started,  it  was  found  that  the  pro- 
duct from  the  crushing  and  grinding  plant  did 
contain  what  is  usually  termed  sand  and  which 
did  not  yield  sufficient  of  its  precious  metal  con- 
tents to  the  persuasion  of  the  slime  treatment 
alone.* 

The  paper  is  so  well  written,  and  all  statements 
were  apparently  so  carefully  weighed  before  being 
offered  to  the  Society  that  it  is  hard  to  find  fault, 
but  in  the  writer's  opinion  the  author  did  not  lay 
sufficient  stress  upon  that  portion  of  the  work 
which  is  done  by  the  cone  classifiers,  supple- 
mented by  the  ingenious  device  he  calls  diaphragm. 
It  appeals  to  the  writer  that  the  insignificant 
looking  diaphragm  has  as  much  t>  do  with  the 
success  of  the  continuous  sand  collecting  plant  as 
the  filter  table,  although  there  is  a  considerable 
difference  in  the  cost  of  the  two  items.  A 
description  of  the  diaphragm  as  applied  to  the 
cone  classifier  used  in  tube  milling  appeared 
some  time  ago,f  but  a  little  more  information 
regarding  its  application  in  the  continuous  sand 
collecting  plant  would,  no  doubt,  be  welcome. 

The  writer  wishes  to  apologist'  for  these  some- 
what disjointed  remarks,  and  trusts  that  others 
more  fit  will  come  forward  to  discuss  Mr.  Calde 
cott's  very  interesting  paper  in  the  manner  it 
deserves. 

The  meeting  then  closed. 

Contributions  and  Correspondence. 

RESEARCHES    UPON    THE    TELLURIDE 

GOLD  ORES  OF  CRIPPLE  CREEK 

(COLORADO). 


In  the  July  issue  of  this  Journal,  p.  1 !),  Dr.  Moir 

criticises  some  of  the  chemical  theories  advanced 
by  the  authors  of  this  paper  as  explanations  of  the 
effects  upon  Bulpho-telluride  gold  ores  of  solutions 
containing  cyanides,  persulphate*,  and  iodine. 
While  some  of  these  explanations  certainly 
require  further  proof,  at  least  one  of  the  criticisms 
appears  to  be  unfounded. 

See  also  ''All-Sliming,"  bj    E.   M.   Hamilton,  Mining  and 
Scientific  Press,  August  21,  1909. 

t  Journal  of  S. A. A.Eiig.,  vol.  iciv.,  No.  .">. 


The  authors  (May   Journal,    p.  400)  remark  : 

"sodium  tldosulphate,  Na2S203,  being  tonne. 1 
by  the  action  of  the  persulphate  upon  the  pynte, 
is  probably  further  oxidised  to  Na2S406  (tetra- 
thionate)."  This  appears  to  be  the  statement  to 
which  Dr.  Moir  specifically  objects,  as  not  being 
borne  out  by  the  facts,  when  he  writes  that  "  the 
only  conceivable  substances  producible  from 
pyrites  are  SO.,  and  1LSO,."  As  to  the  precise 
effect  of  oxidation  of  pyrite  by  means  of  persul- 
phate I  have  no  experimental  data,  but  as  to  the 
oxidation  of  pyrite  in  general  Dr.  Moir  is 
evidently  in  error.  In  the  slow  oxidation  of 
pyrite  in  natural  deposits  by  atmospheric  agencies 
we  occasionally  find  native  sulphur  as  one  of  the 
products,  in  addition  to  the  various  sulphates  of 
iron  enumerated  by  writers  on  economic  geology, 
and  when  moist  pyritic  concentrates  are  exposed 
to  air  en  masse  hydrogen  sulphide  is  often  evident.* 
Also  when  pyritic  ore  is  exposed  to  water  con 
tabling  lime  (and  presumably  any  other  alkaline 
hydroxide  w<  uld  act  similarly)  thiosulphate  may 
be  detected  in  the  resulting  solution.  I  am  not 
prepared  to  say  that  an  absolutely  pure  cubic 
pyrite  would  yield  thiosulphate  when  exposed  to 
lime  water,  but  this  result  is  certainly  met  when 
even  moderately  pyritic  ores  from  some  of  the 
mines  in  the  western  United  States  are  mixed 
with  lime  and  water  with  partial  access  of  air. 
This  effect  is  particularly  notable  with  certain 
ores  containing  both  pyrite  and  pyrrhotite. 

Several  years  agof  I  included  thiosulphate 
among  the  compounds  that  might  be  found  in 
working  cyanide  solutions,  having  detected  it  in 
1896.  Since  that  time  I  have  found  it  in  solu 
tions  from  several  minis.  While  a  thiosulphate 
has  not  been  actually  isolated  from  such  solutions, 
and  occurs  only  in  small  proportions,  the  evidence 
of  its  existence  seems  unmistakcable,  and  its  source 
is  undoubtedly  either  pyrite  or  pyrrhotite 

Tests  show  :  (1)  the  presence  of  a  compound 
of  sulphur  which  is  neither  a  sulphide,  sulphate, 
or  thiocyanate.  After  long  boiling  with  addition 
of  bromine  the  S  finally  found  by  precipitation 
as  l,,aS01  is  slightly  greater  than  the  sum  of   the 

quantities  in  the  sulphate  and  thiocyanate  found 

in  the  original  solution,  no  sulphide  being  present. 

(2)    On  acidification  with   IU'1  or  ll.S<  \    there 

is  a  liberation  of  S02  and  a  slow  precipitation   of 

sulphur. 

(.".)  After  neutralisation  or  acidification  it 
absorbs  iodine. 

<  1 1  Alter  acidification  with   II  ,S<  \  it   reduces 

permanganate      sometimes  rather  slowly. 

It  seems  very  probable  that  this  thiosulphate 
is  formed  by  the  oxidation  of  alkaline  sulphides 
resulting  from  the  action  of  solutions  containing 

See  thia  Journal,  vol.  ii..  1897.  \>\<-  98  and  122. 
I  Journal  American  CI ical  S ty,  May,  1897,  p.  i"i. 
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free  alkali  on  iron  sulphide,  for  in  rare  cases  I  Lave 
detected  sulphide  in  such  solutions  immediately 
after  flowing  from  sulphuretted  ctiarges,  but  failed 
to  find  it  in  the  same  solutions  a  short  time  sub- 
sequently. In  absence  of  cyanide  the  thiosul- 
phate  is  probably  oxidised  later  to  tetrathionate  and 
sulphate,  but  in  presence  of  alkaline  cyanide,  by 
far  the  larger  proportion  of  the  sulphur  taken  up, 
finally  forms  thiocyanate,  which  may  accumulate 
in  very  considerable  quantity  when  pyrite- 
pyrrhotite  ores  are  treated.  Thiocyanate  is  the 
principal  cause  of  the  reducing  effect  observed 
when  cyanide  solutions  are  titrated  with  perman- 
ganate after  acidification.  This  test  is  part  of 
the  daily  routine  at  some  works.  At  the  Home- 
stake  plants,  South  Dakota,  the  "  reducing 
power"  is  daily  determined  for  each  class  of 
solution,  and  is  reported  numerically  as  "c.cs.  of 
A/ 10  permanganate  required  to  oxidise  100  c.cs. 
of  the  solution  tested.  In  practice  5  to  50  c.cs. 
are  taken  for  the  test,  and  the  reducing  figure 
found  may  vary  from  5  to  500  or  even  higher — 
that  is  to  say,  100  c.cs.  of  solution,  after  acidify- 
ing with  sulphuric  acid,  will  require  5  to  500  c.cs. 
of  iV/10  permanganate  to  produce  a  permanent 
pink  tinge.  The  value  500,  for  instance,  corre- 
sponds to  about  0-81%  of  KCNS  in  solution,  or 
0-267%  of  S.* 

The  following  may  be  cited  to  show  the  extent 
to  which  sulphur  passes  into  solution  during  con- 
tact of  ore  with  lime  water.  A  charge  of  about 
600  tons  of  mill  tailings  free  from  slime  with  about 
800  tons  of  water  was  run  by  a  revolving  distri- 
butor into  a  vat  previously  almost  full  of  clear 
water,  2,400  lb.  of  lime  being  uniformly  mixed 
with  the  pulp  in  the  launder  leading  to  the  dis- 
tributor. Charging  occupied  8  hours.  The  tail- 
ings contained  slightly  over  4%  of  sulphur  as 
pyrite  and  pyrrhotite  with  a  small  proportion  of 
arsenical  pyrites,  no  other  sulphide  being  present; 
the  lime  carried  at  least  80%  of  available  CaO, 
the  water  contained  lime  and  magnesia,  but  only 
traces  of  sulphate.  As  soon  as  charging  was 
complete  the  surface  water  was  siphoned  off  the 
sand,  and  a  bottom  valve  was  opened  to  allow  the 
mass  to  drain  for  16  hours,  during  which  time 
some  oil  |(,  (JO  tons  flowed  out,  samples  being 
taken  hourly.  The  first  two  samples  were  dis- 
regarded as  they  contained  traces  of  KCN  and 
KCNS  derived  from  a  little  solution  remaining 
under  the  filter  bottom  ;  later  samples  showed 
no  trace  of  either.  The  average  effluent  contained 
'05  to  "06  l.  !aO  by  precipitation  as  oxalate  ;  tests 
of  the  alkalinity  by  standard  acid  snowed 
uniformly  a  very  slightly  higher  result,  owing  to 
the  presence  of  traces  of  soda  in  lime  and  water. 
The  average  absorption   of  iodine  (using  starch 

*  The  permanganate  consumed  by  cuprous  compounds  is  very 
small  here,  and  the  ferrocyanide  exists  only  in  infinitesimal  quan- 
tities. 


indicator)  was  2-8  c.cs.  of  Ar/10  I  per  100  c.cs.  On 
acidification  a  distinct  odour  of  SO.,  was  noted. 
Xo  indication  of  sulphide  was  found.  Supposing 
that  all  the  iodine  was  consumed  by  CaS..O. 
(1  at.  1  =  2  at.  S)  100  c.cs.  of  this  solution  con- 
tain 2-8  x -0064  =  0-018  gm.  S,  or  0018%  S. 
Then  the  entire  55  tons  or  thereabout  of  effluent 
contain  approximately  '55  x  -018  or  -01  ton  of 
sulphur  as  thiosulphate.  But  the  600  tons  of 
tailings  from  which  it  was  derived  contained  over 
4%  S  or,  say,  25  tons.  Hence  only  about  004% 
or  one  part  in  2,500  of  the  total  sulphur  in  the 
charge  is  thus  removed  in  the  preliminary  drain- 
ing, the  time  of  contact  having  averaged  less  than 
12  hours.  Some  remained  dissolved  in  the 
moisture  adhering  to  the  drained  tailings  ;  this 
moisture  carried  a  slightly  higher  percentage  of 
sulphur  and  CaO;  this  was  partly  drained  off 
later  by  displacement,  and  partly  mixed  with  the 
first  ongoing  cyanide  solution  ;  this  mixture  was 
removed  as  "  low  solution,"'  treated  with  zinc,  and 
then  passed  out  of  the  system.  Such  sulphur  as 
dissolves  later  in  the  treatment  remains  in  large 
part  in  the  stock  solution,  where  it  gradually 
accumulates  as  thiocyanate  and  sulphate. 

The  extent  of  this  accumulation  of  sulphur  in 
the  circulating  system  is  shown  by  a  calculation 
made  on  the  stock  solution  at  a  time  when  the 
"reduction  test"  indicated  500  c.cs.  of  A/10 
permanganate  consumed  per  100  c.cs.  of  solution. 
As  before  noted,  this  corresponds  to  0-267%  of  S 
as  thiocyanate,  while  the  S  in  the  form  of 
sulphate  was  found  to  be  about  0  015%,  or  about 
one-eighteenth  of  the  former.  At  these  per- 
centages the  entire  stock  of  solution  (nearly 
4,000  tons  at  this  plant)  contained  over  10  tons 
of  sulphur  as  thiocyanate  and  half  a  ton  as  sul- 
phate. 

The  number  of  tons  of  tailings  required  to 
yield  these  ten  or  more  tons  is  not  directly  deter- 
minable, as  the  exact  proportion  of  the  stock 
solution  daily  discarded  is  not  easily  ascertained. 
Some  idea  of  the  rate  of  solution  may  be  got  by 
going  back  to  the  previous  instance.  From  600 
tons  of  tailings,  after  about  12  hours'  contact, 
some  55  tons  of  water  removed  about  0"01  ton  of 
sulphur.  The  total  solution,  etc.,  percolating 
during  the  treatment  of  this  charge  was  over  ten 
times  this  volume,  at  the  same  rate  the  entire 
charge  would  lose  0*1  ton  of  S.  Approximately 
1,000  charges  are  treated  in  one  year  at  this 
plant,  or  about  100  tons  of  sulphur  are  dissolved 
in  that  period  if  this  class  of  ore  is  maintained. 

The  figures  given  are  obviously  round  numbers, 
but  approximate  fairly  to  the  actual  values,  and  at 
any  rate  serve  to  show  that  the  products  other 
than  sulphates,  obtained  in  leaching  pyritic 
materials,  while  small  in  relation  to  the  total 
sulphur  of  the  ore,  are  by  no  means  negligible  in 
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quantity.  While  the  exact  mechanism  of  the 
reactions  is  not  definitely  known,  it  is  plain  that 
even  the  thiocyanate  is  an  oxidation  product.' 

W.  J.  Sharwood. 
Lead,  S.  Dak..  U.S.A.,  Sept.,  1909. 


Mr.  Sharwood  is  quite  correct  about  the  separa- 
tionof  sulphur  andhydrogen  sulphide  from  pyrrho 

tite  under  certain  conditions  :  but  as  the  original 
authors  didnot  mention  the  existenceof  pyrrhotite, 

my  remarks  were  intended  for  true  pyrite.  How- 
ever, I  entirely  disagree  with  Mr.  Sharwood  as 
to  the  evidence  for  the  presence  of  thiosulphate 
in  these  solutions,  and  in  any  case  NH4S04  is  so 
energetic  that  it  would  destroy  both  thiosulphate 
and  tetrathionate.  I  cannot  understand  in  the  firsl 
place  why  ferrocyanide  should  lie  infinitesimal 
whilst  sulphocyanide  is  high  ;  for  experiment 
shows  that  the  first  action  of  cyanide  on  FeS 
or  pyrrhotite  is  to  form  ferrocyanide  arid  mono- 
sulphide.  (1)  I  am  not  satisfied  that  a  deter- 
mination of  total  S  as  llaSO.  is  accurate  enough 
in  this  case  to  prove  the  existi  nee  of  anything 
beyond  sulphide,  sulphate,  and  sulphocyanide. 
Mr.  Sharwood  should  try  to  destroy  zinc  ferri 
cyanide  :  he  will  find  that  it  is  almost  impos- 
sible to  remove  it  (when  present)  from  the 
BaS04  precipitate.  ('_')  1  have  never  detected 
S(  ) .,  from  such  a  solution  :  I  have  seen  a  tur- 
bidity on  acidifying,  which  is  probably  due  to 
decomposition  of  a  disulphide.  (3)  Absorption 
of  iodine  proves  nothing  :  it  might  even  be  due 
to  formic  acid.  (4)  Slow  reduction  of  perman 
ganate  is  certainly  not  due  to  thiosulphate  or  S<  >., 
it  is  more  like  the  behaviour  of  finely  divided 
sulphur.  (5)  I  do  not  believe  that  tetrathionate, 
once  formed,  could  get  oxidised  to  sulphate  by 
tin' air.  There  are  plenty  of  specific  tests  for 
the  thiosulphate  radicle,  and  1  hope  Mr.  Sharwood 
will  try  them  with  his  solutions,  because  here  1 
ran  only  work  with  artificial  mixtures,  as  our 
working  solutions  do  not  contain  anything  but 
ferrocyanide  and  sulphocyanide. 

.1  \M  is    .Moil;. 
Johannesburg,  Nov.,   L909 

STOPE   MEASUREMENTS. 


With  regard  to  Mr.  K.  Tonnesen's  remarks  I  have 
to  say,  (1  i  that  now  that  I  ha  \e  seen  his  diagram,  I 
agree  that  Mr.  <  >.  Ton nesen's calculation  of  area  is 
substantially  correct,  but  think  1  was  justified  in 
charging  him  with  obscurity,  seeing  that  he  led 
me  to  suppose  that  his  "circumscribed  |  arallelo 
gram"  corresponded  to  the  circumscribed  triangle 
—which  1  now  find  it  docs  nut  :  (2)  as  for  Mr. 
Coaton's   calculation,    1   said  expressly   that    the 

\Y.  A.  <    il<ti    ••II,  this  .limriril,  March,  L908,  p.  267, 


parabola  is  the  same  as  the  catenary  near  the 
bottom  (i.e.,  tape  horizontal);  hence  it  is  no 
wonder  that  the  error  is  less  than  1  in  1,000  in 
the  case  considered.  Mr.  Coaton  will  find  that 
even  if  he  assumes  the  curve  to  be  a  circle,  the 
result  will  be  almost  as  close,  and  1  daresay  any 
curve  he  likes  will  give  A  r.S/  like  the  parabola 
provided  the  tajn  is  horizontal.  Curiously  enough, 
though  Mr.  Coaton's  result  is  correct  his 
formula    for    the    area    is  wrong:    it  should  be 

2(xy  —  a2$inh  '   J  or  alternatively  (ax   -a2)e      + 


ax  +  a?)e 


-  •'■ '" 


On    the    other     hand,     my     own 


duly    are    correct, 
The  sag  (measured 

should      have      been 


higher  mathematics  "  of 
but  my  arithmetic  is  wrong 
at    right   angles    to    tape) 

(i.e.,  half  of  what    I    said  in   July),   and 
consequently  the  area  should  be  |S£(  1   ! 


Mr  ( ).  Tonnesen's  formula  only  holds  when  the  tape 

is  fairly  level  ;   the  above  holds  up  to  50    or  60    : 

when  the  tape  is  nearly  vertical    the   area   cannot 

be  expressed  in  terms  of  the  sag,  as  the  curve  is 

c  ■'  '' 
then  the  exponential  one  y=  -< 


James  Moir, 


Johannesburg, 

November  19   1909. 


MINK  VALUATION. 


Under  General  Business  last  month,  Mr.  Wade 
suggested  the  calculation  of  ore  developed  in  a 
block  by  using  the  horizontal  area  and  the 
"  vertical  width  "  of  the  reef,  in  order,  by  some 
unexplained  process,  to  take  into  account  the 
iiillnence  of  dip  and  width  on  working  i 
This  is  a  fantastic  suggestion,  which  is  motl 
unlikely  to  find  favour  on  anj  class  of  mining 
field.  Even  if  Mr.  Wade's  proposal,  which  is 
virtually  an  attack  on  accepted  methods,  were 
followed,  we  should  require  accurate  records  of 
dip  fur  other  purposes  and  also,  to  get  the  best 
results,  sampling  would  still  be  done  at  right 
angles  to  dip  when  possible.  Tine  stope  widths 
would  also  continue  to  be  an  essential  item.  In 
any  case,  therefore,  we  gel  all  the  data  required 
for  calculation  by  the  ordinarj  methods.  Why, 
then,  work  on  a  practically  useless  figure  such  as 
vertical  width'     To  take  an  example  typical  "t 

the  Kan. I:  a  5  ft.  stope  Would,  at  |l>  dip.  have  a 
7s  in.  vertical  width  and  at  lit:  .  a  l20  in.  width. 
These  Bgures,  78  in.  and  120  in.,  have  do  value 
as  factors  in  an  ore  reserve  estimation.  The 
ratio  is  quite  useless  for  indicating  relative  ('•  sts. 
Under  any  circumstances,  the  final  valuation 
must  be  based  on  pn  fits,  and  it  is  in  the  estiina- 
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tion  of  working  costs  that  allowance  for  the  in- 
fluence of  dip  and  the  host  of  other  factors 
should  logically  be  made.  Mr.  Wade  himself 
admits  that,  the  dip  only  affects  the  position  in 
some  cases.  The  scheme's  only  apparent  advant- 
age is  that  it  may  save  errors  of  measurement 
due  to  misjudgment  of  true  perpendicular.  This 
benefit'  is  of  small  importance.  Mr.  Wade's 
scheme  has  certainly  the  merit  of  originality, 
though  possibly  the  novelty  ol  the  idea'is  in  part 
explained  by  its  lack  of  practical  utility. 

Ralph  Stores. 
Johannesburg,  Nov.,  1909. 


Notices  and  Abstracts  of  Articles  and 
Papers. 


CHEMISTRY. 
The  Chemistry  of  Zinc  Smelting.— "As  the 
result  of  experimental  investigations,  Mr.  V. 
Lepiarczyk  (Metallurgie,  July  8)  finds  that  pure  zinc 
sulphide  can  be  masted  completely  to  zinc  oxide, 
provided  the  conditions  are  such  as  enable  the  result- 
ing zinc  sulphate  to  undergo  decomposition  and  allow- 
free  escape  to  the  sulphur  dioxide  or  trioxide  formed. 
The  imperfect  elimination  of  sulphur  in  roasting 
blende  is  due  — apart  from  incomplete  decomposition 
of  the  zinc  sulphate — to  the  presence  of  iron,  either 
as  oxide  (which  forms  ferrous  sulphide,  and  also  pre- 
vents the  roasting  of  a  portion  of  the  zinc  sulphide, 
causing  a  loss  of  0%  of  sulphur),  or  as  pyrites,  which, 
in  spite  of  the  presence  of  a  large  proportion  of 
calcium  carbonate,  checks  the  formation  of  sulphate 
and  gives  a  loss  of  9J%  of  sulphur.  A  still  more 
injurious  effect  is  due  to  calcium  carbonate,  which  is 
transformed  into  sulphate,  and  causes  a  loss  of  12% 
of  sulphur.  In  reduction  distillation,  a  portion  of 
the  calcium  sulphide  formed  by  the  reduction  of 
calcium  sulphate,  reacts  on  the  latter  to  form  lime. 
The  metallic  sulphides  are  attacked  by  the  carbon,  a 
portion  of  the  zinc  sulphide  being  volatilised,  and  the 
ferrous  sulphide  still  more  strongly  affected.  In  the 
muffle,  with  exclusion  of  air,  two  molecules  of  ferric 
oxide  react  on  four  molecules  of  zinc  sulphide,  the 
simultaneous  presence  of  carbon  leading  i  o  the  forma- 
tion of  metallic  iron  and  zinc,  together  with  carbon 
monoxide  and  carbon  disulphide,  this  substance 
being  also  formed  during  the  reaction  of  carbon  on 
zinc  and  iron  sulphides.  In  the  presence  of  zinc 
oxide,  ferrous  oxide  and  mangancus  oxide,  no  calcium 
sulphide  results  from  the  reaction  of  carbon  on 
calcium  sulphide,  lime  alone  being  produced.  The 
practical  conclusions  drawn  are  to  the  effect  that, 
whilst  the  iron  almost  invariably  present  in  zinc 
blende  has  a  slightly  injuiious  effect  by  preventing 
the  roasting  of  a  small  portion  of  the  zinc  sulphide, 
it  is  very  useful  in  zinc  smelting  when  present  in  the 
form  of  ferric  oxide.  The  reasons  for  this  are,  firstly, 
that  it  reduces  to  the  condition  of  oxide  any  of  the 
zinc  sulphide  that  has  escaped  roasting,  and  thus 
renders  the  same  accessible  to  the  processes  of  reduc- 
tion and  distillation  ;  and,  secondly,  because  it  fixes 
the  sulphur  resulting  from  the  reduction  of  calcium 
sulphate,  and  prevents  the  same  from  combining  with 
zinc.  Consequently,  in  order  to  increase  the  yield  of 
zinc,  it  is  advisable  to  add  ferric  oxide  when  charging 
the  muffle  in  the  case  of  roasted  calcareous  blende. 
On  the  other  hand,  the  necessity  for  such  addition 


could  be  obviated  by  eliminating  the  greater  portion 
of  the  lime  from  the  ore  previous  to  roasting— if 
possible,  concurrently  with  the  washing  of  the  ore. 
In  such  case  the  roasted  blende  would  be  as  simple 
to  treat  as  roasted  calamine,  the  amount  of  ferric 
oxide  in  the  ore  being  sufficient,  in  the  absence  of 
calcium  sulphate,  to  convert  any  unroasted  zinc 
sulphide  into  zinc  oxide,  and  render  it  available  for 
reduction  to  metal.  No  appieciable  increase  in  the 
yield  of  zinc  can  be  expected  to  result  from  the  dimi- 
nution of  the  percentage  of  sulphide  sulphur,  so  long 
as  in asures  have  been  taken  beforehand  to  pre- 
vent the  formation  of  sulphate  sulphur,  the  latter 
being  transformed  into  the  foimer  in  large  quantities 
as  soon  as  the  reduction  process  begins,  and  combin- 
ing with  the  metal  and  not  with  the  calcium.  Heme 
more  extensive  roasting  would  nieiely  increase  the 
cost  and  lengthen  the  process,  without  any  appreci- 
able increase  in  the  production  of  zinc." — London 
Mini mj  J <>/t nm/,  Sept,  4,  1909,  p.  326.      (A.  R  ) 

White  Precipitate  Found  in  Zinc  Boxes. — 
The  while  precipitates  treated  in  this  paper  were 
received  from  the  Kendall  Gold  Mining  Co.,  of 
Kendall,  Montana.  The  analysis  of  the  oie  is  as 
follows  : — 


boss  on  ignition 

sio.,     ..; 

Abu..  ... 
Fe203  ... 
Cal)'      ... 

MgO     .. 

SO 


:;  ii; 

7.1  94 

111!  IS 

1-89 

3  15 

1  !I4 

46 


9s  •:;:>,  (sic) 
1-85% 


t  races 


CO., 
Na\ 

Agj       

Au=       ...  ...  ...  4-80d\vt.  perton 

An  outline  of  the  treatment  is  as  follows  : — 

1.  Ore  is  crushed  dry  to  |  in.  mesh  and  is  placed 
in  the  tanks  (dry)  with  1  Hi.  of  lime  per  ton  of  ore. 

2.  Tank  is  charged  with  strong  solution  (3  lb.  of 
KCy  per  ton  of  solution)  introduced  under  the  charge. 
(Time  S  hours. ) 

3.  Tank  is  bached  with  strong  solution  144  hours. 

4.  First  wash  run  on  lank,  strength  1  5  lb.  KCy  to 
ton  of  solution.     (Time  S  bonis.) 

.">.  Second  wash  run  on  tank,  strength  '.">  lb.  KCy 
to  ton  of  solution.     (Time  48  hours  ) 

o.    Fresh  water  run  on  tank.      (Time  20  hours.) 

7.  Tank  drained  8  hour?. 

8.  Tank  sluiced  4  bonis. 

Total  time  of  treatment,  10  days.  The  ore  value 
is  from  3  to  S  dwt. 

The  method  of  precipitation  of  the  gold  is  by 
means  of  zinc  shavings.  The  zinc  boxes  used  for  the 
strong  solution  are  above  the  storage  tanks  and  con- 
sist of  eight  double  boxes.  Each  double  box  (4  ft. 
14  ft.)  contains  two  rows  of  eight  compartments 
each;  seven  of  these  are  packed  with  zinc  and  the 
last  used  for  settling.  The  size  of  compartments  is 
H  x  H  x  2  ft. ,  and  the  bottom  slope  U  in  to  the  foot. 
Each  compartment  has  capacity  of  4\  cub.  ft.,  mak- 
ing an  aggregate  zinc  holding  capacity  of  520  cub.  ft. 
The  total  weight  of  zinc  in  the  above  described  boxes 
is  4,420  II).,  or  8£  lb.  per  cub.  ft.  The  amount  of 
solution  passing  the  strong  boxes  is  from  800  tons  to 
l.oiMi  tons  per  24  hours,  or  from  1  '5  tons  to  1  9  tons 
per  cub.  ft.  of  zinc  content. 

The  zinc  consumption  i.>  about  "5  lb.  per  ton  of  ore 
treated,  or  '09  lb.  per  ton  of  solution  in  circulation. 
The  zinc  shavings  are  cut  from  No.  9  sheet  zinc,  and 
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are  1-1, 400th  of  an  inch  in  thickness.  The  strength 
of  the  strong  solution  is  3  H>.  of  cyanide  per 
ton  and  protective  alkalinity  from  0  to  -2  lb. 
Very  little  lime  is  used  owing  to  the  oxidised 
condition  of  the  ore  and  the  absence  of  cyani- 
cides.  The  boxes  used  for  t  he  precipitation  of 
the  weak  solutions  and  the  wash  water  are  four  in 
number.  The  amount  of  solution  and  wash  passing 
the  above  boxes  is  from  500  tons  to  600  tons  per  24 
hours.  Precipitation  in  both  strong  and  weak  boxes 
can  he  called  good  ;  as  the  head  samples  to  the 
strong  boxes  run  from  60  dwt.  to  1*50  dwt.  per  ton, 
and  to  the  weak  boxes  from  -in  dwt.  to  "50  dwt.  per 
ton,  while  the  tail  samples  from  both  are  less  than 
ii I  dwt.  ;  this  result  is  considered  high.  The  zinc 
Bhavings  in  the  weak  boxes  become  somewhal  coated 
with  white  precipitates,  the  analysis  of  which  will 
follow.  The  total  consumption  of  cyanide  is  from 
■5  Mi.  to  (i  lb.  per  ton  of  ore  treated.  Both  strong 
and  weak  boxes  are  cleaned  up  twice  a  month.  One 
feature  of  the  acid  treatment  of  the  gold  slime  thai 
has  proved  exceptionally  successful  is  the  use  of 
steam  to  heat  up  the  solution,  near  the  end  of  the 
treatment,  as  the  acid  at  this  point  becomes  inactK  e, 
and  the  heating  of  the  solution  brings  about  a  violent 
action.  Hot  washes  are  found  much  more  effective 
than  cold  washes  in  dissolving  out  the  soluble  sul- 
phates. 

There  are  two  kinds  of  white  precipitates  formed 
at  the   Kendall   Mill.      White  precipitate  No.    1   is 

always    found    in    the   zinc   boxes   to  a  great er  or  less 
extent,  and  is  abundant  w  hen  mill   solutions  become 
foul  with  zinc  and  other  salts       It  is  found   most  in 
wash  water  hoxes  where  strength   of  free  cyanide  is 
low  and  when  gold  value  of  head  samples  to  hoxes  is 
low.      It  is  light  and  llocculent  and    floats  around   in 
the  hoxes  when  the  zinc  is  moved  slightly.      Then'  is 
little  or  no  protective  alkalinity  in  the  solution  when 
it  enters  the  zinc  hoxes. 

Analysis  of  White  Precipitate  No.  I. 
Water  at  100  0.  ...      506 

Loss  on  ignition..  ...     23'30 

ZnO  ...  ...     37'46 

Zn  =  3009  Zn(OH)2     l.VTI 

KiO.,      ..  1312 

\l..<  >. 584 

Pe.,0 ...  ...       L-55 

CaO       ...  ...  ...      362 

lUgO      ...  ...  ...      5-12 

so.        ...  ...  ...       4'42 

Au"        ...  .  .  ...  is 

Ag         ...  ...  ...     trace 

While  precipitate  No.  _'  was  taken  from  bottom  of 
acid  treatment  tank  alter  the  gold  slime  had  been 
treated  with  ll.su,  and  washed  out.  Ii  is  only 
slightly  soluble  in    II, so,   and    undoubtedly  comes 

from   the   while  plecipil  ate   I  No     1)   formed   in   the  zinc 

hoxes.  It  is  light  coloured  and  heavier  than  precipi- 
tate No.  I.  It  is  not  hard  to  wash  from  the  gold 
slime,  although  some  of  it  is  wa-he  !  out  with  the 
gold  slime  and  goes  to  the  melting  furnace. 

Analysis  of  White  Precipitate  No.  1. 

Water  at  LOO  C.  ...  257 

Loss  on  ignil  ion  ...  14  10 

ZnO       ...  ...  ...  207 

Sio.,        ..  ..  ...  1-69 

AI..O..  ...  ...  232 

I'e.o ...  ...  •:;:; 

CaO       ...  ...  35-19 

MgO      ...  ...  17 

SO.        ...  ..  ...  39-65 

An         ...  ...  ..  2*39 

Ag        ...  ...  .  trace 


The  writer  made  several  tests  on  the  solubility  of 
this  white  precipitate  in  KCy  solution  and  found 
that  the  precipitate  was  quite  soluble.  This  was 
reported  to  the  cyanide  man  at  the  Kendall  mill, 
who  increased  the  mill  solution  to  3  lb.  KCy  per  ton 
of  solution  with  1  lb.  protective  alkalinity,  and  has 
just  reported  that  he  is  now  troubled  with  very  little 
white  precipitate.  -R.  F.  Coolidge. — Thesis  sub- 
mitted to  South  Dakota  State  School  of  Mines. 
(H.  A.  W.) 

The  Fixation-  <>f  Atmospheric  Nitrogen  in 
Cyanide  M  ^nufacture.— "Spasmodic  attempt-  al 
the  manufacture  of  cyanide,  based  upon  reactions 
discovered  over  (ill  years  ago,  for  the  fixation  of 
atmospheric  nitrogen  .  as  an  alkaline — or  alkaline 
earthy— cyanide  have  from  time  to  time  been  made 
with  more  or  less  success,  but  1  do  not  think  that  a 
description  of  a  plant  which  was  in  use  in  the  early 
nineties,  but  subsequently  (dosed  down  owing  to  it^ 
unpayable  nature,  has  hitherto  appeared  in  print. 

The  works  I  refer  to  were  in  Scotland.  A  coal-gas 
works  was  obtained,  suitable  additions  were  made, 
the  process  being  carried  out  as  follows  :  Charcoal, 
selected  for  its  low  ash-contents  and  even  porosity, 
was  soaked  in  a  saturated  solution  of  potassium 
carbonate.  The  charcoal  was  drained  and  dried, 
charged  into  gas  retorts  and  dry  nitrogen  (from  the 
air),  deprived  of  oxygen  as  completely  as  possible, 
was  passed  over  the  heated  charcoal  (  Kl'i  >..)  until 
the  absorption  of  nitrogen  slackened.  The  charges 
were  then  "drawn,"  out  of  contact  with  air,  being 
cooled  by  the  incoming  dry  nitrogen,  and  fresh 
charges  introduced.  On  the  average,  about  25  per 
cent,  of  the  potassium  salt  was  converted  into 
cyanide  by  the  following  reaction:  K.,<  o .,  •_'('. 
S  2KCN  3CO.  At  the  same  time  a  certain 
amount  of  metallic  potassium  was  ftfrmed  by  the 
reduction  of  the  carbonate  with  charcoal:  K ._.<  !Oa 
C2=K2+3CO.  The  carbon  monoxide  under  certain 
undefined  conditions  formed  a  carbonyl  (potassium 
culionyl)  K6(CO)8,  which  has  explosive  properties. 

The  crude  cyanide  so  produced  was  subjected  to 
systematic  lixiviat ion  and  the  saturated  solution  oi 
K  ,<  'o..  K0N  decomposed  by  the  C02  present  in 
gases  from  a  slow  combustion  furnace  fed  with  »as- 
coke.  The  operation  consisted  in  passing  the  gases 
containing  nitrogen  and  carbon  dioxide  (with  some 
impurities),  through  a  tower  containing  coke  ovei 
which  the  stream  of  cyanide  solution  trickled.  The 
decomposition  was  as  folloAvs :    2KCN     2H20    2C02 

•_>IK'N     2KHC03. 

Tl xhausted  liquor,  after  suitable  concent  ration, 

was  re-used  for  sat  mating  the  leached  and  dried 
charcoal,  with  suitable  additions  of  fresh  material. 

The  saturated  charcoal  was  then    dlied  a-  before  and 

went  through  the  above  mentioned  cycle  of  operations 

Tin'     hydrocyanic     acid     gas      swept      out     of     the 

"scrubber"  by  the  nitrogen  was  absorbed  by  a  cold- 
water  spray  in  another  towei-.  also  filled  with  coke, 
the  gas  being  dissolved  in  the  water  as  hydrocyanic 
•  odd.     This   Liquid    was  collected  in  stills  (actually 

large  steam  boilers)  and  heated  with  steam  coils. 
The  IK'N,  with  some  water  vapour,  passed  through 
a   coil  cooled   tO  25     tO  28    •'.,    which  al  lowed  I  ho  u  at  er 

to  condense  and  return  to  the  still,  while  the  IK  N 
passed  forward.  This  pas  was  then  condensed  ill 
anot her  coil,  kept  as  eold  as  possible,  the  liquefied 
IK'N  dropped  into  caustic  soda,  the  compound 
NaCN,H20    being     formed.      The     crystals     were 

"  fished  "oul  and  "  centriffed."     The  tra f  caustic 

soda  adhering  to  the  cyanide    been ton  verted  into 

sodium  carbonate,  and  the  crystals  were  sold  a-    so 
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(equivalent  of  KCy)  strength.  By  long-continued 
drying  the  combined  water  could  be.  removed  to  a 
considerable  extent,  the  "cyanide"  content  being 
similarly  increased. 

When  the  works  were  started,  it  was  expected 
that  the  total  cost  of  manufacturing  cyauide  (based 
on  98  100  KCy)  would  be  about  3d.  per  lb.,  but  the 
actual  cost  was  about  Is.  per  lb.  Among  the  causes 
which  contributed  to  this  unexpected  increased  cost 
were  the  following  : — 

(1)  Loss  of  carbonate  of  potassium  by  formation  of 

silicate  of  potassium  from  ashes  in  wood  and 
impurities  in  coke. 

(2)  Loss  of  carbonate  of  potassium  by  formation  of 

sulphide,  sulphate  and  sulphite  of  potassium 
from  sulphur  compounds  in  furnace  gases  and 
from  coke. 

(3)  Waste    of    charcoal    from    oxidation     due    to 

p  >rosity  of  retorts. 

(4)  Excessive  fuel  consumption   (over  that  calcu- 
lated as  necessary)  for  power  and  heating. 

(5)  Excessive  wear  and  tear  through  damages  to 

plant  from  explosions,  etc. 

1  have  in  my  possession  some. of  the  sodium  cyanide 
made  by  this  method,  but  it  has  lost  most  of  its 
water  of  crystallisation.  Modern  methods  in  vogue 
in  Europe  and  America  for  the  manufacture  of 
cyanide  of  .-odium  and  the  mixed  (98/100%)  cyanides 
of  [otassium  and  sodium  are  now  brought  to  such  a 
state  of  perfection  that  it  stems  useless  to  try  and 
make  cyanide  here  by  the  fixation  of  atmospheric 
nitrogen.  Recent  experiments  have  convinced  me 
that — in  this  country  at  least — such  processes  are 
foredoomed  to  failure  from  a  financial  standpoint.  — 
William  Bettel. — South  African  Mining  Journal, 
Aug.  7th,  1909,  p.  C40.     (A.  R.) 

METALLURGY. 

The  Position  of  Amalgamating  Plates  in  the 

Stamp- Mill. — "  The  ordinary  position  of  the  amal- 
gamated copper  plates  in  a  stamp  mill  directly  in 
front  of  the  stamps  i*  one  which  seems  natural 
enough,  but  it  is  accompanied  by  a  number  of  dis- 
advantages. Among  the  advantages  connected  with 
a  separate  plate  room  are  the  following  :  — 

1.  The  absence  of  noise  and  vibration  caused  by 
the  stamps. 

2  Much  better  lighting  during  daylight  hours  can 
be  provided. 

3.  Increased  space  tor  working  about  the  stamps, 
making  repairs,  etc. 

4.  Increased  space  also  about  the  tables,  which  can 
be  placed  as  far  apart  as  desire  1,  and  built  at  a  con- 
venient height  above  the  floor  of  the  plate  room. 

5.  Better  arrangements  can  be  made  for  altering 
the  grade  of  the  tables,  etc 

6.  It  is  easy  to  arrange  a  system  of  pulp  distribu- 
tion, so  that  the  supply  (if  pulp  can  be  shut  oil'  any 
one  table,  ami  be  distributed  equally  between  the 
others,  or  as  many  of  them  as  may  be  wished.  This 
obviates  the  necessity  of  having  to  hang  up  stamps 
when  dressing  the  plates  or  collecting  amalgam.  The 
ordinary  plan  of  avoiding  this  by  diverting  all  the 
pulp  on  one  plate  to  a  single  adjoining  plate  i-  also 
obviously  bad  practice. 

7.  Inconsequence,  there  is  no  need  fur  the  amal- 
gamator to  hurry  over  his  work.  He  can  take  his 
time,  and  do  his  work  thoroughly. 

8.  By  having  the  doors  ami  windows  of  the  plate 
room  properly  secured,  casual  pilfering  by  dishonest 


employees  can  be  prevented,  and  the  risk  of  robbery 
by  outsiders  reduced. 

9.  It  becomes  a  simple  matter  to  classify  the  pulp 
if  desired,  before  passing  it  over  the  plates,  and  to 
vary  the  mode  of  treatment  for  each  class. 

I  do  not  think  that  there  is  anything  to  be  -aid 
against  the  separate  plate  room,  except  the  slight 
initial  cost,  the  need  in  some  cases  of  an  elevator  to 
give  the  fall  required  for  the  launder  conveying  the 
pulp  from  the  stamp  shed  to  the  plate  room,  and  the 
fact  that  in  small  mills  where  only  one  attendant  is 
employed  to  look  after  the  stamps  and  plates,  the 
latter  would  be  less  constantly  under  the  eye  of  the 
attendant.  Even  then  the  advantages  in  most  cases 
would  outweigh  the  drawbracks. 

The  benefits  to  be  derived  from  the  separate  plate 
room  are  such  that  it  should  lie  generally  adopted  in 
all  new  mills.  In  the  majority  of  mills  of  old  design 
the  change  to  separate  plate  room  might  be  advanta- 
geously made.  I  may  add  that  the  system  here 
advocated  was  adopted  by  the  Waihi  Company  some 
years  ago,  and.  it  is  almost  needless  to  say,  with 
entire  success."  Mexican  Mininj  Journal,  Sept.  15, 
1908.     (C.  B.  .s.i 


Tube  Milling  at  El  Oro.— "  The  first  mills 
supplied  the  El  Oro  Company  were  from  the  Krnpp 
foundry,  having  1  in.  steel  liners.  Silex  linings  were 
tried  and  discarded.  We  found  we  could  cast  a  satis- 
factory chilled  white-iron  lining.  The  next  move 
was  to  increase  the  thickness,  and  ribs  were  east  on 
the  plate  to  resist  the  abrasive  action  of  the  pebbles. 
It  was  then  noted  the  pebbles  had  a  tendency  to 
adhere  between  the  ribs.  To  further  this  action  the 
ribs  were  tapered,  being  wider  outside  than  within. 
The  pebbles  wedged  themselves,  thus  forming  a  Hint 
lining  automatically  laid.  Hence  was  evolved  the 
'El  Oro'  lining.  These  plates  lasted  some  eight  or 
nine  months.  In  the  course  of  time  Hint  was  substi- 
tuted by  bard  mine  quartz.  This  rock  was  not 
neaily  as  hard  as  Hint,  in  consequence  the  permanent 
wedging  of  the  pebbles  lost  much  of  its  finer  value. 
Still  the  ribbed  plates  last  usually  -i\  months. 

From  a  recent  inspection  of  the  plates  it  is  apparent 
that,  apart  fiom  the  lodging  of  the  pebbles,  tie 
chilled-iron  lidges  are  in  themselves  no  mean  factor. 
In  the  first  place  they  effectually  break  up  any  slid- 
ing action  of  the  body  of  pebbles  ;  in  consequence, 
flat  pebbles  are  now  unknown.  Then  the  ridges 
cause  a  tumbling  over  in  wave  motion  of  the  pebbles, 
and  finally  a-sist  in  ui\ 'ing  them  a  higher  lift.  These 
are  evidently  important  features.  There  are  two 
distinct  principles  involved  in  pebble  linings.  The 
one  method  employs  a  fixed  bed.  and  the  other 
a  changing  bed.  The  LI  Oro  liner  employs  the 
former.  This  was  advisable  when  using  Hint  pebbles. 
With  the  softer  rock  it  is  possible  the  latter  might 
prove  more  efficient.  Plates  are  therefore  designed  in 
which  the  bed  of  pebbles  is  retained  by  suitable  bars, 
but  al  each  revolution  the  bed  falls  out  and  i- 
replaced  by  other  pebbles,  thus  forming  successive 
beds.  The  life  of  the  plate  would  therefore  be  inde- 
pendent of  the  hardness  of  the  rock,  and  go\  erned  by 
the  life  of  the  bar-,  which  are  easily  renewable. 
Theoretically,  therefore,  the  plate  would  last  indefi- 
nitely. 

The  economy  of  the  mine  rock  over  the  imported 
pebble  is  well  illustrated  by  figures. 

Using  Hint  pebbles,  the  consumption  per  month 
was  about  8  tons  for  Krnpp  No.  3,  14  tons  for  No.  I. 
and  20  tons  for  No.  .">  mill.  \\  ith  the  nine  mills  in 
operation  this  is  equivalent  to  90  tons  per  month.   At 
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the  present,  with  mine  rock,  40  tons  per  day  is  con- 
sumed, or  1,200  tons  per  month   (100  tons  are  main- 
tained in   the  mills,   varying  from  8  to   16  tons    in 
quartz),  in  other  words,  thirteen  times  by  weighl  of 
mine  rock  to  imported  Hints.     This  is,  roughly.  5 
of   the   monthly   mill   run.      The   pebbles   cost    $60 
(Mex.)  per  ton,  or  5,400  pesos  per  month.     The  mine 
rock  averages  $6  (gold)  per  ton.     The  increase  to  the 
bullion  return  through  this  crushing  rock  is  around 
§6,000  (gold)  per  month.  Allowing  the  cost  of  mining 
and   handling  to  equal  the  value  of  the  rock,  it  is 
apparent  the  cost  of  the  pebbles,  or  5,400  pesos  per 
month,  is  saved. 

It  is  true  the  consumption  of  the  liners  is  greater 
and  that  the  efficiency  of  the  mill  is  reduced,  as  a 
lesser  quantity  of  finally  crushed  product  is  liberated 
per  cycle.     In  other  words,  the  tube  mills  need  aug- 
menting.    Taking  everything  into  consideration,  the 
economy  lies  with  the  mine  rock. 

Another  interesting  feature  consists  in  the  method 
of  feeding  the  crushing  rock  into  the  mills.     Owing 
to  the  wedging  of  the  pebbles  in  the  liners,  the  man- 
holes were  often  opened  with  difficulty.     Again,  the 
quantity  of  crushing  rock  was  largely  increased,  so 
that  some  method  of  continuous  feed  with  constant 
operation  of  the  mill  was  desirable.   This  was  effected 
by  means  of  a  coarse  screw-feeder  attached  to  the 
discharge  end,  feeding  through  the  trunnion.     Rock 
by  this  means  can  be  added  at  pleasure. 

Although  fed  into  the  discharge  end,  it  was  found 
the  coarse  rock  worked  its  way  to  the  upper  end, 
where  the  maximum  breaking  down  of  the  ore  par- 
ticles takes  place. 

By  such  means  were  the  tube  mills  converted  from  a 
frequent-change-of -liner  and  stoppage-for-pebble-feed 
machine  to  a  pebble-bedded  protected  liner,  with  a 
continuous,  non-stoppage  feed  of  crushing  rock — both 
items  of  economy. 

The  following  is  a  brief  statement  of   the   costs 
averaged  over  eleven  months  :  — 

With  liners  costing  15  cents  (Mex.)  per  kilo,  and 
pebbles  $70  per   1,000  kilos,  in  11,000  tons  crushed 
monthly,  results  were — 

Pebbles  used  ...  ...     45,000  kilos. 

Liners         ...  ...  ...       6,800      ,, 

Pebbles  per  ton  ground         ...  9  J  pesos. 

Liners         ...  ...  ...  1*5      ,, 

Cost  per  ton  ground — 

Pebbles      ...  ...  ...  30c.  (Mex.) 

Liners        ...  ...  ...  8-6 

II.    E.    West.     London   Mining  .fount"/,  July  31, 
1909,  p.  149.     (A.  II.) 


METAL  RIBBON.— This  is  now  manufactured  byan 
exceedingly  Simple,  rapid  and  inexpensive  process. 
A  water  cooled  brass  cylinder  about  5  in.  in  diameter 
is  rotated  at  a  speed  of  about  1,600  revolutions  per 
minute.     While  it  is  rotating  al  this  velocity  a  thin 

stream   of    molten    metal    is   allowed   I  o  fall  on  to  the 
surface  of  the  drum.     Immediately  il  comes  into  con 
tact   with  tht  latter  il  solidifies,  and  by  centrifugal 
force  is  thrown  oil    in  the   form  of  a  continuous  band 

of  ribbon  about  |  in.  in  width  by  about  ..,',„th  part  of 
an  inch  in  thickness.     By  means  of  this  process  some 

28    Hi.    of   thin  shavings   can    be    produced    per    hour. 

The  process  is  available  for  use  with  a  variety  of 
metals,  Buch  as  lead.  /inc.  tin,  etc.  Chamber's 
Journal,  Aug.,  1909.     (A.  L.  E.) 


Dressing  of  Battery  Plates.    "  A  new  system 

of  plate  dressing,  invented  by  Mr.  E.  II.  Martin,  the 


battery  manager  of  the  Langlaagte  Estate,  Rand 
(S.  Africa),  allows  the  amalgamation  plates  to  be 
dressed  without  hanging  up  the  stamps.  '  This  is 
accomplished  by  placing  a  board  across  the  head  of 
the  amalgamating  table,  and  thus  tunning  the  pulp 
over  the  back  of  a  plate  into  a  launder,  which  runs 
beneatli  the  plate.  The  pulp  is  diverted,  so  that, 
instead  of  running  into  the  main  tube  mill  launder, 
it  runs  over  a  separate  amalgamation  table,  which  is 
kept  specially  for  this  purpose  Ordinarily  a  strip  of 
wood  I  in.  to  1  in.  thick  prevents  the  pulp  running 
over  the  hack  end  of  the  plate.  When  the  board  is 
put  in  place  the  pulp  is  dammed  up,  and  runs  over 
this  strip  of  wood.  The  necessary  alteration  in  the 
tables  costs  a  total  of  from  £3  to  £3  His.  per  table, 
including  the  necessary  labour  and  materials.  Tin* 
change  is  accomplished  by  taking  up  the  plate  and 
relaying  it  on  3  in.  x9  in.  timbers,  leaving  a  4/,  in. 
3  in.  launder  under  the  plate.'"  Tin  Australian 
Minim/  Standard,  July  21,  1909,  p.  57.     (W.  A.  C.) 


(  Ialculations  in  Ore  Concentration.— "These 

calculations  are  made  with  reference  to  the  concen- 
tration of  copper  ores,  the  size  of  American  plants 
for  the  purpose  having  increased  very  considerably 
in  recent  years,  and  hence  slight  errors  in  mill  opera- 
tion lead  to  heavy  financial  loss.  The  argument  is 
as  follows  : — (")  Assays. 

Let  y=  weight  of  concentrates  from  1  ton  ore  milled. 

z= weight  of  tailings  from  1  ton  ore  milled. 

a  =  assay  of  oie. 

b  =  assay  of  concentrates. 

c  =  assay  of  tailings. 
Then  y  +  z  =  1 

by    '■:  =a 


whence  eliminating.:.  >/=-, — 

°     ■'     />  -  c 

amount  of  copper  in  concentrates 


(1) 
(2) 

(3) 


and 


saving-- 


amount  of  copper  in  1  ton  of  ore 

by_b(a-c) 

or  S= ,; r  (4) 

ii     a(b-c) 

a  formula  giving  the  saving  from  assays  alone.     To 

check  this  there  are  three  more  possibilities,  namely, 

q_ 6//_Cu  in  concentrates 

ax  Cu  in  ore 

o_     by    _  Cu  in  concentrates 


(5) 

(6) 


by+cz     Cu  in  concentrates  and  tailings 
q  _  ox  -  c,~  __  Cu  in  ore  -  Cu  in  tailings  ._ 

ax  Cu  in  ore 

If  weights  and  assays  are  correct,  these  four  methods 
should  check,  but  in  practice,  of  course,  they  do  not 
eheck  correctly.  Equation  (3)  is  also  interesting 
because  it  represents  the  "rate  of  concentration' 
expressed  by  assays  alone,  and  can  be  used  for  any 
class  of   oil'   and   any   other  constituents  in  the  ore, 

i .'/.,  s.  l-'e.  etc. 
(li)  Screen   Tests.     The  author   then  extends  this 

met  hod  of  analysis  to  problems,  such  as  the  follow  ing. 
The     tailings     from     a      concentrator     are     classified 

bydraulically,    the  spigot    discharge   being   used   to 

build   a   dam    across    the  mouth  of  a  gulch  ad  joining 

i  he  tailings  end  of  a  plant.  The  o\  ei  ilow  is  conducted 
into  the  basin  thus  formed,  where  the  suspended 
solid  matter  settles,  liberating  clear  water  which  is 
used  again  in  concentrating.  What  percentages  go 
i")  to  the  dam  (6)  to  the  pond?  He  shows  how  such 
a  problem  can  be  solved  from  accurate  screen  results 
and    also    from    assays    alone,  the    latter  being  used 

to  check  the  former,  errors  being  great  only  when  the 
two  products  into  which  the  one  is   split  are  quite 
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different  and  not  nearly  alike.  Hence  where  screen 
tesl  s  show  particles  of  practically  the?same  size  assays 
should  be  used,  and  vice  versa  if  assays  are  nearly  the 
same,  screen  tests  should  be  used,  and  will  give 
better  results.  Finally,  the  question  is  asked 
whether  it  is  of  so  greal  importance  to  know  how  the 
pulp  is  being  distributed  in  a  mill,  and  whether  the 
millman  cannot  tell  from  the  appearance  of  his 
machines  whether  the  distribution  is  correct.  On 
the  basis  of  a  comparison  hetween  actual  determina- 
tions and  estimates  from  appearance  of  the  machines 
the  author  concludes  that  such  estimates*-are  in  no 
way  trustworthy. " — Dr.  Rudolf  Gahl,  Western 
Chemist  and  Metallurgist,  April. — Electro-chemical 
and  Metallurgical  Industry,  vol.  vii.,  7,  -Inly,  J909, 
p.  306.     (.1.  A.  W.) 


Electric  Furnaces  in  Germany.— "  Hitherto 
electric  furnaces  have  been  used  for  small  quantities 
of  material,  hut  now  the  leading  works  are  beginning 
lc  employ  them  on  an  extensive  scale  for  handling 
large  quantities  of  metal.  At  the  end  of  1907  one  of 
the  most  important  steel  works  in  Germany  decided 
to  replace  its  battery  of  crucible  furnaces  by  a  large 
electric  fusion  furnace,  the  main  cause  for  the  change 
being  to  lessen  materially  the  cost  of  fusion  without 
altering  the  quality  of  steel  produced.  The  old 
equipment  of  :i_'  furnace.-,  each  containing  (i  crucibles 
with  77  lh.  capacity  each,  was  replaced  by  a  single 
electric  furnace  of  2,30  h.p.  holding  1  metric  ton,  a 
duplicate  of  this  being  installed  as  a  reserve  for 
emergencies.  Electricity  is  supplied  from  Cologne 
in  the  form  of  a  three-phase  current  of  5,200  volts, 
this  being  transformed  to  110  volts.  The  production 
of  cast  steel  has  been  carried  on  in  this  furnace  since 
L908  without  interruption  with  success,  the  main 
product  containing  -0S-T8;.  C,  UT  S,  "06%  P. 
Occasionally  charges  of  tool  steel  have  been  cast  con- 
taining 7  to  1  \>  C.  with  and  without  the  addition 
of  Ni,  Cr,  or  YV.  The  material  employed  Lsordinarily 
slugs,  cuttings,  turnings,  and  other  waste  of  wrought 
iron,  costing  from  SI 4  to  si.")  per  metric  ton  or  $13  to 
$14  per  short  ton. 

A  fusion,  including  the  refining,  lasts  about  live 
hours  and  involves  a  consumption  of  about  900  kw. 
hours  for  1  metric  ton  of  cast  steel.  The  entire 
charge  of  1  ton  is  poured  at  once.  When  the  furnace 
is  kept  in  continual  use  the  magnesite  lining  lasts 
for  at  out  70  operations.  /  <■.,  20  to  25  days.  A  stop- 
page of  live  days  is  required  for  each  renewal,  hut 
during  this  period  the  reserve  furnace  is  employed. 

The  cost  of  the  electric  current  is  exceedingly  low, 
on  account  of  the  large  amounts  consumed.  It 
amounts  to  ■[!,  pfennigs  (1071  cents)  per  kilowati 
hour,  so  that  the  expense  foi  a  single  operation  is 
about  4(1  marks  or  $8*64  per  short  toil. 

The  total  cost  of 'cast  steel,  thus  produced,  per 
metric  ton,  is  as  follows  :  — 

For—  Cost, 

Amortisation  of  cost  of  plant         ...  .."  $1T9 

Raw  materials,    including  additions,  chro 

miuni,  etc.               ...            ...  ...  16*66 

Electric  current,    including  heating  during 

intervals    ...               ...               ...  ,.,  I0"7l 

Renewal  of  magnesite  lining          ...  ...  2"85 

Labour  ...            ...            ...            ...  ...  238 

Electrodes           ...            ...            ...  ...  -60 

Water  for  cooling  purposes             ...  ...  12 

Total 3451 

This  amounts  to  83132  per  short  ton,  and  is 
materially  less  than  the  cost  of  crucible  steel. 


Advantages  of  the  Electric  Process. — The  manufac- 
turing lirm  notes  in  addition  these  advantages  in  the 
electric  process,  as  compared  with  the  old  method  : 
(1)  Cheaper  taw  material  can  be  employed  in  the 
place  of  the  mere  expensive  Swedish  iron  formerly 
required:  (2)  in  fusing  quantities  of  a  ton  at  a  time 
it  is  possible  to  produce  homogentous  masses  of  a 
distinct,  well-defined  grade:  (3)  the  molten  steel 
leaves  the  furnace  at  a  much  higliei  temperature 
than  when  prepared  in  crucibles,  is  therefore  in  a 
more  liquid  condition,  and  is  easily  transferred  to 
ordinary  ladles,  preparatory  to  pouring  into  the 
moulds  of  small  castings. 

These  electric  furnaces  are  arranged  in  the  Stassano 
system,  and  are  supplied  in  all  sizes,  for  charges 
varying  from  -too  lh.  to  Hi  tons,  and  are  adapted  for 
the  fusion  of  metals  of  every  kind. 

The  furnace  for  cast  steel  is  constructed  of  iron 
plates,  heavily  lined  with  magnesite  bricks.  Carbon 
electrodes  enter  by  three  openings  on  the  sides,  and 
are  so  adjusted  as  to  terminate  slightly  above  the 
surface  of  the  molten  metal,  whereby  the  heat  of  the 
arc  is  absorbed  almost  entirely  by  the  contents  of  the 
furnace,  ami  hut  a  small  portion  is  radiated  upward 
and  is  reflected  from  the  concave  dome. 

Mixing  and  Fusion  Other  Uses. — A  thorough 
mixing  of  the  component  parts  of  a  charge  is  effected 
by  mounting  the  furnace  on  an  axis,  slightly  inclined 
from  the  vertical.  A  steady  revolution  about  this 
axis  is  maintained  through  a  cogged  connection,  with 
a  dynamo  of  5  h.p.,  the  edge  of  the  furnace  resting 
on  ball  hearings.  This  rotation  causes  the  lower 
layers  to  gradually  rise  to  the  top  of  the  molten  mass, 
and  brings  about  a  thoroughly  uniform  mixing.  The 
electrode  supports  are  inclosed  in  cylinders  ami 
surrounded  by  a  current  of  cold  water.  These  sup- 
ports are  in  rigid  connection  with  hydraulic  cylinders, 
by  means  of  which  the  movements  of  the  electrodes 
are  under  perfect  control. 

A  fusion  requires  oh  hours  to  be  complete  ;  a 
further  period  of  1 '  hours  is  requisite  for  the  removal 
in  succession,  of  phosphorus  and  sulphur,  and  the 
final  deoxidation  of  the  contents  of  the  furnace.  No 
interruption  occurs  in  either  the  current  of  electricity, 
or  in  the  supply  of  water  for  cooling  the  electrode 
supports,  while  the  furnace  is  in  rotation.  Special 
devices  have  been  provided  for  both  purposes. 

The  services  of  three  workmen  are  required  to 
conduct  an  electrical  furnace,  change  electrodes, 
transport  the  raw  materials,  etc.  Furnaces  of  the 
type  in  question  are  now  being  introduced  in  ( lermany 
for  the  treatment  of  othei  metals  and  alloys,  and  it 
is  apparently  only  a  question  of  time  before  the 
crucible  processes  hitherto  in  such  general  use  will  be 
completely  superseded."  Consular  Report— Journal 
of  the  Franklin  Institute,  Aug.,  1909,  p.  104.  (J.A.W.) 

The  Oxy-hydro  Smelting  Process.— The 
Moruya correspondent  of  the  Sydney  Morning  Herald, 

telegraphing  on  the  9th  duly,  gives  the  following 
interesting  description  of  a  new  process  for  treating 
refractory  ores  ; — 

A  new  smelting  process  for  the  treatment  of  re- 
fractory ores  ha-  been  started  on  the  lease  of  the 
Moruya  <  odd  and  Silver  Syndicate,  with  the  object 
of  extracting  the  gold  and  silver  from  an  ore  body, 
embracing,  in  addition  to  gold  and  silver,  also 
arsenic,  zinc,  galena,  antimony,  and  traces  of  copper, 
which  render  it  impossible  to  treat  effectively  ami 
economically  by  ordinary  mining  methods.  If  the 
inventor  of  the  new  smelting  process — Mr.  Frank 
Cotton,  of  Newtown — succeeds  in  achieving  all  he 
claims  for  it,  and  it  proves  a  commercial  success,  it 
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will  mean  a  revolution  in  the  treatment  of  refractory 

ores  iii  Australia. 

About  four  months  ago  Mr.  G.  G.  Johnston 
acquired  this  property,  which,  in  the  records  of  the 
Department  of  Mines,  is  the  most  refractory  pro- 
position in  the  Slate,  and  set  to  work  to  prove  what 
had  already  been  proved  in  the  laboratory — th at  the 
problem  of  50  years'  standing  had  been  s-olved,  and 
that  the  ores  of  this  mine,  ami  other  refractory  ores, 
could  he  profitably  treated.  This  result  was  not 
brought  about  Without  nearly  two  years  of  research 
work,  which  brought  to  light  the  process  known  as 
1 1  le  oxy-hydro  process. 

The  furnace  has  a  door  -pace  of  '.is  square  ft.  The 
ore  is  passed  into  it,  and  is  treated  for  from  half  an 
hour  to  an  hour  and  a  half,  according  to  the  density 
of  the  sulphide  and  the  percentage  of  arsenic  to  lie, 
eliminated.  It  is  then  drawn  from  another  door  into 
tin-  cement-floored  ore  bins,  behind  the  two  live  head 
stamper  batteries.  From  the  boiler  an  insulated 
steam  pipe  runs  to  the  furnace  and  passes  along  the 
top  of  it.  Immediately  over  the  arch  of  the  firebox 
there  is  a  muffle  furnace,  and  in  this  the  steam  pipe 
is  carried  backwards  and  forwa'ds  in  the  shape  of  a 
grill.  From  the  muffle  the  pipe  is  split  into  two 
sections,  which  are  carried  down  to  the  foot  oi  each 
end  of  the  firebox.  One  end  of  each  section  is  used 
for  blowing  off  any  condensed  steam  at  starting,  and 
the  other  end  is  carried  into  the  firebox  through  a 
wrought  iron  tuyere  of  2  in.,  in  which  the -team  pipe 
is  centred.  At  the  end  of  the  pipe  is  a  cone  with  an 
aperture  of  one-eighth  of  an  inch.  The  action  of  the 
dry  steam  on  the  charcoal  accumulated  at  the  bottom 
of  the  surface  is  the  dissociation  of  the  steam  com- 
bining  with  the  carbon  of  the  charcoal,  forming 
carbon  monoxide  and  free  hydrogen.  The  heavier 
hydro-carbons  of  the  wood  rise  to  the  hollow  arch  on 
the  top  of  the  firebox,  are  there  volatilised,  and 
drawn  dow  n  again,  ha\  ing  the  effect  of  a  carburetter, 
and  making  a  fuel  gas  of  high  value.  Sufficient  air 
is  drawn  in  by  the  tuyeres  automatically  at  the  base 
of  firebox  to  burn  the  gases  over  the  hearth  of  the 
furnace.  Beyond  the  ore  chamber  is  a  dust  chamber, 
with  an  intermediate  stack,  and  beyond  that  are 
three  condensing  chambers,  each  7  ft.  by  7  ft.  by 
7  ft .,  through  which  the  fumes  pass  alternately  top 
and  bottom  of  the  walls.  In  the«e  chambers  the 
arsenic  eliminated  from  the  ore  is  thrown  down,  the 
operation  being  assisted  by  sprinklers  across  the  top 
of  each  chamber,  from  the  furnace  the  treated  ore 
is  passed  through  the  battery,  the  pulp  passes  over 
a  Card  concentrating  table,  and  the  residues  go  on 
to  t he  cyanide  plant.  The  result  is  a  free,  high- 
grade  concentrate,  which  i-  treated  on  the  ground  by 
cyanidation,  and  the  recovery  of  a  white  oxide  of 
a  i  st  nic,  for  which  latter  there  is  an  unlimited  market 
at  from  £35  to  £ 10  pel  ton. 

The  preliminary  runs  with  this  plant  have  been 
made  on  all  classes  of  the  ore  in  t  he  mine     from  the 

partly   oxidised    ores    to   the   dense   sulphides.       The 

result-  in  each  instance  bave  keen  the  same,  and  the 
plant  is  now  running  full  time.  <  >re  containing  from 
•_'h  to  .'it i  per  cent .  of  arsenic,  as  well  as  other  refrac- 
tory elements,  has  keen  successfully  dealt  with. 
Residues  previously  requiring  12  days  in  the  cyanide 
vats  with  special  treatment  nave  keen  operated  on 
in   four  days   by  reason   of   the  elimination  of  the 

refractory    elements,    and    the    extraction    from    the 
treated  material  has  been  90  per  cent.,  as  against  7"> 
percent,  from  the  raw  material. 
In    the   presence   of   .Mr.    Warden  Shepherd,   Mr. 

(!.  G.  Johnston,  who  is  now  the  general    manager  oi 

the  Moruya  Gold  and  Silver  Syndicate,  and  other 


representative  people,  sulphide  ore  was  treated,  and 

from   the  parcel   put    ChrOUgh  (1  CWt.   of   while  oxide    of 

arsenic    was     recovered     in     the    chambers.       The 

Warden  selected  a  piece  of  raw  ore,  half  of  which  he 
had  treated  in  the  furnace,  and  he  has  now  forwarded 
the  raw  and  treated  parcels  to  the  Department  of 
Mines  for  analysis. 

In  addition  to  arsenical  gold  ores,  the  oxy-hydro 
process  has  been  proved  on  the  following :  Arsenical 
copper  ores,  carbonate  copper  ores,  zinc  blende, 
copper  ores,  lead  silver,  zinc  ores,  antimony  ores,  and 
lo  le  tin  ores.  By  the  elimination  of  the  refractory 
elements  it  is  claimed  that  the  ores  of  mines  now 
lying  idle    can    lie    successfully    handled.        It    is   also 

claimed  that  not  only  are  the  ores  rendered  possible 
of  treatment,  where  they  have  previously  defied  the 
metallurgist,  but  the  refractoiy  elements  are  turned 
into  marketable  products  of  high  value.  It  is  also 
said  that  the  cost  of  treatment  is  reduced  to  a 
minimum.     On  the  furnace  now  running  the  cost  of 

lirew I  is  said    to    lie    not    more   than  Is.  pel-  ton   of 

treated  ore,  and  the  steam  consumption  does  not 
exceed  I  b  p.  per  hour.  The  capacity  of  the  furnace 
on  dense  sulphide  is  50  tons  pel'  week  and  up  to  75 
tons  on  the  higher  sulphides. 

The  main  reef  of  the  mine  selected  for  the  proving 
of  the  process  on  arsenical  -old  ores  has  a  north  and 
south  bearing  in  slate  country,  west  of  the  granite 
belt  about  200  yards,  and  is  an  average  w  Ldth  of  3  ft. 
(')  in.,  with  IS  iii  of  mineralised  formation.  Tin'  ore 
is  firstly  of  a  mispickel  composition  ;  but.  in  addition 
to  the  arsenic  and  iron,  it  contains  zinc  blende, 
galena,  antimony  in  sulphide  form,  and  traces  ,,i 
copper.  Such  a  conglomeration  of  refractory 
elements  is  seldom  met  with,  and  yet  it  obtains  more 
oi  less  in  all  the  cues  raised  on  the  Bergalia  and 
Donkey  Mill  fields.  At  periods  the  reef  is  divided 
by  horses, ,f  slate  and  gianity  sandstone,  and  they 
are  interlaced  with  heavy  mineralised  lode  matter  : 
but  the  hanging  and  fobtwalls  arc  true  shite,  and 
have  always  remained  well  defined. 

In  its  issue  of  the  11th  duly  the  Herald  f&.ys :  - 
■  Particulars  of  the  oxj  hydro  process  of  dealing  with 
refractory  ores  published    in  the   Herald  yesterday, 

have  been  the  subject  of   comment    in  mining  circles. 

Upon  enquiry  at  the  Department  of  Mines  yesterday 

it  was  ascertained  that  what  our  Moiuya  correspon 
dent  says   about    the    refractory    nature   ol     the    on  s 

dealt  h  with  there  is  quite  correct.  They  are  classed 
as  almost  impossible,  and  if  complete  success  is 
achieved  in  the  treatment  ot  them  big  results  are 
looked  for.  Mr.  Cotton  is  not  unknown  in  official 
circles.  He  has  keen  working  at  it  persistently  tor 
some  years,  and  has  got  Dearer  to  dealing  with 
refractory  ores  jn  commercial  quantities  than  ever 
before.  For  a  long  time  he  has  keen  able  to  show 
good  results  with  small  quantities,  ami  the  tine  test 
lies  in  the  operations  he  has  now  undertaken.  The 
metal  is  dealt  with  in  solid  chunks,  without  crush 
ing,  and  afterwards  treated  by  the  ordinary  cyanid- 
in- process.  The  refractory  ores,  after  undergoing 
the  process,  are  spongyand  workable.'"  Queensland 
Government  Mining  Journal,  Aug.  15,  1908,  p.  109. 
(C.  Ik  S.) 

Tin:  Metallurgy  hi  Bismuth.  "Generally 
(says  the  1/  ican  Mining  Journal)  very  little  is 
known  of  the  methods  employed  to  win  bismuth  from 
Schnabel  says  that  ores  containing  his- 
muthine  (sulphide)  alone  can  either  be  treated  by 
calcination    and    fusion    with   carbon,    or   in   the   raw 

state   by   fusion   with   iron.     In   the  one   case,   the 

cheiuic.il  processes  are  the  same  as  for  the  extraction 
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of  lead  from  galena  by  calcination  and  reduction  :  in 
the  other  case  the  process  is  the  same  ;r-  the  extrac- 
tion of  lead  by  precipitation.  When  ores  contain 
considerable   quantities   of   gangue,  the  bismuthine 

may  be  separated  from  it  by  a  simple  fusion  without 
the  addition  of  iron.  Oxidised  ores  of  bismuth,  as  a 
rule,  are  mixed  with  native  bismuth  and  are  treated 
together.  They  can  be  treated,  mixed  with  charcoal, 
by  being  fused  in  crucibles  or  reverberatory  furnaces. 
AVhen  hismuth  is  present  as  oxide  it  i-  generally  dis- 
solved by  hydrochloric  acid,  more  rarely  by  nitric 
acid  which  is  far  dearer.  Bismuth  is  precipitated 
from  solutions  either  directly  or  as  basic  -alt.  It  is 
genarally  thrown  down  as  metal  by  means  of  iron. 
As  a  basic  salt  it  can  lie  thrown  down  by  diluting  its 
chloride  with  water,  when  an  oxychloride  i-  precipi- 
tated. From  the  oxychloride  bismuth  can  lie  i educed 
either  by  fusion  with  lime  and  charcoal,  or  by  treat- 
ing the  moist  salt  with  iron  or  zinc.  The  addition  of 
lime  is  necessary  when  the  oxychloride  is  treated  in 
the  dry  way,  in  order  to  combine  with  the  chlorine. 
The  lime  used  may  be  either  slaked  or  caustic. 
Metallic  bismuth  thrown  down  in  the  wet  way  is 
melted  in  graphite  or  iron  crucibles,  with  the  addition 
in  case  of  need,  of  alkaline  tlux.  The  wet  way  has 
been  employed  for  oxidised  ores  at  Meymac,  France, 
and  for  calcined  tin  ores  rich  in  bismuth  at  Abenberg, 
in  Saxony.  The  ore  treated  at  Meymac  is  a  hydrattd 
carbonate  of  bismuth  in  a  quartzose  gangue,  contain- 
ing small  quantities  of  arsenic,  antimony,  lead,  iron, 
and  lime.  The  crushed  ore  is  treated  three  times 
over,  in  earthenware  vessels,  with  hydrochloric  acid, 
at  a  gentle  heat  and  by  constantly  stirring.  The 
nearly  exhausted  ore  is  treated  with  fresh  hydro- 
chloric acid,  while  the  almost  saturated  solution  i- 
allowed  to  act  upon  fresh  ore,  saturated  solutions 
being  thus  obtained,  while  the  bulk  of  the  bismuth 
is  removed  from  the  ore.  The  bismuth  is  thrown 
down  from  the  solution  in  the  form  of  a  black  powder 
by  means  of  bars  of  iron.  Immediately  after  it-  pre- 
cipitation the  bismuth  is  separated  from  the  solution, 
washed  with  water,  pressed  in  canvas  bags,  and  is 
finally  melted  in  graphite  crucibles,  under  a  layer  of 
charcoal,  and  is  then  cast  in  iron  moulds." — Qua  ns- 
land  Government  Mining  Journal,  Aug.  14,  1909, 
p.  395.     (C.  B.  S.) 


MINING. 

Electricity  ix  Coal  Mixing.— "Some  interest- 
ing figures  have  been  obtained  regarding  various 
percentages  of  dust  from  hand,  puncher-machine, 
and  chain-machine-mined  coal.  The  results  found 
in  each  case  have  been  reduced  to  the  number  of 
pounds  of  dust  per  square  foot  undercut,  and  the 
dust  gathered  was  screened  through  a  40-mesh 
screen.  At  the  mines  of  the  Washington  Coal  and 
Coke  Company,  on  the  lower  edge  of  the  Connells- 
ville  region,  the  results  obtained  were  as  follows  : — 

By  hand-mining,  1  -80  lb.  per  square  foot  undercut. 

By  puncher  machine,  4-58  lb.  per  square  foot 
undercut. 

By  chain  machine,  with  pick-pointed  bits,  1-48  lb. 
per  square  foot  undercut. 

At  the  mines  of  the  Westmoreland  Coal  Company 
the  puncher  machine  gave  6"18  lbs.,  and  the  chain 
machine,  with  the  standard  chisel  bits, gave  243  lbs. 
of  dust.  At  the  mine  of  the  Pittsburg  Coal  Com- 
pany, Midland  No.  1,  the  chain  machine  gave  '2  43 
lb.  and  251  lb.  at  two  different  trials,  and  the 
puncher  machine  gave  6'18  lb.  There  is  no  disputing, 
of  course,  that  the  puncher  machine  will  cut  more 
large  coal,  or  in  other  words  that  the  average  coal 
cut  by  the  chain  machine  will  be  smaller  than   that 


cut  by  the  puncher  or  by  hand,  but  the  amount  of 
coal  cut  out  in  undercutting  by  the  puncher  is  so 
much  greater  than  the  amount  taken  out  by  the 
chain  machine,  that  the  actual  amount  of  dust  will 
he  greater,  as  given  above. 

It  has  been  repeatedly  attempted  to  ignite  very 
fine  coal  dust  by  an  electric  arc.  I  have  no  doubt 
that  this  can  he  done,  but  up  to  the  present  time  it 
has  not  been  done,  so  far  as  I  know.  I  am  inclined 
to  think  that  if  this  ignition  occurs,  it  will  be  with 
the  distillation  of  gas  from  the  dust  by  the  heat  of  an 
electric  arc.  There  is,  of  course,  not  the  slightest 
doubt  that  an  electric  spark  of  almost  any  potential 
will  ignite  gas  in  proper  percentages,  since  we  have 
an  illustration  of  this  in  practically  all  automobiles. 
It  i-  probable,  to  my  mind,  that  an  explosive  mixture 
could  lie  ignited  from  the  minute  spark  from  the 
ordinary  signal  wires  where  ten  or  more  cells  of 
battery  are  used. 

Turning  to  the  question  of  safety  of  the  men,  it 
has  been  considered  useless  for  some  years  past  to 
insulate  electric  wires  underground,  since  there 
seemed  to  be  no  commercial  insulation  which  was  of 
value  after  a  few  years'  use,  or  in  some  cases,  a  few 
months'  use.  It  has,  therefore,  been  preferred  to 
use  bare  w  ires,  even  for  machine  lines  in  room 
heading,  and  depend  on  the  miners'  intelligence  to 
recognise  the  danger  of  a  bare  wire.  In  some  mines 
these  wires  have  iieen  protected  by  means  of  boards 
nailed  to  wooden  plugs  along  the  rib,  and  the  wires 
suspended  behind  these  boards,  also  piotected  by 
wooden  troughs  where  they  cross  over  the  heading. 
This  protection  is  effective  but  very  expensive,  and 
must  be  renewed  at  intervals  of  every  two  or  three 
years  in  most  mine-.  At  the  testing  station  of  the 
Geological  Survey  in  Pittsburg,  the  electrical  depart- 
ment is  making  some  experiments  on  various  insula- 
tions subjected  to  extreme  mining  conditions.  Cables 
with  rubber  and  other  insulations  are  submerged  in 
acid  mine  water,  readings  taken  of  their  initial 
insulation  resistance,  and  these  readings  repeated  at 
frequent  intervals.  The  weakness  of  the  insulation 
will  be  shown  by  the  gradual  or  sometimes  sudden 
drop  in  these  values.  This  can  be  plotted  on  a  curve, 
and  the  permanence  of  the  insulation  commonly 
called  varnished  cloth  or  varnished  cambric  will 
be  effective  under  mine  conditions,  and  1  have  used 
it  in  severe  service  for  over  two  years  without  any 
sign  of  trouble.  It  does  not  seem  to  be  affected  by 
acid  and  is  perfectly  moisture  proof.  The  cost  of 
this  insulation  will,  I  believe,  be  considerably  less 
than  the  best  rubber,  and  if  the  results  obtained  at 
the  testing  laboratory  measure  up  to  those  I  have 
found  in  practice,  I  believe  it  will  be  only  a  short 
time  until  we  can  confidently  recommend  that  all 
machine  wires  carrying  500  volts  or  over  be  insulated, 
where  carried  in  loom  headings. 

The  use  of  electric  lights  in  mines  is  strongly  re- 
commended, particularly  at  partings,  turnouts,  and 
all  points  where  men  must  travel  along  or  across  the 
rail-.  In  many  cases  these  lights  can  be  connected 
directly  from  the  trolley  and  in  connection  with  the 
use  of  automatic  trolley  -witches:  these  lights  will 
show  when  the  current  i-  on.  It  is  advisable  to  have 
more  than  one  circuit  where  lights  are  used  as  danger 
signals,  to  provide  for  burn  outs  of  the  lamps.  In 
some  of  the  mines,  in  the  Connellsville  region 
particularly,  one  or  more  red  lights  are  installed  at 
each  danger  point,  in  addition  to  the  white  lights, 
which  are  connected  at  back  of  the  automatic 
switches.  The  white  lights  burn  at  all  times,  but 
the  red  lights  >how  only  when  the  current  is  on  the 
wires  at  the  parting. 


Nov.  1909 


Notices  and  Abstracts:  Mining. 


191 


In  all  cases  where  large  tracts  of  coal  are  to  he 
developed  I  would  recommend  the  use  of  275  volts 
potential,  using  high-tension  alternating-current 
transmission  from  the  central  plant,  and  locating 
sub-stations  as  close  to  the  work  as  possible.  Where 
the  cover  is  excessive,  these  sub-stations  can  be 
located  underground  at  the  centre  of  distribution. 

Many  mining  men  are  possibly  familiar  with  plants 
on  tlie  three-wire  system,  of  which  a  number  have 
been  installed.-  In  these  plants  the  currenl  is  gener- 
ated by  standard  railway  machines  at  550  to  600 
volts.  *  The  neutral  tap  is  taken  oil  these  generators 
by  means  of  proper  connections  to  the  windings  from 
collector  rings,  and  these  taps  by  means  of  balancing 
coils  furnish  a  neutral  lead,  between  which  and 
either  main  lead  the  potential  is  one-half  that  of  the 
generator.  Apparatus  in  the  mine  is  operated 
between  either  main  lead  and  the  rail,  which  is  t lie 
neutral,  and  the  maximum  potential  which  can  be 
received  will  be  300  volts.  Stationary  apparatus, 
such  as  fan  motors,  car  hauls,  large  pumps,  etc  .  can 
if  desired  be  operated  on  full  potential,  or  if  a  wide 
speed  range  is  desired,  motors  may  he  operated  first 
on  300  and  later  on  600  volts.  The  wiring  in  the 
mine  is  so  sectionalised  that  an  approximate  balance 
of  load  is  maintained  between  the  two  sides  of  the 
system,  and  in  the  case  of  a  perfect  balance,  the 
system  is  equivalent  to  a  metallic  circuit  600-volt 
transmission  using  twice  as  much  copper  as  a 
grounded  return  system,  or  one-half  the  cupper  as 
compared  with  a  300-volt  grounded  return  system. 
Where  theie  are  a  large  number  of  small  units 
operated,  such  as  locomotives,  machines  and  pumps, 
a  (dose  balance  may  be  maintained,  and  the  efficiency 
of  the  transmission  depends  on  the  balancing,  since 
with  total  unbalance  it  will  he  a  straight  300-volt 
transmission."— George  I!.  A\" « »< ►  i >,  Coal  Minimi 
Institute  of  America  Iron  and  ('mil  Trades  Revit  <'■, 
.Inly  .'{(I,  L909,  p.  103.      (A.  R.) 


Dust  Collector  fob  Rock  Drills.-  "At  arecenl 
session  of  the  Societe  de  '.'Industrie  Minerale,  M. 
Remaux  gave  a  number  of  suggestions  as  to  the  use 
of  rock-drills,  and,  among  other  novelties,  desciibed 
an  easily  made  apparatus  for  catching  the  dust  as  it. 
conies  from  the  drill  hole,  thus  avoiding  the  use  of  a 
hollow  drill  with  spray  of  water.  He  objects  to  the 
latter  method  of  preventing  contamination  of  the  air, 
because  the  mud  and  the  dampness  are  almost  as 
disagreeable  as  the  dust  would  he.  Mis  apparatus 
consists  of  a  conical  wire  frame,  which  can  be  made 
of  3-mm.  steel  wire,  by  coiling  it  on  a  wooden 
mandel ;  the  resultant  coil  is  covered   with  flexible 

leather.  The  small  end  of  the  cone  is  fastened  to 
the  forward  part  of  the  drill  cylinder.  The  large  end 
has    a    heavy    leather    washer,    and    a    tight  contact 

between  the  washer  and  the  rock  wall  is  made  with 
clay.  The  air  escaping  around  the  drill  piston  is 
sufficient  to  carry  the  dust  off  through  the  discharge 
at  the  back  end  of  the  cone,  leading  into  a  pail  of 
water.  The  dust  collector  has  a  length  of  75  cm., 
and  a  diameter  of  5*5  cm.  at  the  small  end  ami  10 
cm.  at  the  large  end.  ( )nl y  t  his  one  si/e  is  required, 
for  a  hit  will  usually  gel  dull,  and  will  he  replaced 
by  a  longer  bit  after  every  advance  of  50  cm.,  which 
is  within  the  range  of  elasticity  of  the  dust- 
collector."  Queensland  Govt.  Mining  Journal,  July 
15,  1908.     (C.  15.  S.) 


Moisture  in  Mink  An;.—"  Attention  has  already 
been  called  to  the  circumstance  that  the  proportion 
of  oxygen  and  nitrogen  in  the  free  atmosphere 
remains   uniformly   constant.       Moisture,    however, 


which  is  always  present,  varies  in  amount  very  eon- 
siderably. 

A  singular  circumstance,  with  regard  to  the  vary- 
ing amount  of  moisture  in  the  atmosphere,  is  the 
fact  that  under  certain  conditions  the  atmosphere 
may  contain  a  large  proportion  of  moisture  and  still 
not  he  as  damp  as  at  other  times  when  there  is 
actually  less  moisture  present.  This  paradox 
becomes  intelligible  when  it  is  explained  that  the 
capacity  of  the  at mosphere  for  moisture  is  a  question 
of  temperature.  Perhaps  this  explanation  may  be 
still  further  elucidated  by  the  following  figures, 
whi(d)  set  forth  the  amount,  of  moisture,  in  grains 
per  cubic  foot,  which  the  air  is  capable  of  holding  at 
various  temperatures. 

Temperature  in  drains  per 

deg.  F.  cub.  ft. 

30  2-0 

35  24 

40  29 

45  3  4 

5(1  II 

4  9 
60  5  8 

65  6-8 

70  8  0 

75  !l  4 

80  1 1  0 

85  12  S 

Oil  14  8 

95  1 7  "J 

Kill  l'.i  s 

These  figures  show  the  amount  of  moisture  in  the 
atmosphere  at  various  temperatures  when  the  air  is 
'saturated,'  that  is  to  say  when  the  air  has  taken  up 
all  the  moisture  it  can  carry  invisibly.  If  the  tem- 
perature <>f  saturated  air  be  reduced,  some  of  the 
moisture  is  condensed  and  becomes  visible,  either  as 
rain  or  mist.  For  example,  suppose  a  body  of 
saturated  air,  at  a  temperature  ol  70  ,  is  cooled  to 
4!i  or  50  ,  practically  one  half  of  the  moisture  will 
be  deposited  about  4  gr.  per  cubic  foot. 
The  above  figures  not  only  show  that  the  capacity 

of  the  atmosphere  for  moisture  increases  with  the 
temperature,  but  also  that  the  capacity  for  moisture 
increases  more  rapidly  than  the  temperature.  The 
increase  of  moisture,  for  example,  from  30Q  to  40  is 
less  than  one  grain  pir  cubic  foot,  lnii  the  inci  ease 
in  the  capacity  for  moisture  at  the  other  end  of  the 
-rale,  for  a  corresponding  increase  of  temperature, 
from  III)    to  inn    is  5  grains  per  cubic  foot. 

Of  course  it  must  be  understood  that  the  air  is  not 
always  saturated,  or  even  marly  saturate  I.  On  the 
contrary  it  is  often  very  dry,  that  is  to  say  that  for  a 
given  temperature  the  amount   of  moisture  present 

may  he  much  less  than  the  amount  which  the  ail- 
could  contain. 

In  fairly  hot  summer  weat  her.  with  a  temperature 
of  say  80°,  the  air  would  be  dry  although  it  carried 
as  much  as  .">  or  (i  grains  of  moisture  per  cubic  loot, 
(in  the  other  hand,  in  winter,  with  a  temperature  of 
Bay  10°,  t  he  air  would  he  \  cry  damp  if  it  only  <ai  l  led 
■_",  grains  per  cubic  foot. 

The  question  of  the  amount  of  moisture  present  in 
the  atmosphere  of  mine-  is  of  great  importance, 
especially  in  deep  mines.  — Mining  hingin*  ertng,  July, 
1909,  p.  166.     (A.  R.) 

Tin.  lli.vr  ui  DEEP  Minks.  "It  i-  somewhat 
difficult  to  account  for  the  extremely  even  rue  in 
temperal  ure  obtaining  in  the  Kami.  The  increase  in 
temperature  proportionate  to  depth  attained  is  due 

in  the  main  to  the  secular  heat   of  the  earth,  but    is 
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also  dependent  on  a  number  of  contributory  con- 
ditions, such  as  the  presence  of  highly  pyritic  or 
carbonaceous  shales,  or  the  percolation  of  warm 
springs.  The  Eland,  it  stums,  is  little  affected  by 
such  causes,  and  the  fact  that  at  t lie  bottom  of  the 
Brakpan  and  Jupiter  shafts  the  rock  temperature  is 
only  82c  V.  is  a  most  happy  augury  for  the  future 
expansion  of  deeper  level  mining  on  the  Main  Reef 
beds.  It  should  be  remembered  thai  hitherto  the 
question  of  ventilation  has  not  been  given  any  very 
great  amount  of  consideration  on  these  fields.  We 
scarcely  think  it  has  required  it.  except  \u  a  few 
exceptional  cases,  and  we  write  with  some  experience 
of  the  conditions  obtaining  in  other  parts  of  the 
world  at  depth.  With  extensive  artificial  ventila- 
tors, working  in  conjunction  with  the  higher  air 
pressures  which  it  is  proposed  to  use,  there  is  no 
reason  why  work  should  not  he  cairied  out  at  an 
even  greater  depth  than  that  spoken  of  by  Mr. 
Phillips  :  no  reason  affecting  the  miners' health,  at 
any  rate.  Let  it  also  be  remembered  that  co-opera- 
tive workings  and  the  connecting  up  of  all  shafts  and 
drives  will  further  improve  matters  underground. — 
South  African  Mining  Journal.  Science  and  Art  of 
Mining,  July  24,  1909,  p.  ."-77.     (A.  R.) 


Temperature  Gradient.  —  "The  temperature 
results  obtained  in  a  recent  bore  hole,  put  down  to  a 
depth  of  nearly  5,000  ft.,  are  interesting.  The  records 
-how  that  the  average  gradient  from  the  suiface 
down  to  the  lowest  point  in  the  tore  hole  was  1  F. 
in  s;1.  u.  This  result  compares  with  1  F.  in  64  ft., 
as  noted  in  the  report  of  the  British  Association  for 
the  Advancement  of  Science.'" — Engineering  and 
Mining  Journal,  duly  31,  L909,  p.  226.     |  \.  R.) 

A  Solution  of  a  Diamond  Drilling  Problem. 
— ••  Recently  in  putting  in  a  diamond  drill  hole  on 
the  property  of  the  Michigan  Copper  Mining  Co., 
Rockland,  Mich. .  a  breakage  occurred,  that  was  dealt 
with  in  a  peculiar  manner,  and,  in  view  of  the 
importance  of  diamond  drilling  as  a  means  oi  pro- 
specting, the  following  note  may  be  oi  interest.  'J  he 
mode  of  procedure  was  original,  in  so  far  that  no  one 
connected  with  the  diill  work  at  the  mine  had  ever 
seen  or  heard  of  a  similar  solution  of  the  |  roblem. 

A  nearly  horizontal  prospecting  hole  was  being 
drilled  from  a  point  in  one'  of  the  underground  work- 
ings The  machine  was  taking  out  a  1  J  in.  core.  The 
cote-shell  had  become  worn  thin  by  use,  so  that,  at 
a  depth  of  460  It.,  it  buckled  under  the  working 
pressure  of  the  rods  and  jammed  in  the  hole. 

The  first  step  was  to  get  the  drill  rods  out  of  the 
hole.  Jack  screws  were  applied  at  the  mouth  i  f  the 
hole  to  a  gland  bolted  on  the  rods,  sufficient  strain 
being  applied  to  break  off  the  core-shell  (dose  to  the 
core  lifter.  It  was  found  that  the  force  required  for 
this  stretched  the  460  ft.  of  rods  6  in.  Next,  the 
stump  of  core  left  in  the  hole  had  to  lie  removed.  As 
a  chopping  hit  could  not  be  used  for  this  purpose, 
without  great  risk  of  injuring  the  diamonds,  a  special 
tapering  bit  was  made.  The  larger  end  of  this  bit 
fitted  closely  enough  in  the  hole  to  centre  and  e.uide 
the  boring  end  in  grinding  out  the  core.  This  done, 
the  hit  was  replaced  by  a  taper  tap.  with  which  the 
core  lifter  was  recovered. 

Finally,  a  pointed  drill  was  made  of  tool  steel, 
properly  tempered,  and  put  on  the  rods.  With  this 
t  lie  n  mains  of  the  broken  core  sled  1,  toget  her  with  a 
portion  of  the  original  diamond  bit,  were  cu1  away 
until  the  bit  itself  was  loosened  in  the  hole.  What 
was  left  of  the  bit.  though  only  1  in.  long,  was  then 
ea-ilv    recovered    by   a   lap.  and   the  diamonds  were 


found  to  be  uninjured.  In  using  the  pointed  drill, 
great  care  had  to  he  taken  to  avoid  running  into  the 
diamonds.  To  this  end.  the  feed  of  the  drill  was 
accurately  measured  while  the  cutting  was  in  pro- 
gress. On  recovering  the  bit  it  was  found  that  there 
was  -till  a  margin  of  |  in.  of  steel  above  the  first 
diamond."  CLABENCE  M.  ET.AIGHT.— 77<e  Minimi 
\\\rl,l.  duly  lit.  1909.      (C.  15.  S.) 


Mine  Sampling  Device.— "In  mine  sampling  a 
simple  and  efficient  device  for  catching  the  rock  as  it 
is  chipped  or  broken  is  made  as  follows  :  Take  a 
pitce  of  still'  wire  about  5  It.  lonji  and  bend  it  into 
the  form  of  a  square,  with  sides  10  in.  or  11  in.  in 
length;  the  surplus  Avire  remaining  on  each  end  of 
the  piece  is  hent  outward  from  the  middle  of  the  open 
side  to  form  the  handle  of  the  device.  Now  take  a 
piece  of  canvas  or  heavy  duck  4  \i.  in  length  and 
about  -J<)  in.  deep  and  shear  off  the  ends  diagonally  so 
that  the  length  of  the  strip  at  the  top  shall  he  4  ft., 
and  that  at  the  bottom  about  2  ft.  Lap  the  upper 
end  over  about  \  in.  and  stitch  it.  providing  ample 
room  for  the  wiie  to  pass  through.  Sew  the  sheared 
ends  together,  thus  forming  a  funnel-shaped  bag. 
Now  pass  the  wire  through  the  lap  or  hem.  and  the 
bag  is  complete.  While  catching  the  sample,  a  stout 
piece  of  twine  is  tied  in  a  slip  knot  around  the 
bottom  of  the  bag.  When  it  is  desired  to  transfer 
the  sample  to  the  sample  sack,  the  twine  is  removed 
and  the  contents  of  the  bag  poured  into  the  sack. 
By  the  use  of  this  bag,  samples  may  be  taken  from 
points  which  seem  inaccessible  when  using  a  candle 
box  or  some  other  method  of  catching  the  rock." — 
Emu  in  i  rimf  ami  Minim/  Journal,  July  31,  1909, 
p.  226.     i  A    R.) 


A  Tunnelling  Recobd  ix  California.— "  A 
progress  of  579  f(  in  the  north  heading  of  the  Fer- 
nando tunnel,  during  the  month  of  May,  establishes 
a  new  world's  record  for  hand  work  tunnel  driving. 

This  is  one  of  a  series  of  tunnels  being  driven  in 
conjunction  with  the  construction  of  the  bos  Angeles 
Aqueduct,  perhaps  better  known  as  the  Owens  river 
project.  The  Fernando  tunnel  is  located  25  mih  s 
north  of  Los  Angeles,  and  pierces  the  Sierra  Madre 
range  of  mountains,  at  an  altitude  of  1,450  ft.,  ami 
when  completed  will  be  9,112  ft.  in  length,  being  the 
second  longest  tunnel  on  the  aqueduct.  The  forma- 
tion is  Cenozuic  Tertiary,  in  which  are  many  fossils 
in  a.  high  stale  of  preservation.  The  ground  is  a  soft 
sandstone,  containing  many  nodulous  boulders  and 
frequent  strata  of  hard  altered  sandstone. 

Immediately  surrounding  the  line  of  this  tunnel  is 
located,  what  is  known  as  the  Elsemere  oil  field, 
many  of  its  derricks  being  500  ft.  above  the  level  of 
tin'  tunnel.  The  pumping  level  of  the  field  being 
about  350  ft.  below  the  tunnel  level.  No  gas  of  any 
consequence  has  been  encountered  in  this  held  ;  due 
largely  to  the  fact  that  the  oil  is  of  an  asphaltum  base. 
Some  oil  was  encountered  in  the  first 500  ft.  of  the 
tunnel  driven,  hut  to  date  no  gas,  and  very  little 
water,  ha-  been  found  in  the  north  heading.  A  total 
progress  of  1,932  ft.  has  been  made  in  the  north 
heading  since  Decern  her  20, 1908,  the  date  excavation 
was  begun. 

The  volume  of  excavation  is  5  cub.  yd.  per  lineal 
foot  in  the  timbered  section,  upon  a  slope  of  0"0005 
with  a  hydraulic  capacity  of  430  second-feet. 

The  form  of  excavation  section  is  full  arch-back, 
vertical  side-,  tl.it  bottom;  timbered  with  8  8 
Oregon  pine  timbers,  a  4-piece  segmental  arch  cap 
being  used.  The  dimensions  inside  timbers  being 
Hi  ft.  s  in.  wide,  by  II  ft.  2  in.  high, 
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In  excavating,  the  full  section  was  carried  forward 
at  one  operation,  no  bench  work  nor  trimming  being 
resorted  to.  The  mechanical  equipment  is  as  follows: 
One  lu  h.p.  electrically  dm  en  blower  for  ventilation: 
one  electric  locomotive  of  1,2001b.  D.B  P.  ;  19  steel 
muck  cars,  of  rocker  dump  design,  of  32  cub.  ft 
capacity;  a  motor  generator  set  to  furnish  D.C. 
current  for  the  locomotive. 

In  the  machine  shop  is  a  15-in.  engine  lathe,  drill 
press,  emery  grinder  and  hack  saw,  all  power  dri\  en. 
The  timber  framing  sheds  contains  one  swinging  cut- 
off, one  table  and  one  hand  saw,  driven  by  an  is  h.p. 
A..C.  motor.  The  blacksmith  shop  has  all  of  the 
accessary  tools  and  equipments  for  the  work.  A 
change  room  is  provided,  equipped  with  three 
showers,  hot  and  c<.ld  water  for  the  convenience  of 
the  employees. 

The  excavation  and  timbering  was  carried  forward 
by  three  shifts,  of  Hi  men  each,  classified  as  follow-  : 
One  shift  boss,  six  miners,  six  muckers,  one  ear 
-hitter  with  mule,  one  motorman,  one  dumpman  per 
shift.  In  addition,  one  hoss  and  four  men  to  lay 
track  and  maintain  same.  The  outside  force  engaged 
was,  t  wo  blacksmiths,  one  helper,  one  machinist,  one 
electrician,  timber  foreman,  three  framers,  one 
labourer,  one  janitor,  one  const  ruction  clerk  and 
foreman.  The  superintendent's  time  being  divided 
between  the  four  camps  on  section  Xo.  .*!.  The 
timbers  are  placed  by  the  regular  heading  crew  on 
(i  ft.  centres,  and  are  kept  close  up  to  the  face  on 
account  of  the  ground  being  unsafe  to  open,  unless 
supported,  which  is  done  in  the  usual  manner,  by 
fore-polin«,r  over  the  two  top  segments  of  the  arch. 
The  sides  seldom  need  support,  due  to  the  fact  that 
the  ground  is  large  and  blocky. 

Each  round  requires  from  I  1  to  17  holes  to  break 
the  ground.  The  side  holes  being  usually  6  ft.  in 
depth,  and  the  cut  holes  "8  ft.,  the  down  V  cu1  system 
is  used. 

The  miner-'  wages  are  $3  per  day  and  muckers 
$2.50.  In  addition  a  bonus  of  25  cents  per  foot  per 
man  for  all  progress  above  10*5  ft.  per  day  was  paid  ; 
only  i  he  mine i  s  and  mucker-  working  in  the  heading 
participating  in  the  bonus  earned.  The  nearest 
approach  to  this  progress  was  made  in  the  Kicker 
tunnel,  Switzerland,  in  1903,  where  a  progress  of 
.">.'!1  ft.  was  made  in  a  31-day  month.  The  details  in 
unit  cost  and  excavation  area  have  been  unobtain- 
able. 

In  compiling  the  following  data  I  have  assumed 
the  unit  co-t   base,  in  labour,  material  and  supplies, 

instead    of   the   usual    dollar    and    cent    method.      In 

doing  this  \  believe  it  to  he  more  intelligible  for  com- 
parison. 

The  unit  base  I  have  adopted  is  per  cubic  yard  of 
excavation,  and  the  cost  is  as  follows:  Powder 
2-12  lb.,  candles  02  lb.,  Fuse  6-2  ft.,  timbers  (B.M  ) 
26'2  ft.,  power  9*8  kw.  hours' labour  0*6535  men  days. 
It  is  my  intention  to  give  such  detail  of  operative 
equipment  and  unit  cost,  and  will  enable  engineers 
and  tunnel  superintendents  to  gain  an  understanding 
of  the  work  a-  performed.  In  the  majority  of  such 
articles,  more  especially  those  pertaining  to  tunnel 
construction  in  foreign  countries,  only  the  salient 
features  are  touched  upon,  leaving  the  leader  in  the 
dark  so  far  as  the  value  of  the  work  is  concerned , 
from  t  he  standpoint  of  unit  cost . 

Leaving  out  the  local  cjst  in  dollars  and  cents  of 
the  work  on  the  Fernando  tunnel  (which  i-  not  per- 
missible in  this  article),  I  believe  the  work  done  in 

the    month    of    May    is    unequalled    in    tin-   history  of 

hand  work  tunnel  driving  as  regards  progress  and 

unit  co-t. 


In  a  further  consideration  of  the  work  I  wish  to 
call  attention  to  the  fact  that  to  team  training  i- 
largely  due  to  t  he  credit  for  the  high  rate  of  |  ro{ 
mm  even  should  we  have  a  high  wage  without  intelli- 
gent work  the  same  progress  could  not  have  hi  en 
accomplished. 

For  (in  days  previous  to  the  record  month  the  crews 

on  the  south,  a-  well  as  the  north  heading,  were 
being  instructed  in  the  methods  evolved  a-  being  the 
most  productive  ot  speed  and  economy,  for  it  wa- 
lloped, the  ground  being  good  (which  I  had  reason  to 
believe  would  prove  true)  to  complete  the  driving  in 
the  coming  December.  In  April  the  crews  on  the 
south  heading  made  510  ft.  and  the  north  heading 
1ST  ft.  During  May  some  veiy  hard  strata,  with  a 
heavy  flow  of  water  cut  the  progress  in  the  south 
heading  to  44ii  ft.  It  has  been  my  experience  from 
the  standpoint  ol  -pee. I  and  economy  that  team  work 

i-  desirable  ami  should  he  adopted  more  extensively 
by  superintendents  and  contractors.  It  means  a 
better  and  more  reliable  class  of  work  done,  because 
it  i-  done  by  the  more  intelligent  class  of  workmen, 
foi  it  is  this  kind  of  men  who  seek  this  class  of 
employment,  as  a  result  better  accommodations  and 
sanitary  conveniences  are  required,  all  of  which  tends 
toward  a  higher  development  in  the  industrial  world. 
The  progress  for  the  present  and  near  future  will 
he  materially  reduced,  due  to  an  unexpected  reduc- 
tion of  66§  of  the  bonus  and  12$  reduction  in  the 
number  of  men  in  the  heading  crews."  J.  W. 
Henderson.— 7%e  Mining  World,  July  31,  19(i9, 
p.  270.     (C.  B.  S.) 

MISCELLANEOUS. 

Some  Notes  on  Testing  Wire  Ropes.— "The 
writer  annually  tests  from   160  to  200  ropes,  and  it 

has  occurred  to  him  that  others  may  be  interested  in 
the  results  obtained  when  testing  ropes  in  use. 

Most  oi  the  ropes  used  in  Queensland  mine-  are  of 
simple  construction  that  i-  to  say,  of  six  strands, 
each  containing  seven  wires,  of  Lang's  lay,  having  an 
ultimat  e  stress  of  from  17  to  35  tons.  Frequently 
one  wire  in  each  strand  is  merely  a  core  wire,  being 
made  of  low-grade  steel  or  of  iron.  I  nless  the  core 
wire  i-  equal  to  the  other  w  ires  in  the  strand  it  i-  nol 

i sidered  in  calculating  the  ultimate  stress  of  the 

rope.  A  few  compouna  ropes  are  in  use  having  an 
ultimate  st  k  --  of  from  4-3  to  60  tons. 

Manufacturers  have  adopted  a  classification  of 
rope-  presumably  based  on  the  composition  of  the 
steel,  hut  this  classification,  judging  by  the  results 
of  tests,  doc-  not  always  present  the  uniformity  that 
is  desirable,  tn  its  report  t  he  Transvaal  com  mi  — ion 
-'.iic-:     ■  That  the  deterioration  of  a  winding  rope 

should  be  capable  of  being  a ed  by  a  competent 

pi  r-on.  while  making  the  customary  examination,  is 
i si  essential  point."  In  Queensland  sets  of  rope- 
testing  machine-  have  been  placed  in  centres  mosl 
convenient  to  the  Inspectors  of  Mine-.  With  these 
machine-  wire-  are  subjected  to  bending,  torsion  and 

ten-ion  te-ts.     The  two  lii-t  nai 1  tests,  of  course, 

have  reference  to  the  temper  of  the  steel. 

It  may  no!  perhaps  be  oul  of  place  to  here 
describe  the  system  of  rope-testing  adopted  by  the 
Department  of  Mine-,  in  this  State.  When  a 
new  rope  i-  purchased  a  piece  is  cui  off  by  the 
purchaser,  and  sent  by  him  to  the  Inspector  of 
Mine-,  together  with  a  copy  of  the  manufac 
tuier's  certificate.  That  officer  then  tests  it  and 
enters  the  results  in  a  register  kept  for  the  purpose, 
and  also  furnishes  the  purchaser  with  a  copj  of  the 

entry  in  the  register.  Afterward-,  whenever  the 
rope  is  re-Shod  «    similar    tesl     i-    made,  (he    wire-   at 
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the  same  time  being  carefully  examined  for  signs  of 
deterioration.  The  wires  are  tested  singly,  and  in 
calculating  the  ultimate  strength  of  the  rope  a  deduc- 
tion of  10%  is  generally  made  from  the  aggregate  of 
the  wires,  experience  having  shown  that  when  the 
result  obtained  by  this  method  of  testing  is  compared 
with  the  result  obtained  by  testing  a  whole  piece  of 
rope  this  is  a  fair  average  deduction.  In  comparing 
tests  of  new  ropes  with  the  manufacturers'  certifi- 
cates of  the  ultimate  stress,  it  is  found  that  a  varia- 
tion of  8%  below  the  guarantee  is  permissible,  as  it  is 
impossible  to  make  steel  wire  perfectly  uniform  in 
temper,  strength,  and  composition. 

Exception  has  sometimes  been  taken  to  laboratory 
tests  of  wire  ropes,  on  the  ground  that  there  is  no 
guarantee  that  the  piece  so  dealt  with  will  reveal 
the  defects  in  the  whole  rope.  This  at  the  first 
glance  may  appear  to  be  a  very  strong  objection,  and 
there  are  those  who  argue  that  the  only  way  to  test 
a  wire  rope  is  to  attach  to  it  a  weight  equal  to  about 
one  and  a  half  times  its  usual  working  load.  Then 
if  it  does  not  break  it  is  said  to  be  safe.  To  this 
argument  it  may  be  replied  that  a  dead  weight  test 
is,  if  unintelligently  applied,  a  source  of  considerable 
danger.  The  writer  has  known  a  new  piece  of  rope 
500  ft.  long,  when  subjected  to  this  test,  to  stretch 
11  ft  ,  and  take  three  weeks  to  shrink  to  its  former 
length.  During  this  time  it  will  be  readily  under- 
stood that  the  engine-driver  was  subjected  to  con- 
siderable annoyance.  When  applied  to  a  rope  that 
has  seen  service,  the  dead-weight  test  may  be  a  death 
trap,  since  having  stretched  very  much  while  working 
it  will  require  very  close  observation  to  determine 
the  amount  of  elongation,  if  any,  under  test.  The 
rope's  limit  of  elasticity  may  be  exceeded,  and  what 
may  be  called  '  a  permanent  set'  put  in  it  which  may 
cause  it  to  break  in  the  near  future. 

The  customary  examination  of  winding  lopes  at 
mines  is  generally  made  once  a  week,  when  the  ropes 
are  run  through  some  cotton  waste  held  in  a  man's 
hands,  and  unless  broken  wires  are  found,  the  rope 
is  said  to  be  in  good  order.  As  a  rule,  little  notice  is 
taken  of  the  flattening  of  the  wires,  and  no  effort  is 
made  to  ascertain  the  amount  of  corrosion. 

The  chief  causes  of  deterioration  in  winding  ropes 
are  wear,  corrosion,  and  crystallisation.  In  a  vertical 
shaft  wear  is  caused  by  the  rope  coiling  on  the  drum 
and  passing  over  the  pulley  wheel.  This  causes  a 
flattening  of  the  wires,  more  especially  when  the 
drum  is  narrow,  and  the  rope  coils  several  times  on 
it.  Sometimes,  also,  a  new  rope  is  damaged  by  being 
put  over  an  old  pulley  wheel  which  has  been  grooved 
by  a  smaller  rope.  In  an  underlie  shaft  there  is,  in 
addition  to  these  causes,  wear  due  to  the  rope  pass- 
ing over  rollers  in  the  shaft,  wear  caused  by  changes 
of  grade  causing  the  rope  to  bang  up  and  down 
between  the  hanging  and  foot  walls  of  the  shaft,  and 
in  a  Hat  and  underlie  shaft  wear  is  caused  by  the 
rope  being  dragged  along  the  footwall.  In  many 
vertical  shafts  in  metalliferous  mines  the  shaft  traffic 
is  so  small  that  after  three  or  four  years'  work  the 
wires  show  hardly  any  flattening.  Corrosion  may  be 
either  internal  or  external.  If  the  former,  it  is 
probably  caused  by  water  getting  into  the  heart  of 
the  rope.  This  kind  of  corrosion  is  extremely  ditfi- 
cult  to  find  out,  and  frequently  it  is  not  suspected 
when  the  rope  breaks.  Water  often  finds  its  way 
into  the  centre  of  a  rope  owing  to  neglect  to  properly 
clean  and  oil  it,  and  owing  to  the  use  of  a  stiff  lubri- 
cant, which  does  not  penetrate  beyond  the  outside  of 
the  rope.  Some  lubricants  that*  act  very  well  in  a 
cold  climate  become  gummy  in  Australia.     Outside 


corrosion  may  be  caused  by  bad  lubricants  failing  to 
protect  the  wires,  or  by  water  in  the  shaft. 

When  selecting  a  lubricant  for  a  rope,  the  greatest 
care  is  necessary,  as  acids  in  a  lubricant  may  do  great 
damage.  Formerly  a  favourite  lubricant  consisted  of 
Stockholm  tar  and  castor  oil.  Since  it  was  discovered 
that  Stockholm  tar  generally  contains  acetic  acid, 
its  use  in  lubricants  has  been  largely  dispensed  with 
in  Queensland.  A  graphite  preparation,  which  seems 
to  be  fairly  satisfactory,  has  been  much  used.  Water 
is,  of  course,  generally  met  with  in  sinking  shafts, 
and  in  some  cases  acids  are  associated  with  it.  In 
wet-sinking  shafts,  and  in  other  shafts  in  which 
much  water  is  hoisted,  the  ropes  are  often  quickly 
rendered  unsafe  owing  to  corrosion. 

After  ropes  have  been  in  use  for  some  time  they 
begin  to  show  signs  of  crystallisation,  probably  to  a 
considerable  extent  due  lo  vibration  ;  and  as  a  rule 
it  is  found  that  the  lower  end  of  the  rope  becomes 
brittle  first.  It  frequently  happens  that  a  rope  has 
to  be  subjected  to  the  torsion  test  several  times  until 
it  is  cut  at  a  point  behind  the  pulley  when  the  cage 
is  at  the  top  of  the  shaft.  A  case  recently  came 
under  my  notice  at  a  mine  where  the  engines  were 
kept  bailing  water  continuously.  Some  300  or  400  ft. 
were  kept  coiled  on  the  drums,  as  the  bailing  was  not 
carried  on  from  the  bottom  of  the  shaft.  The  engine- 
driver  one  day  found  a  great  many  wires  broken  in 
that  part  of  each  rope  that  travelled  in  the  shaft.  A 
few  days  afterwards  he  found  that  the  wires  in  the 
ropes  coiled  on  the  drums  were  also  badly  broken. 
Not  having  been  much  used,  these  wires  showed  very 
little  flattening  or  corrosion.  These  ropes  were  of 
simple  construction,  with  a  rather  high  ultimate 
stress,  and  the  wires  were  of  a  large  diameter,  becom- 
ing brittle  quickly,  as  is  often  the  case  in  this  class 
of  rope." — Robt.  Hunter. — Queensland  Govern 
ment  Mining  Journal,  Feb.  15,  1909,  p.  64.   (C.  B.  S. 


Transvaal  Iron  Ores  and  Steee  Produc- 
tion.— "  A  memorandum  has  been  issued  by  Mr. 
R.  N.  Kotze,  Government  mining  engineer,  on  iron 
and  steel  industries.  He  points  out  that  such 
industries  are  among  the  most  valuable  assets  of  any 
country,  on  account  of  the  extent  to  which  iron  bulks 
in  the  materials  required  by  almost  every  trade,  its 
permanence  when  once  established,  and  the  numer- 
ous subsidiary  enterprises  to  which  iron  and  steel 
works  give  rise.  Discussing  the  possibility  of 
establishing  such  works  in  the  Transvaal,  he  writes 
that  the  principal  deposits  of  ore  likely  to  be  of 
economic  importance  are  as  follows  :— 

{a)  Magnetite. — This  ore  occurs  in  very  large 
deposits  in  various  localities.  The  best-known  and 
most  easily  accessible  is  probably  that  on  and  about 
De  Onderstepoort,  some  nine  miles  north  of  Pretoria, 
where  the  ore  is  found  in  the  immediate  vicinity  of 
the  railway  line.  The  quantity  probably  runs  into 
many  millions  of  tons.  The  deposits  in  the  Steel- 
poort  Valley,  and  north  of  it  at  Magnet  Heights, 
are  on  a  still  larger  scale,  and  may  be  looked  upon  as 
almost  inexhaustible.  The  percentage  of  iron  in 
this  class  of  ore  is  high,  varying  roughly  from  55  to 
65%,  but  it  suffers  from  the  disadvantage  of  contain- 
ing an  excessive  percentage  of  titanium,  which 
ranges  up  to  12%.  Owing  to  this  latter  ingredient, 
the  ore  is  refractory  ami  unsuitable  for  reduction 
in  the  blast  furnace.  It  may  be  possible  by  electro- 
magnetic separation  to  diminish  the  percentage  of 
titanium,  but  this  is  a  matter  of  experiment,  and 
nothing  definite  can  at  present  be  said  about  it. 

(b)  Haematite. — This  is  found  on  and  about  the 
farm  Rosmanskop  No.  277,  twenty-two  miles  south- 
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east  of  Middelburg.  The  deposits  arc  found 
occurring  irregularly  in  the  coal  formation,  and  the 
total  amount  of  ore  available  is  apparently  not  large. 
The  haematite  is  very  pure,  running  about  65%  of 
iron  (70%  ore  is  the  possible  maximum),  and  contains 
neither  phosphorus,  sulphur,  nor  titanium  worth 
mentioning.  It  is  undoubtedly  the  best  iron  ore  in 
the  country. 

(c)  Ferruginous  quartzite  occurs  in  the  Pretoria 
beds  in  a  well-defined  geological  horizon.  The  well- 
known  ironstone  bands  on  the  hills  immediately 
south  of  Pretoria  belong  to  this  class  and  arc  a 
prominent  feature  in  the  landscape  for  many  miles 
east  and  west.  Another  easily-accessible  point 
where  these  bands  occur  is  close  to  Airlie  Station,  on 
the  Delagoa  Bay  line.  Here  there  are  three  well- 
defined  bands,  of  which  the  two  upper  are  six  feet 
and  eight  to  twelve  feet  wide  respectively.  These 
bands  are  continuous  over  long  stretches  of  country, 
and  would  yield  enormous  quantities  of  ore.  The 
percentage  of  iron  is  generally  low,  probably  between 
40  and  45  c,  but  portions  of  the  seams  run  as  high  as 
.55  ;  of  iron.  Injurious  ingredients  are  practically 
non-existent  in  tins  class  of  ore. 

(d)  Limonite. — This  ore  is  found  in  seams  in  the 
dolomite,  and  has  received  perhaps  less  attention 
than  the  others  mentioned.  Some  of  the  ore  is  of 
fair  quality,  assaying  up  to  40%  of  iron.  Owing  to 
the  softness  of  the  ore,  the  deposit  is  not  very 
prominent,  and  has  thus  hitherto  escaped  much 
attention,  but  it  might  become  of  importance  if 
found,  on  prospecting,  to  exist  over  large  areas.  A 
deposit  of  this  class  is  found  close  to  Lyttleton 
Junction,  near  Pretoria. 

{<:)  Chrome  Iron  Ore.  —  Although  not  strictly 
speaking  an  iron  ore,  this  mineral  should  be  men- 
tioned here,  as  it  may  play  a  considerable  part  when 
an  iron  industry  becomes  an  established  fact.  The 
mineral  is  found  in  deposits  as  large  as  those  of 
magnetite,  that  is,  in  apparently  inexhaustible 
quantities.  The  most  notable  occurrences  ate  found 
along  the  Pretoria-Rustenburg  line,  at  De  Kroon 
and  further  to  the  north-west,  and  in  the  Lulu 
Mountains,  north  of  the  Steelpoort  Valley,  to  tic 
Olifants  River.  The  latter  deposit  seems  to  be  the 
richer,  containing  from  40  to  .50%  of  chrome  oxide. 
while  the  ore  on  De  Kroon  assays  from  35  to  40%. 

Unfortunately,  the  other  two  prime  requisites 
coke  for  smelting  and  limestone  for  a  flux — are  not 
so  readily  available.  Put  the  memorandum  ex- 
presses the  hope  that  further  research  and  experi- 
ment may  prove  the  existence  of  suitable  coal  and 
limestone  in  the  Transvaal.  —  Transvaal  !.'>"/,,■. 
July  13,  1909.     (A.  R.) 


Reviews  and  New  Books. 


(We  shall  he  pie  wed  In  revit  w  any  Scientific  or  Tech- 
nical Work  sent  in  us  for  that  purpose. ) 

Timbering  and  Minim;  :  \  Trbatise  on  Practi- 
cal American  Methods.  By  William  ll. 
Storms,  P.M.  Imp.  8vo.,  pp.'  viii.  and  279, 
with  125  illustrations.  Ss.  (id.  (New  York, 
N.Y..  U.S.A.  :  McGraw-Hill  Book  Companj 

"The  title  of  tin- 1 k  is  rather  misleading.     The 

actual  subject  of  the  author  is  timbering:  the  min- 
ing contained  in  the  hook  is  merely  illustrative  of,  or 
explanatory  of,  the  several  methods  of  timbering 
described.     It  must  also  be  said  that,  considered  as  a 


monograph  on  timbering,  the  treatise  is  not  so  com- 
prehensive—much   less    it   is   so    nearly   exhaustive 

a-  one  might  expect.  Por  example,  it  contains  no 
reference  to  the  art  of  timbering  and  securing  a  long- 
wall  face  of  coal -a  very  vexed  question  at  the  pre- 
sent day— at  any  rati-,  so  far  as  the  British  aspect  of 
the  case  is  concerned,  ft  must,  in  justice  to  the 
author,  be  remembered  that  he  professes  to  expound 
only  practical  American  methods  ;  and  tic  foregoing 
criticism  is  not  to  We  taken  as  a  reflection  on  the 
author,  but  simply  as  an  illustration  to  our  readers 
elsewhere  that  tiny  may  not  find  in  this  volume 
exactly  all  that  its  title  might  lead  them  to  expect. 

Though  not  by  any  means  exhaustive,  the  work  is 
not  to  he  described  a-  an  elementary  treatise,  not- 
withstanding the  author's  preliminary  remark  to 
that  effect.  He  states  at  the  outset  that:  'This 
work  is  not  for  the  enlightenment  of  those  who  are 
experienced  and.  therefore,  in  no  need  of  such  a 
treatise,  but  rather  for  those  who  feel  the  need  of  a 
work  which  will  >/i\r  them  practical  ideas  of  what 
should  be  done  under  given  conditions  of  mining,  and 

how  to  do  it." 

Some  of  the  matters  treated  in  this  volume  ai 
the  selection  and  preservation  of  timber  :  the  timber- 
of  drifts  and  shafts  in  running  ground  :  the  framing 
of  shaft  and  other  timbers:  timbering  stations  at 
shafts;  the  securing  of  raises ;  the  square-sel  system 
and  its  modifications  :  the  timbering  of  large  stopes  : 
-toping  without  timber  where  timber  is  scarce;  the 
design  of  head  frames,  etc. 

The  work  exhibits  a  happy  blending  of  theory  and 
practice,  the  latter  largely  predominating.  There  is 
also  an  almost  entire  absence  of  mathematical  treat- 
ment, although  the  fundamental  principles  are 
always  well  in  evidence.  For  example,  although  the 
author  does  not  specifically  deal  with  longwall  work, 
he  touches  the  root  principle  of  the  timbering 
methods  required  even  there.  Tn  other  words,  he 
recognises  the  fact  that  in  certain  ground  the  pres- 
sure  i-  irresistible;  that  no  timbei  or  method  of 
timbering  can  entirely  resist  such  pressure,  and  yet 
he  demonstrate-  that  we  can  safely  and  successfully 
timber  through  the  irresistible  pressure  by  frankly 
bowing  to  it.  He  also  suggests  very  clearly  (though 
possibly  unconsciously)  that  'systematic  timbering,5 
i  o  be  efficient,  must  embrace  much  more  than  a  mere 
placing  of  the  props,  stulls,  bar-,  etc.,  at  a  uniform 
distance  apart."-  London  Mining  Journal,  Sept.  25, 
1909,  p.  431.     (A.  R.) 


Bagshaw,  Walter.  Elementary  Photo-micrography 
2nd  Edition.     Cr.  8vo.,  pp.  104.     Uiffe.     Net  2s. 

Caven,  R.  M.  Systematic  Qualitative  Analysis 
tor  Students  of  [norganic  Chemistry.  Cr.  Bvo., 
pp.  260.     Blackie.     Net  ::-.  (id. 

Davis,  A.  ('.  Portland  Cement.  2nd  Edition. 
Revised  and  Enlarged.  Svo.,  pp.  xix.-410.  Wood 
ford  Fawa V .     Net  1. 5s. 

Easdale,    W.   I '.     The   Practical  Management  of 

Sewerage    Disposal    Works.      A  Handbook    for  tho-e 

in  Charge.     12mo.,  pp.  56.     Sanitary  Pub.  Co. 

Pen  ton,  Henry  John  lloi-tman.  itutlines  of 
Chemistry  with  Practical  Work.  First  Part.  8vo., 
pp.  384.     Camb.  /'.     Net  9s. 

Godfrey,  ETollis.  Elementary  Chemistry.  Cr. 
Svo  .  pp.  17".     Longmans.     Net  4-.  6d. 

Horner,  Joseph  <■.  Hie  Principles  of  Fitting  for 
Engineers,  Apprentices,  etc.  lib  Edition.  Revised 
and  Enlarged.     Cr.  8vo.,  pp.   134.     Whittaker.     Net 

.5  s. 

Sloanc,  T.  O'Connor.  Elementary  Electrical  Cal- 
culations.    Bvo.,  pp.  ^14.     C.  Lockwood.     Net  9s. 
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Selected  Transvaal  Patent  Applications. 


Relating  to  Chemistry,  Metallurgy  and 
Mixing. 


Compiled  by  C.  H.  M.  Kisch,  F.M. Chart. Inst. P. A. 
(London),  Johannesburg  (Member). 


(N.B. — In  this  list  (Y)  means ]jrovisional  specifica- 
tion, and  (C)  complete  specification.  The  number 
given  is  that  of  the  specification,  the  name  that  of  the 
applicant,  and  the  date  that  of  filing. ) 


(C.)  47009.  Boiler  Sealers,  Limited  (1),  Frank 
Gilinan  (2),  George  Fredrick  Clements  (3).  Improve- 
ments in  percussive  tools  for  scaling  tubes  and  for 
rock  boring  and  the  like.     15.10.09. 

(P.)  471/09.  William  Mcllwaine  Robinson  Cusha- 
Machere.  Renewable  seating  for  vacuum  cylinder 
release  and  other  valves.     15.10.09. 

(C.)  472/09.  Bernard  Alexander  Firth  (1),  Herbert 
Henry  Ashdown  (2).  Improvements  in  or  relating  to 
shoes  for  mining  stamps  ami  the  like.      10. 10.09. 

(P.)  473  nil.  Robert  Airth.  Improvements  in 
safetv  jack  bars  for  mining  pui  poses  and  the  like. 
18.10.09. 

(P.)  474/09.  Alfred  Thorn  Banks  (1),  Louisa  Ann 
Hvde  (2).  The  dandy  machine  and  hand  detachable 
rock  .hill  head.     18.10.09. 

(P.)  475  09.  Hans  Charles Behr.  Improvements 
relating  to  pneumatic  ore  stamp-,  hammers  and  the 
like.     22.10.09. 

(P.)  476/09.  Hans  Charles  Behr.  Improvements 
in  pneumatic  stamps  and  like  percussive  apparatus. 
22.10.09. 

(C.)  479/09,  James  Irvine  MacNair.  Improved 
apparatus  principally  intended  for  use  in  sterilising 
water.     22.10.09. 

(C.)  480/09.  Ela  Bert  White.  Improvements  in 
systems  of  and  apparatus  for  washing  and  refilling 
locomotive  boilers.     22.10.09. 

(P.)  481/09.  William  Mcllwaine  Robinson. 
Binder  for  attaching  telegraph,  telephone  and  other 
wires  to  insulators  or  other  supports.     22. 10.09. 

(C.)  483  09.  The  New  Oil  Refining  Process,  Ltd. 
(1),  James  Noad  (2).  Improvements  in  the  treat- 
ment of  hydrocarbon  oils  or  the  like  for  the  produc- 
tion of  volatile  spirit.     26.10.09. 


Abstracts    of   Patent    Applications. 

(P.)    495/08.     T.  H.  Mutch.     An  improved  plant  for 

use  in  cyanide  or  like   processes   of   extracting 
metals  from  their  ores.     18.12.08. 

This  is  an  application  for  an  improved  plant  for 
use  in  the  cyanide  or  like  processes  of  extracting 
metals  from  their  ores.  The  whole  of  the  plant  is 
built  of  canvas  or  other  suitable  textile  material, 
including  the  treatment  vats,  settler-,  ami  extractor 
boxes.  Means  are  also  de\  ised  for  strengthening  the 
different  structures  and  are  as  such  described  in  the 
patent  specification. 


(C.) 


424  09.  George  Lester  Whitcombe.  Improve- 
ments in  or  connected  with  concentrators  or 
apparatus  for  separating  or  grading  metals,  ores 
and  other  substances  in  wet  recovery  processes. 
17.9.09. 


The  foregoing  application  describes  an  apparatus  for 
separating  or  grading  metals  and  the  like,  when 
these  are  contained  in  a  liquid  or  pulp.  It  consists 
of  two  vessels  concentrically  ai ranged  and  connected 
by  a  helical  partition  leading  from  a  supply  launder 
and  discharging  into  a  horizontally  revolvable  turbine 
or  blade  wheel,  the  shaft  whereof  carries  a  screw 
conveyor  located  within  the  inner  vessel  and  commu- 
nicating with  a  discharge  launder.  The  vanes  or 
blades  of  the  turbine  travel  over  an  annular  space  or 
trough  formed  in  the  bottom  of  the  large  vessel 
where  the  concentrates  are  collected,  and  from 
whence  they  are  led  to  chambers  in  a  receiving  box 
for  further  grading  of  the  material.  Means  are  pro- 
vided for  removing  a  layer  of  the  liquid  flowing  in 
the  launder  from  the  remaining  stream  in  case  of  any 
float  material  being  present,  and  conducting  it  to  a 
filtering  device  where  the  float  material  is  separated 
out. 


Changes  of  Addresses. 

Member  and  Associates  are  requested  to  notify  the 
Secretary  immediately  of  any  change  in  address, 
otherwise  it  is  impossible  to  guarantee  the  delivery  of 
Journals  or  Notices.  The  Secretary  should  be  notified' 
of  non-receipt  of  Journals  and  Notices  at  once. 


Blaine,  G.  R.,  l/o  Kokstad ;  Village  Deep,  Ltd., 
P.  O.  Box  1145,  Johannesburg. 

Clexxell,  J.  E.,  l/o  London  ;  Creston  Colorado  Co., 
Torres.  Sonora,  Mexico. 

Darling.  G.  A.,  l/o  Johannesburg:  New  Kleinfon- 
tein  Co.,  Ltd.,  Benoni. 

Hallimond,  W:  T.,  l/o  Cleveland;  Rose  Deep, 
Ltd.,  P.  O.  Box  6,  Germiston. 

KRAUSE,  H.  L..  l/o  Maraisburg  ;  Afrikander  (..  M. 
Co.,  Ltd.,  P.  O.  Box  121.  Klerksdovp. 

LEYSON,  \\\.  /  o  Florida  ;  P.  O.  Box  2718,  Johannes- 
burg. 

Philt,  H.,  l/o  Lebong  Donok,  Sumatra  :  22,  Amess 
Street,  North  Carlton.  Melbourne,  Australia. 

ROBERTSON,  T..  /  o  Germiston  ;  37,  Brewland  Street, 
Glasgow,  Scotland. 

SHABPLEY,  H.,  lo  Broken  Hill;  Ulceby  R.S.O., 
Lincolnshire,  England. 

Sukmox,  C.  B..  l/o  Shangani;  P.  O.  Box  67,  East 
Rand. 

Way,  E.  J.,  //o  Benoni;  P.  O.  Box  2927,  Johannes- 
burg. 

Weiskoit,  E.  H.,  l/o  Modderfontein  ;  Japanese 
Explosives  Co.,  Ltd.,  Hiratsuka,  Japan. 

Yates,  Arthur,  to  Lebong  Soelit,  West  Coast 
Sumatra,  Dutch  East  Indies. 


Erratum. 


October  Journal,  1909,  p.  139,  Mr.  F.  W. 
"Watson's  remarks  on  Mr.  L.  J.  Wilmotli's  paper, 
"  Experiments  on  the  Assay  of  Acid  Washes," 
should  read  as  under  instead  of  as  previously 
printed. 

Mr.  F.  W.  Watson  {Member)  :  Why  does. 
Mr.  Wilmoth  add  alkaline  sulphide  to  a  strongly 
acid  solution?  If  H.,S  in  the  nascent  state  is 
required,  the  author  should  have  stated  this,, 
since  it  seems  to  me  that  it  would  be  as  efficient, 
to  pass  H.,S  slowly  through  the  solution. 
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Proceeding's 

AT 

Ordinary  General  Meeting, 
December  20,  1909. 


The  Ordinary  General  Meeting  of  the  Society 
was  held  in  the  Lecture  Theatre  of  the  Trans- 
vaal University  College,  on  Saturday  evening, 
December  18th,  Dr.  James  Moir  (Vice-Presi- 
dent) in  the  chair.     There  were  also  present :  — 

46  Members  :  Messrs.  W.  R.  Dowling,  C.  B. 
Saner,  K.  L.  Graham,  E.  J.  Laschinger,  A. 
Richardson,  G.  O.  Smart,  R.  Stokes,  H.  A. 
White,  Prof.  J.  A.  Wilkinson,  R  G.  Bevington, 
W.  A.  Caldecott,  Andrew  F.  Crosse,  H.  A. 
Adams,  W.  Beaver,  F.  W.Bentlev,  W.  Broom,  E. 
Browne,  W.  M.  Coulter,  M.  J.  Doyle,  G.  G. 
Ferris,  A.  D.  Gilmore,  B.  J.  Hastings,  Dr.  J.  McC. 
Henderson,  A.  J.  Herald,  C.  B.  Hilliard,  J.  H. 
Johnson,  T.  Johnson,  G.  A.  Lawson,  J.  Lea,  R. 
Lindsay,  W.  D'A.  Lloyd,  R.  MacGregor,  M.  T. 
Murray,  S.  Newton,  F.  D.  Phillips,  J.  F.  Pyles, 
E.  T.  Rand,  D.  G.  F.  Ross,  O  1).  Ross,  A. 
Salkinson,  A.  H.  Scarf,  A.  L.  Spoor,  S.  H. 
Steels,  W.  A.  C.  Tayler,  and  J.  F.  Walker. 

1 1  Associates  and  Students  :  Messrs.  K. 
Brennan,  J.  Cronin,  W.  J.  R.  Hunter,  A.  King, 
C.  J.  McCaffrey,  R.  Murdoch,  J.  M.  Robinson, 
J.  Sharp,  H.  Stadler,  W.  E.  Thorpe,  and  W. 
Waters. 

9  Visitors,  and  Fred.  Rowland,  Secretary. 

The  minutes  of  the  previous  meeting,  as 
printed  in  the  November  Journal,  were  confirmed. 

NEW"  MEMBERS. 
Messrs.  W.  A.  Caldecott  and  A.  F  Crosse  were 
appointed  scrutineers,  and  after  their  scrutiny 
of  the  ballot  papers,  the  Chairman  announced  thai 
all  the  candidates  for  membership  had  been 
unanimously  elected,  as  follows  : — 

Barry,  Richard  Alan,  Nourse  Mines,  Ltd.,  I'.  <>. 

32,  Denver.     Mining  Engineer. 
Campbell,    John    McPhbrson,    Robinson    Deep 

G.  M.  Co.,  Ltd.,  1'.  <>.  Box  1488,  Johannesburg. 

Mill  Foreman. 


Crichton,  Charles,  Afrikander  G.  M.  Co.,  Ltd., 

P.  O.  Box  121,  Klerksdorp.  Analytical  Chemist. 
Dodd,   Michael,   P.   O.    Box  1197,  Johannesburg. 

Mining  Engineer. 
Sharwood,    William    John,    Ph.D.,    A.R.S.M., 

Homestake  Mining  Co.,  Lead,  S.  Dakota.  U.S. A. 

Metallurgical  Chemist.     (Transfer  from  At 

ate  Roll.) 
Shepherd,   Simpson,   Village    Deep,   Ltd.,   P.    (). 

Box  114.5,  Johannesburg.     Surveyor. 

The  Secretary  :  Since  the  last  meeting  of 
the  Society  the  following  have  been  admitted  by 
the  Council : — 

As  Associates. — 

Moffitt,  Charles  Edward.  Simmer  &  Jack  Pro- 
prietary Mines,  Ltd.,  P.  0.  Box  192,  Germiston. 
Amalgamator. 

Sharp,  J.  E.,  Knights  Deep,  Ltd.,  P.  U.  Box  143, 
Germiston.     Mill  Foreman. 

Strange,  Ernest  Harold,  156,  Guilford  St.,  St. 
John  (West),  New  Brunswick,  Canada.     Miner. 

Whaley,  John.  Simmer  &  Jack  Proprietary  Mines, 
Ltd.,  P.  0.  Box  192,  Germiston.     Cyanider. 

As  Student.— 

Volts,  William  Thomas  Laing,  Simmer  Deep, 
Ltd.,  P.  0.  Box  178,  Germiston.     Mill   Learner. 

General  Business. 

metallurgical  and  mining  terms. 

The  Chairman  :  I  may  mention  that  at  the 
last  meeting  of  the  Council,  Mr.  H.  A.  White 
raised  the  question  of  what  may  lie  called  a 
standard  spelling  to  be  used  in  the  Journal.  He 
considers  that  a  number  of  terms  now  used  in 
mining  in  the  plural  ought  to  lie  used  in  the 
singular,  such  as  "sands,"  "•concentrates,"  "tail 
Lngs,"  etc.  [t  caused  an  animated  discussion  in 
tli^  Council,  and  a  sub-committee  was  appointed 
to  go  into  the  question.  What  we  should  like 
now  is  suggestions  from  members  as  t"  what 
terms  should  1»'  revised  in  this  sense,  and,  gener- 
ally speaking,  what  the  members  think  of  the 
revision. 

Mr.  H.  A.  White  Member  of  Council) :  This 
sub-committee  has  been  appointed  to  consider  the 
possibility  of  improving  the  nomenclature  <>t  min- 
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ing  and  metallurgical  terms.  For-  instance,  it  is 
considered  that  it  would  be  better  to  use  such 
terms  as  "  slime."  "  sand."  and  "  residue  "  in  the 
singular  where  only  one  such  product  is  referred 
to.  Again,  such  words  as  "mullock"  and  "dirt" 
which  are  workmen's  terms,  might  be  avoided  in 
scientific  literature. 

Mr.  A.  F.  Crosse  (Past-President)  :  I  have 
much  pleasure  in  supporting  the  suggestion.  It 
is  quite  right  that  we  should  use  the  singular  in 
using  the  word  "  slime "  when  we  are  talking 
about  the  slime  of  one  mine,  but  when  we  are 
talking  about  the  slimes  of  the  Witwatersrand, 
for  example,  we  should  use  the  word  in  the 
plural. 

The  Chairman  :  I  hope  you  will  send  in 
your  suggestions  to  the  Secretary  soon  so  that  the 
sub-committee  may  be  able  to  deal  with  them  as 
speedily  as  possible. 


Mr.  A.  Richardson  (Member  of  Council) read 
the  following  on  behalf  of  the  author. 

KXDLKSS  HOPE  HAULAGE. 


By  H.  G.  Kay  (Associate). 

A  very  considerable  sum  of  money  is  expended 
annually  by  mining  companies  in  the  transport  of 
rock  to  the  reducing  plants  and  waste  and  tail- 
ings to  the  dumps.  The  most  common  form  of 
transport  for  this  purpose  is  by  means  of  endless 
rope  haulages,  and  it  is  proposed  in  this  paper  to 
give  a  few  notes  on  the  system  of  hauling  as 
practiced  on  diamond  mining  properties,  where 
large  quantities  of  ground  are  handled  in  open 
cast  workings. 

The  principle  of  the  system  consists  of  hauling 
by  means  of  an  endless  rope  to  which  the  trucks 
can  be  attached  or  detached  at  certain  fixed 
points  without  the  necessity  of  stopping  the 
rope,  thus  keeping  up  a  constant  supply  of 
trucks  to  the  working  places.  The  power  to 
work  the  haulage  can  be  transmitted  by  a 
stationary  engine,  electric  motor,  or  by  an 
ordinary  clutch  and  drum  arrangement  attached 
to  a  moving  shaft,  or  a  sub-haulage  can  be  driven 
off  a  main  haulage  rope  by  means  of  a  shaft 
carrying  a  double  drum  with  clutch  attached. 

The  speed  of  the  haulage  depends  largely  on 
the  state  of  the  running  track  ;  a  well  laid  line 
with  properly  constructed  onsetting  point  can 
lie  worked  quite  satisfactorily  up  to  a  speed  of 
5  miles  an  hour,  and  at  that  rate  1,000  to  1,200 
trucks  per  hour  can  be  handled.  With  a  rough 
track,  as  is  usually  laid  on  stone  tips  and  tailings 
dumps,  the  speed  should  be  reduced  to  about 
2  miles  per  hour,  at  which  rate  trucks  can  be 
handled  with  ease  and  safety. 


Where  curve  wheels  are  used  to  work  haulages 
around  angles  a  high  rate  of  speed  is  not  desir- 
able, as  even  with  the  best  constructed  track 
there  is  always  a  great  deal  of  wear  and  tear  on 
both  the  truck  and  the  rails  in  negotiating  the 
small  curves  which  the  radius  of  the  curve  wheels 
necessitates.  The  amount  of  deflection  off  the 
straight  for  a  curve  wheel  should  be  between  15c 
and  30°;  if  the  angle  at  the  intersection  is  too  flat 
the  rope  is  likely  to  leave  the  wheel  and,  on  the 
other  hand,  should  the  angle  be  too  acute  the 
curve,  which  by  necessity  has  usually  about  a 
3  ft.  radius,  is  too  sharp  for  the  truck  to  work 
around  with  any  degree  of  safety  :  as  a  support 
to  the  wire,  a  roller  fitted  to  a  swinging  arm 
should  be  placed  on  the  on-coming  side  of  the 
wheel,  and,  as  a  further  precaution  against  the 
rope  leaving  the  wheel,  the  latter  should  be 
slightly  elevated  on  the  off-going  side  of  the  rope. 

In  running  inclines  a  grade  of  1  in  8  (12h/C)  is 
about  the  limit  for  a  fast  travelling  haulage, 
although  at  a  lower  speed  inclines  of  1  in  6  can 
be  worked  :  the  grade  to  a  large  extent  is  limited 
by  the  speed  of  the  haulage,  as  with  a  fast  rope 
and  a  steep  incline  the  trucks  are  likely  to  up-end 
as  soon  as  hooked,  and  also  at  the  starting  and 
stopping  of  the  rope.  The  usual  method  of 
attaching  a  truck  to  the  rope  of  an  endless  haul- 
age is  by  means  of  a  "jockey,"  a  V-shaped  iron 
fork  fixed  to  the  top  of  the  truck  body,  into 
which  the  rope  is  forced  until  the  necessary  grip 
is  obtained.  The  form  of  "jockey"  largely  used 
on  the  Rand  in  earlier  days  was  bent  out  of  i  in. 
or  |  in.  round  iron  into  the  form  of  -a  V  with  a 
long  arm  projecting  downwards  from  one  corner 
to  form  a  means  of  attachment  to  the  truck.  An 
improvement  on  the  above  is  the  wrought  iron 
fan-tail  jockey,  made  in  the  shape  of  a  U  with 
the  opening  slightly  tapering  towards  the  bottom, 
the  jaws  are  also  broadened  at  the  top  so  that 
when  the  truck  receives  the  pull  of  the  rope  and 
the  jockey  turns  slightly  in  its  bracket  the  slot 
holding  the  rope  is  partly  closed  up  at  the  top 
owing  to  the  overlie  of  the  fan  shaped  jaws,  thus 
locking  in  the  rope  and  preventing  it,  to  a  large 
extent,  from  rising  and  pulling  out  of  the  jockey. 

A  very  successful  jockey  (Pack's  Patent)  in 
use  at  the  Premier  Diamond  Mine  is  constructed 
with  renewable  jaws.  Fitted  to  the  top  of  the 
pillar  is  an  oblong  cast  iron  box  into  which  the 
two  jaws  are  set,  these  being  held  in  position  by 
means  of  a  wedge  driven  down  between  them  and 
through  the  bottom  of  the  box,  this  wedge  being 
also  held  fast  by  a  small  wedge  and  split  pin. 
With  this  arrangement  each  jaw  can  be  given  a 
quarter  turn,  thus  allowing  four  wearing  faces 
before  new  jaws  are  required. 

In  laying  a  haulage  track  the  rail  On  the  side 
to    which    the   jockey    points    must    be    slightly 
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elevated  so  that  the  rope  is  brought  directly  over 
the  centre  line  between  the  two  rails,  and  to  pre- 
vent unnecessary  wear  and  tear  on  the  rope, 
rollers  or  hard  wood  rubbing  blocks  are  placed  at 
intervals  between  the  rails  to  carry  the  sagging 
rope. 

The  most  important  item  in  the  haulage  is  a 
properly  constructed  onsetting  point.  The  grade 
feeding  the  trucks  to  the  onsetter  should  be  such, 
that  when  the  truck  reaches  the  rope  for  hooking 
the  speed  of  the  rope  and  truck  are  exactly  the 
same:  should  the  speed  of  the  truck  be  either 
greater  or  less  than  the  speed  of  the  rope  a 
sudden  jerk  will  take  place  on  hooking,  which  is 
very  detrimental  to  the  life  of  the  rope. 

At  a  fast  feeding  onset,  brakes  to  regulate  the 
run  in  of  the  trucks  should  be  used,  also  a  con- 
trivance to  turn  the  jockeys  automatically  into 
the  right  position  for  hooking,  and  as  a  further 
safeguard  against  the  trucks  leaving  the  rails  at  the 
point  of  hooking,  check  rails  or  boxing  should  be 
placed  for  a  short  distance  on  each  side  of  the  on- 
setting  point.  The  catenary  curve  connecting  the 
down  grade  to  the  onset  with  the  upgrade  of  the 
incline  requires  special  attention  in  laying  out,  as 
upon  this  the  rate  of  hooking  largely  depends  : 
the  rails  must  follow  a  line  which  is  parallel  to 
the  natural  curve  taken  up  by  the  rope,  and  to 
maintain  the  rope  in  this  position  a  balance 
weight  or  tension  is  employed.  This  frame  also 
takes  up  the  amount  of  expansion  or  contraction 
in  the  rope  due  to  stretch  or  change  of  tempera 
ture ;  a  well  balanced  and  sensitive  rope  is  abso- 
lutely essential  to  a  fast  feeding  haulage. 

At  the  point  of  disengaging  the  trucks  an 
"apex"  is  formed  with  a  down  grade  sufficiently 
steep  to  cause  the  truck  to  overrun  the  rope, 
this  change  from  a  pull  to  a  push  on  the  rope 
causes  the  jockey  to  come  square  with  the  rope 
and  easily  free  itself.  On  a  long  steep  incline,  or 
in  fact  on  any  haulage  which  is  at  all  permanent, 
disengaging  frames  shou'd  be  used  and  "  slog- 
out  ''  boys  dispensed  with.  The  frames  are  made 
in  various  patterns,  a  cheap  and  effective  one  is 
in  the  form  of  a  double  cross  frame  carrying 
two  long  timber  runners  (see  Fig.  I.)  placed 
parallel  to  the  track  and  just  sufficiently  high  to 
clear  the  top  sides  of  the  truck  body;  fixed  to  the 
top  side  of  these  runners  and  at  the  off-going  end 
is  a  bar  with  a  roller  carrying  the  rope  :  as  the 
truck  reaches  the  frame  the  body  is  slightly  lifted 
until  it  comes  into  contact  with  the  runners  when 
the  rope  is  pulled  out  of  the  jockey  and  the  truck 
released  automatically  from  the  rope. 

Another  arrangement  for  a  disengaging  frame 
consists  of  a  double  frame  carrying  two  lengths 
Of  channel  iron  Bet  parallel  to  the  lope  and  just 
sufficiently  wide  apart  to  allow  it  to  pass  freely 
between  them  and  up  over   the    roller  at    the  off- 
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Fig.  I. 

going  end  ;  as  the  truck  reaches  the  frame  the 
rope  passes  up  through  the  slot  formed  by  the 
channel  irons,  and  as  the  opening  is  wide  enough 
to  admit  the  rope  only  the  jockey  is  pulled  off 
the  rope  and  the  truck  disengaged 

A  form  of  haulage  very  suitable  for  tailings 
dumps  consists  in  having  the  jockey  fit!  d  to  the 
side  of  the  truck  carriage  instead  of  on  t..il. 
body  as  is  the  usual  practice:  with  this  arrange- 
ment the  truck  can  be  tipped  without  being 
released  from  the  rope,  and  consequently  there  is 
no  time  or  labour  lost  in  disengaging  or  rebook- 
ing. A  haulage  of  tips  description  is  very  econo 
mical  as  from  the  time  the  truck  is  filled  at  tic 
bin  and  hooked  to  the  rope  there  is  no  need  to 
handle  it  again  until  it  is  returned  to  the  tilling 
bin,  the  tipping,  righting,  and  disengaging  all 
being  done  automatic,  lly.  With  this  arrange- 
ment trucks  will  negotiate  curves  of  12  ft.  radius 
or  over  by  a  series  of  rollers  set  about  '1  ft.  6  in. 
apart  and  just  on  a  level  with  the  rope;  these 
curve  frames  (see  Fig.  II.)  are  held  in  position 
by  ballasting  them  down  with  sand  bagsorstones 
and  can  lie  easily  shitted  bodily  forward  as  the 
dump  extends. 

A  serviceable  truck  tipper  (see  fig.  III.)  con- 
sists of  a  frame  carrying  a  Length  of  rail  or 
pipe  set  at  a  height  to  just  catch  the  top  of  the 
truck  body,  this  tipping  bar  is  placed  diagonally 
across  the  track  with  the  on-coming  end  about 
1  ft.  outside  the  rails  and  the  off-going  end  over 
the  centre  line  of  tin-  track:  as  the  truck  reaches 
the  tipping  bar  the  body  runs  along  it  until    it  is 

overbalanced  and  tipped,  a  check  bar  is  placed 

over  the  truck  wheels  to  prevent  the  carriage 
Capsizing  also.  The  same  principle  is  applied  to 
the  "truck  righter,"  a  length  of  rail  or  pipe  is 
bent  into  the  form  of  an  incline  plane  and  set 
alongside  the  track  so  that  the  lower  end  of  the 
incline  will  just  catch  under  the  down  turned  lip 
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Fig.  II. 


Fig.  III.— Side  View, 
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Fig.  III.— End  View. 

of  the  truck  body,  and  as  the  truck  is  drawn  along 
the  incline  the  body  is  raised  until  it  regains  its 
upright  position  (Fig.  IV.). 

At  the   Premier   Diamond  Mine  endless  rope 
haulages  are  used  throughout  the  workings;  the 


and  travels  at  about  the  same  rate  and  has  the 
same  capacity  as  the  previous  haulage  referred  to. 
The  length  of  incline  is  2,425  ft.,  and  the  verti- 
cal lift  270  ft. 

The  Chairman  :  I  think  we  owe  a  very 
hearty  vote  of  thanks  to  Mr.  Kay  for  his  interest- 
ing paper.  It  is  entirely  out  of  my  line,  so  that 
I  do  not  propose  to  comment  on  it.  The  only 
thing  that  strikes  me  at  present  is  that  a  paper 
of  this  sort  seems  to  go  far  towards  solving  the 
native  labour  question,  by  making  things  more 
automatic  than  they  are  at  present. 

Mr.   R.   G.    Bevington  (Past-President):     I 

should  like  to  second  the  vote  of  thanks  to  Mr. 
Kay.  On  the  occasion  of  our  .Society's  visit  to 
the  Premier  Diamond  Mine,  this  was  one  of  the 
devices  that  struck  me  and  interested  me  very 
much,  and  it  is  certainly  of  advantage  to  have  a 
description  of  it  on  .record  in  our  Journal.  I 
was  interested  in  watching  the  way  the  trucks 
were  hauled  along,  automatically  tipped  and 
automatically  righted. 


Mr.  E.  T.  Rand  (Member)  read  the  following 
paper : — 


TrtUCK     /?/GtfT£f?-- 
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main  haulage  to  No.  III.  gear  has  three  changes 
of  grade,  the  steepest  being  1  in  8,  or  12 \  ,  the 
tracks  are  laid  with  40  lb.  rails  set  on  wooden 
sleepers,  width  between  up  and  down  tracks  6  ft. 
The  rope  is  of  plough  steel  1]  in.  diameter, 
travelling  about  4^  miles  per  hour.  The  rate  of 
hooking  on  this  haulage  is  from  1,000  to  1,200 
loads  per  hour,  although  over  2G,000  loads  have 
been  hauled  in  a  working  day  of  21  hours,  and 
over  140,000  loads  in  the  week.  The  length  on 
incline  from  onset  to  apex  is  3,123  ft.,  and  the 
vertical  lift  2:5!)  It. 

The  new  incline  to  No.  4  gear  on  the  same 
mine  has  two  changes  of  grade  1  in  8"9  (  I  1  "2  ), 
and  1  in  8  (12.1,/)  respectively,  the  tracks  are 
also  laid  with  40  lb.  rails,  8  ft.  centres  between 
tracks,  the  rope  is  \\  in.  diameter  plough  steel, 


A  ROTARY  EXTRACTOR  FOR  PRECIOUS 
METALS   Fl!OM  SOLUTION'S. 


By  W.  DArcy  Lloyd  and    Ernest   T.  Rand 

(Members). 


From  time  to  time  attempts  have  been  made 
(•>  precipitate  Lr"ld  and  -diver  from  their  cyanide 
solutions  whilst  the  precipitating  agent  was  in 
motion,  with  more  or  less  success.  For  example, 
/inc  Bhavings  have  frequently  been  subjected  t<> 
mechanical  motion  whilst  in  contact  with  the 
gold  and  silver  cyanide  solutions,  and  in  most 
cases  as  far  as  actual  precipitation  of  the  precious 
metals  was  concerned,  Bome  Buccess  has  been 
achieved,  but  mechanical  difficulties  have  deve- 
loped   due    to   the    method    of  applying  motion 
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by  attrition,  or  an  insufficient  contact  of  the 
causing  the  breaking  up  prematurely  of  the  zinc 
solution  with  the  zinc.  The  main  idea  under- 
lying all  the  attempts  to  perform  the  operation 
of  precipitation  with  the  precipitating  agent  in 
motion,  is  to  avoid  the  fouling  of  the  zinc,  which 
is  so  painfully  evident  in  the  first  compartments 
of  all  our  extractor  boxes  after  a  three  days'  run 
from  time  of  dressing.  It  is  well  known  that 
after  thorough  washing  and  redressing,  the  zinc 
will  go  on  precipitating  as  briskly  as  ever 
until  fouling  starts  again.  The  natural  inference 
from  this  is  that  if  the  zinc  could  be  kept  con- 
tinuously in  motion,  thus  preventing  fouling, 
the  highest  efficiency  would  be  maintained. 
Having  this  in  view,  we  have  evolved  the  machine 
of  which  we  endeavour  to  give  some  idea. 

The  precipitating  agent  used  was  zinc  in  the  form 
of  shavings  and  clippings,  the  latter  being  cut  from 
sheet  zinc  and  approximately  \  in.  to  |  in.  square 
The  machine  is  a  rotating  one,  with  a  water  tight 
casing  of  comparatively  light  steel  plate,  the  casing 
being  fitted  with  plates  to  divide  it  into  compart- 
ments. In  the  machine  with  which  the  experi- 
ments were  carried  out,  there  were  four  of  these 
compartments,  but  we  have  reason  to  think  that 
the  result  required  would  be  attained  with  three, 
the  third  being  one-third  larger  than  the  first  and 


second  (see  sketch).  In  the  centre  of  these 
division  plates  are  securely  fixed  bearings,  in 
which  a  hollow  shaft  rotates.  Two  circular  discs 
in  each  compartment  distant  from  each  other 
almost  the  full  length  of  the  compartment,  are 
securely  bolted  to  flanged  collars,  which  in  turn 
are  fixed  to  the  shaft.  The  shaft  with  these 
discs  and  other  attachments  form  the  rotor.  The 
rotor,  besides  being  divided  into  compartments 
in  length,  is  subdivided  radially,  in  appearance 
much  as  a  transverse  section  of  an  orange.  There 
are  sixteen  radial  divisions,  which  number  was 
arrived  at  experimentally,  the  pressure  of  solution 
during  rotation  of  a  smaller  number  tending  to 
press  the  zinc  against  the  wall  of  the  divisions 
leaving  a  space  between  the  zinc  and  the  next 
wall.  The  use  of  the  larger  number  of  radial 
divisions  obviated  this  tendency.  These  radial 
divisions  are  removable,  and  are  lightly  and 
strongly  constructed  of  perforated  (j';.  in. 
holes)  steel  plate.  Between  and  attached  to 
the  discs  a  suitable  framework  is  fixed  to 
contain  the  sections.  There  are  many  simple 
methods  of  retaining  the  sections  when  in 
position.  Each  section  has  a  door  of  the  same 
material  as  that  of  which  the  section  is  con- 
structed, so  that  each  is  independent  of  its 
neighbour.     Around  the  shaft,  and  fixed  securely 
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direction  of  flow  of  solution 


Bore  of  Shaft  blocked  ai  B^B* 


The  Rotary  Extractor. 
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to  the  flanged  collars  to  which  the  rotor  discs  are 
fixed,  is  a  strong  screen  of  \  in.  mesh  leaving  a 
space  of  about  2  in.  between  itself  and  the  shaft, 
to  prevent  any  fine  material  entering  the  shaft. 
The  shaft,  as  before  stated  is  hollow,  the  bore 
being  of  ample  size  to  allow  of  the  free  flow  of 
the  solution.  The  parts  of  the  shaft  enclosed  by 
the  flanged  collars  are  perforated  by  inch  holes  to 
allow  of  the  free  egress  and  ingress  of  solution.  At 
the  required  position  the  bore  of  the  shaft  is  tightly 
closed  to  regulate  the  flow  of  the  solution  to  wher- 
ever it  is  required.  At  the  inlet  for  the  solution 
end  of  the  rotor  is  a  small  tank  to  act  as  a  steady 
head,  the  top  of  this  tank  extending  about  18  in. 
above  the  top  of  the  rotor  casing.  At  the  outlet 
end  of  the  casing,  the  pipe  for  carrying  away  the 
effluent  is  so  placed  that  a  constant  level  of  the 
solution  is  maintained  within  the  casing,  which 
insures  that  the  rotor  will  be  completely  sub- 
merged. The  bottom  of  each  of  the  casing  com- 
partments is  made  in  the  form  of  a  cone,  and  to 
this  is  fixed  a  valve  which  connects  the  cone  with 
a  settling  tank,  whose  total  capacity  is  equal  to 
one  and  a  half  times  that  of  the  casing  ;  this  is 
divided  into  compartments  to  correspond  with  the 
number  of  those  in  the  casing.  All  the  solution 
passes  from  the  casing  into  the  settling  tank  from 
both  the  first  and  third  compartments.  The 
solution  passes  from  the  second  compartment  in- 
to the  third  compartment  of  the  casing  along  the 
hollow  shaft.  The  compartments  in  the  settling 
tanks  have  a  sloping  bottom  to  one  point  in  each, 
at  which  point  a  valve  and  pipe  connection  is 
made  communicating  with  one  main  pipe  which 
leads  to  a  filter  press.  To  the  first  compartment 
of  the  settling  tank  a  stand  pipe  of  ample  capa- 
city is  fixed,  and  stands  outside  and  close  to  the 
rotor  casing  and  projects  a  few  inches  above  it. 
A  pipe  from  this  stand  pipe  delivers  into  the 
second  compartment  of  the  rotor  casing.  A 
similar  stand  pipe  is  supplied  to  the  third  com- 
partment  of  the  settling  tank,  and  the  outlet 
pipe  from  this  delivers  to  the  sump,  the  position 
of  this  pipe  determining  the  level  of  the  solution 
in  the  rotor  casing,  as  before  mentioned.  In  the 
case  of  the  first  and  third  compartments  of  the 
settling  tank  a  baffle  plate  is  placed  between  the 
inlet  of  the  rotor  and  casing  and  the  exit  to  the 
stand  pipe.  Each  compartment  is  supplied  with 
a  manhole  door.  A  screen  basket  is  placed 
underneath  each  inlet  to  the  tank  to  catch  any 
fine  zinc  that  may  have  passed  through  the  rotor 
casing.  A  suitable  gearing  for  rotating  the 
machine  is  tixed  to  an  extension  of  the  shaft  at 
the  exit  end  of  the  machine  and  about  1  h.p.  is 
absorbed  in  a  machine  precipitating  250  tons  a 
day. 

The  operation  oi  the  machine  is  as  follows: — 
The  solution  enters  the  steady  head,  passes  into 


the  hollow  shaft,  and  as  the  bore  is  block*  >  1  at 
the  position  corresponding  to  the  end  of  the  first 
division  of  the  rotor,  it  passes  out  through  the 
perforations,  coming  in  contact  with  the  zinc  and 
leaving  the  rotor  peripherally.  The  solution  next 
passes  into  the  settlement  tank,  and  beneath  the 
baffle  plate,  rising  to  the  constant  level  in  the  stand 
pipe  to  the  second  division.  From  here  it  again 
enters  the  perforated  shaft  passing  inwards 
through  the  zinc,  along  the  shaft,  and  outwards 
through  the  zinc  in  the  third  section  again  down- 
wards, through  the  settlement  tank  (where  the 
speed  of  the  flow  is  greatly  lessened  by  the  size 
of  this  receptacle)  beneath  the  baffle  plate  and 
up  the  stand  pipe  thence  to  the  storage  sumps. 

By  the  arrangement  of  settling  tank  it  will  be 
seen  that  there  is  but  small  chance  of  slimes 
being  carried  over  to  the  other  division.  The 
rotor  revolves  from  one  to  one  and  a  half  times 
per  minute,  and  this  is  fast  enough  to  allow  of  a 
slight  motion  of  the  zinc  in  their  sections  which 
is  as  much  as  is  desired. 

All  gold  slime  loosened  from  the  zinc  passes  to 
the  tank  beneath  :  this  can  be  removed  at  any 
time  without  stopping  the  machine  by  closing 
the  valve  connecting  the  rotor  casing  and  the 
settlement  tank,  and  allowing  the  solution  to 
overflow  the  division  plate  forming  the  first  and 
second  compartments.  The  contents  can  then  be 
pumped  into  a  filter  press,  the  solution  from 
this  being  returned  to  any  rotor  desired.  By 
means  of  the  manhole  before  mentioned  the  inside 
of  the  tank  can  be  washed  out,  this  closed  and 
valve  slightly  opened  until  settling  tank  is  full  of 
solution,  then  the  valve  opened  full. 

With  reference  to  zinc  consumption,  it  may  be 
stated  that  the  oidy  zinc  taken  to  acid  was  that 
which  passed  through  the  rotor  in  the  form  oJ 
shorts  during  its  operation. 

The  following  is  a  summary  of  the  results 
obtained  over  a  period  of  from  November  4,  1908, 
to  May  26,  L909. 

buns  were  made  with  strong,  weak  and  slime 
solutions  respectively,  the  results  obtained  being 
as  follows  : — 


Tons  "i  Solu- 
tion per  cubic 
fool  "t  zinc 
pel   'i  hours 


Value  "i  Per© 

Solution  "t 

Leaving.  Extraction. 

dw  I-.  Pel 

on:,:; 

0029  923 

0031  932 


Value  of 

Solul  i"n 

Entering. 

dwts. 

Strong    101  2221 

Weak     lsi  0383 

Slimes    L-53  "IGO 

The  above  figures  represent  the  mean  of  assay 
results  over  the  individual  runs. 

At  the  clean  up  the  solution  is  shut  -'If,  the 
belt  on  step  cone  shifted  to  faster  speed  and  rotor 
run  on  this  for  a  tew  minutes,  then  stopped. 
(  We  might  here  mention  that  tin-  sections  on  our 
experimental  machine  were  fixtures,  also  there 
was  no  settlement  tank  below).     The  sections  on 


204 


The  Journal  of  The  Chi  miccti,  Metallurgical  and  Mining  Society  of  South  Africa.  Dee.  1909 


the  top  side  were  opened  up,  the  zjnc  taken  out 
and  rinsed  though  it  was  found  that  there  was 
but  a  small  quantity  of  loose  slimes  entangled. 
The  zinc  was  returned  and  the  section  filled  up 
with  zinc  from  the  second  division.  We  found 
that  finely  cut  filiform  zinc  broke  up  into  shorts 
when  using  strong  solution  so  that  coarsely  cut 
zinc  would  be  preferable. 

When  coarse  zinc  or  clippings  are  used,  the 
adhering  gold  may  be  removed  in  an  acid  bath  as 
it  was  found  in  the  case  of  clippings  that  94%  of 
the  gold  was  removed  in  a  5%  acid  bath  in  15 
minutes,  any  deteriorating  effect  on  the  clippings 
being  negligible.  After  the  acid  bath  the  zinc  is 
thoroughly  washed  in  clean  water,  the  sections 
opened  and  examined,  and  fresh  zinc  added 
where  necessary;  it  is  found  that  the  zinc  in  this 
form  can  be  used  in  the  rotor  for  a  long  time 
with  a  minimum  consumption  of  both  zinc  and 
acid.  To  remove  the  gold  from  the  zinc  the 
sections  are  placed  in  a  drum  which  is  revolved 
in  the  acid  bath.  We  experimented  for  three 
weeks  in  our  rotor  with  clippings  and  found  the 
precipitation  as  good  as  under  the  conditions  of 
the  same  space  packed  with  filiform  zinc  (finely 
cut),  the  weight  of  clippings  being  1 1  lb.  to  1  lb. 
of  shavings. 

Our  experimental  machine  was  somewhat 
crude,  and  devoid  of  perhaps  the  greatest  mecha- 
nical essential  to  its  success,  i.e.,  the  settling  tanks, 
the  solution  passing  directly  from  one  division  to 
another  without  separation  of  precipitated  slimes. 
The  advantages  of  the  rotor  may  be  summed  up 
as  follows: — ,1)  Ready  access  by  authorised 
persons  to  the  gold  slimes,  without  stoppage  of 
precipitation,  enabling  a  daily  clean-up  to  be  made 
if  required.  (2)  With  clippings  and  coarsely 
cut  filiform  zinc,  absence  of  breaking  down  and 
readiness  of  removal  of  adhering  gold  in  an  acid 
bath  without  consumption  of  all  the  zinc,  with  a 
consequent  saving  of  zinc  and  acid.  (3) 
Clean-up  quick  and  cleanly  with  a  consequent 
advantage  of  a  minimum  of  loss.  (4)  Shortness 
of  time  rotor  is  out  of  action  during  dressing. 
(5)  No  fouling  of  zinc.  (6)  While  in  operation 
no  danger  of  theft  of  gold  slimes,  as  all  valves 
would  be  locked. 

Before  closing,  we  must  record  our  thanks  to 
the  Management  and  to  the  Consulting  Metallur- 
gist, Mr.  E.  H.  Johnson,  of  the  East  Rand  Pro- 
prietary Mines,  for  the  interest  shown,  and 
encouragement  and  assistance  rendered  while 
conducting  our  experiments. 

The  Chairman  :  I  see  you  appreciate  the 
interest  of  this  paper.  There  is  no  doubt  there 
is  some  scope  on  the  Rand  for  a  process  of  this 
sort.  On  theoretical  grounds,  any  rotary  process 
will  expose  a  larger  surface  of  zinc,  but,  of  course, 


it  remains  to  be  seen  whether  any  particular 
device  is  successful  commercially.  I  would  like 
to  know  whether  any  gentleman  has  had  any 
experience  of  it,  and  in  the  meantime  I  would 
like  to  move  a  hearty  vote  of  thanks  to  the 
authors  for  their  interesting  paper. 

Mr.  A.  F.  Crosse  (Past-President)  :  I  think 
there  is  a  great  deal  in  this  paper.  The  authors 
claim  several  advantages  for  their  method  but 
they  have  left  out  one  most  important  advantage, 
namely,  the  mechanical  driving  off  of  the  hydro- 
gen bubbles  from  the  zinc;  this  removal  of  hydro- 
gen helps  precipitation. 

Mr.  E.  T.  Rand  (Member)  :  In  connection 
with  that  I  may  say  that  the  bubbles  of  hydrogen 
on  the  surface  of  the  solution  are  very  evident 
indeed.  There  is  a  very  violent  action  going  on 
continually. 

Mr.  G.  0.  Smart  (Member  of  Council) :  I  have 
pleasure  in  seconding  the  vote  of  thanks  to 
Messrs.  Lloyd  and  Rand  for  their  paper.  They 
have  certainly  shown  considerable  ingenuity  in 
the  invention  of  their  plant.  From  the  reading 
of  their  paper,  I  have  not  been  able  to  follow  the 
whole  process,  but  it  appears  to  me  that  the 
clean-up  will  be  more  under  the  control  of  the 
responsible  man,  and  further,  the  collection  of  the 
gold  bearing  slime  ought  to  be  a  much  cleaner 
operation,  than  obtains  with  our  present  plants. 


NOTES  ON  CORROSION,  WITH  SPECIAL 

REFERENCE  TO  THE  CORROSION 

OF  STEEL  AVINDING  ROPES. 


(Bead  at  August  Meeting,  1909.) 
By  M.  Thornton  Murray,  M.Sc. 

DISCUSSION. 

Prof.  J.  A.  Wilkinson  (Member  of  Council)  : 
Before  the  author  gives  his  reply  to  the  criticism 
on  his  paper,  I  should  like,  with  your  permission, 
to  make  a  few  remarks.  The  subject  of  this 
paper  interests  me  very  much,  and  I  had  hoped 
to  have  been  able  to  have  done  some  experiments 
on  this  subject.  Just,  however,  as  the  vacation 
was  beginning,  and  hence  my  opportunity,  a 
sudden  thirst  for  knowledge  on  the  part  of  the 
mine  employes  has  deprived  me  utterly  of  the 
time  required,  as  many  of  those  present  will  be 
fully  able  to  realise.  The  author  dealt  in  his 
contribution  with  the  effects  of  corrosion  as  shown 
by  micro-photographs  of  some  typical  specimens. 
He  did  not  consider  the  power  of  resistance  to 
corrosion  of  new  wires,  a  phase  of  the  subject  which, 
in  my  opinion,  is  well  worth  investigation  and 
can  easily  be  carried  out.  The  methods  of  attack- 
ing this  problem  is  too  obvious  to  require  expla- 
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nation  here.  Further,  the  question  of  the  action  of 
lubricants  was  merely  mentioned,  and  here  again 
I  am  of  the  opinion,  that  there  is  a  wide  field  for 
investigation  on  definite  lines.  I  hope,  however, 
that  this  is  not  the  last  which  we  shall  hear  on 
the  subject,  and  I  am  sorry  to  see  that  the  subject 
has  not  met  with  that  discussion  which  its  im- 
portance to  the  mining  industry  warrants. 

Mr.  Andrew  F.  Crosse  {Past  President)  ■. 
As  Professor  Wilkinson  has  treated  this  paper  in 
a  scientific  way  may  I  ask  him  if  the  University 
College  staff  could  not  make  some  experiments 
on  the  state  of  iron  or  steel  wire  containing 
occluded  hydrogen.  It  has  probably  a  very  dele- 
terious effect  on  the  tensile  strength  of  the  wire. 
I  believe  that  it  has  been  proved  that  hydrogen 
in  this  state  has  a  specific  gravity  eight  times  as 
high  as  it  should  have  by  calculation.  This 
figure  was  obtained  in  using  palladium.  Perhaps 
Professor  Wilkinson  will  make  some  experiments 
and  publish  the  results. 

REPLY    TO    DISCUSSION. 

Mr.  M.  Thornton  Murray  (Member),  in  reply, 
said  :  I  regret  that  there  has  been  so  little  dis- 
cussion on  my  paper.  I  had  hoped  that  some  of 
the  members  would  have  brought  forward  the 
results  of  their  practical  experience,  for  it 
is  only  by  practical  experience  of  such 
epiestions  as  corrosion  that  we  can  really  test  our 
theories  :  laboratory  experiments  can  never  quite 
reproduce  working  conditions. 

With  regard  to  Mr.  Crosse's  suggestion,  I 
think  it  is  an  excellent  one.  The  phenomenon 
he  refers  to  is  not  well  understood,  and  I  will 
certainly  endeavour  to  carry  out  the  experiments 
he  mentions,  when  I  have  time. 

I  must  thank  Prof.  Wilkinson  for  going  into 
further  detail.  At  the  same  time  I  have  to  take 
exception  to  one  or  two  of  his  remarks.  I  think 
he  has  forgotten  the  title  of  my  paper.  Now,  I 
expressly  entitled  it  :  "  Notes  on  Corrosion,'' 
intending  to  deal  more  with  the  practical  than 
the  theoretical  side  of  the  question.  On  the 
other  hand,  Prof.  Wilkinson  has  justly  drawn  my 
attention  to  the  fact  that  I  omitted  giving  credit 
to  Dr.  Whitney.  Dr.  Whitney  has  certainly  done 
much  good  work  on  the  subject,  but  it  was  I  >r. 
Cushman  who  first  demonstrated  Whitney's 
theories  in  so  excellent  a  manner,  that  his  name 
has  eclipsed  that  of  Whitney  as  pioneer  ol  the 
electrolytic  theory.  If  Prof.  Wilkinson  will  refer 
to  the  Locomotive  Engineer  of  (I  believe) 
August,  1908,  he  will  find  a  summary  of  a  paper 
which  I  had  the  honour  of  reading  before  my 
own  University  Metallurgical  Society,  wherein 
full  credit  is  accorded  to  Dr.  Whitney. 

Prof.  Wilkinson  observes  that  he  would  prefer 
"  the  C02  theory,"  as  a   name  for  the  original 


theory  of  corrosion.  I  am  surprised  that  Prof. 
Wilkinson  should  make  use  of  such  a  phrase  ;  it 
is  scarcely  academic.  "  The  CO.,  theory"  would 
never  be  used  by  chemists  ;  "  the  carbon  dioxide 
theory  "  might.  Then  Prof.  Wilkinson  has  drawn 
attention  to  the  matter  of  lubrication,  and  the 
effect  of  the  dissociation  of  oils  in  promoting 
corrosion.  I  think  such  a  phenomenon  (if  it 
exists)  is  scarcely  of  practical  importance,  because, 
after  all,  we  find  that  lubricants  retard  corrosion 
in  almost  every  case,  and  the  case  of  wire  haulage 
ropes  is  not  so  very  different  from  other  cases  of 
lubricated  surfaces. 

I  certainly  regret  that  Prof.  Wilkinson  has  not 
been  able,  owing  to  the  claims  of  the  "  Reef,"  to 
carry  out  the  experiments  he  outlined,  so  that  he 
might  have  placed  the  benefit  of  his  very  great 
chemical  knowledge  at  our  disposal. 

The  Chairman  :  I  think  I  must  congratulate 
the  author  on  his  spirited  reply.  One  point  I 
would  like  to  refer  to,  is  the  protective  action  of 
alkali  on  driving  wires.  I  think  if  Mr.  Murray 
has  any  spare  time  he  might  look  into  that 
question  a  little  more  fully.  Theoretically,  I 
suppose  the  one  which  is  most  alkaline,  namely, 
caustic  potash,  ought  to  be  the  best,  but  there 
are  obvious  difficulties  in  using  it. 


Prof.  J.  A.  Wilkinson  (Member  of  Council) 

read  the  following  reply  :— 

PRECIPITATION  FROM  CYANIDE 

SOLUTIONS    BY   ZINC   SHAVINGS     AND 

DUST  :   A  COMPARISON  OF  RESULTS 

AND  COSTS. 

(Head  at  Janunnj  Meeting,  1900.) 

By  Allen  J.  Clark  (Associate) 

RKI'LY    To    DISCISSION. 

Mr.  Allen  J.  C'ark  (Associate):  In  replying 
to  the  discussion  of  this  paper,  I  find  it  neces 
sary  to  refer  also  to  Mr.  Linton's  paper  in  the 
./oiini'ii  tor  August,  1901),  in  which  he  replies  to 
the  discussion  of  bis  earlier  paper.  Indeed,  with 
the  exception  of  this  article,  there  i>  little  to  which 
i  can  reply,  as  my  paper  met  many  of  the  points 
raised  by  Mr.  lVarce. 

If  I  have  read  Mr.  Pearce  correctly,  and  have 
expressed  myself  intelligibly,  then  Mr.  Linton  has 
misinterpreted  us  both  in  his  attempt  to  compare 
our  results.  My  statement  had  reference  to  but 
one  type  of  solution,  and  that  (viz.,  the  first  and 
last  drainings,  or  "  low  solution  " ;  of  minor  value 
and  importance.  Mr.  Pearce  stated  that  no 
figures  wen  available  for  zinc  consumption  for 
slime'  solution  —the  solution  most  nearly  resembl 
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ing  that  with  which  the  Homestake  experiments 
were  conducted — and  gave  figures  for  the  whole 
plant. 

I  had  aimed  to  confine  myself  to  the  discussion 
of  the  relative  efficiency  of  zinc  shavings  and  zinc 
dust  upon  identical  solutions,  and  sought  to  avoid 
any  generalisations  therefrom,  other  than  as  to 
the  Homestake  plant,  inasmuch  as  the  attempt  to 
compare  results  achieved  at  different  plants,  pre- 
cipitating, probably  by  different  methods,  solu- 
tions of  widely  varying  composition,  has  always 
seemed  to  me  to  be  without  profit ;  and  while 
Mr.  Linton's  later  figures  only  confirm  me  in  this 
belief,  I  feel  it  only  fair,  in  view  of  his  statement, 
to  say,  following  literally  Mr.  Pearce's  form,  that 
at  the  Homestake,  for  the  eleven  month  period 
ending  November  30,  1908,  "taking  it  over  the 
whole  plant,  it  works  out,  on  an  average,  to 
"096  lb.  zinc  dust  per  ton  treated,  irrespective  of 
the  grade  of  the  material  treated.  If  expressed 
in  relation  to  the  gold  recovered  it  would  be 
2*13  lb.  zinc  dust  per  ounce  recovered,"  or,  if  in 
terms  of  the  gold  and  silver,  it  would  be  1*55  lb. 
zinc  dust  per  ounce  Au  +  Ag  recovered.  This 
from  tailing  assaying  $1.20  per  ton. 

With  Mr.  Linton's  review  of  Mr.  Pearce's 
experiments  I  am  in  general  accord.  To  his 
suggestions  as  to  the  factors  influencing  the 
results,  I  would  add  these  :  alkalinity  of  solutions, 
rate  of  flow,  continuity  of  flow,  and  design  of 
press — the  latter  inasmuch  as  the  Merrill  triangu- 
lar press  marks  a  great  forward  step  in  the 
development  of  the  zinc  dust  process.  I  would 
also  suggest  that  Mr.  Pearce  might  have  done 
better  had  he  reduced  the  air  agitation  to  a 
minimum,  or  even  dispensed  with  it  entirely,  and 
given  all  possible  attention  to  preventing  the 
oxidation  of  the  zinc  dust  precipitate. 

Since  reading  this  article,  however,  I  have 
made  a  few  brief  runs  at  strengths  lower  than 
•02%  KG  NT,  and  these  have  indicated  that, 
though  when  the  average  strength  is  "02%  some 
few  hundred  tons  of  a  strength  of  '015%  or  even 
"01%  may  be  successfully  precipitated,  the  preci- 
pitation of  solutions  of  a  lower  average  strength 
than  '017%  would  be  difficult,  and  of  an  average 
strength  of  "01%  well  nigh  impossible.  Our 
present  practice  has  brought  us  a  long  way  below 
Mr.  Pearce's  minimum  strength  of  "05%,  but  it 
has  not  brought  us  all  the  way  necessary  to  meet 
his  requirements. 

The  influence  upon  the  zinc  consumption  of 
the  proportions  of  gold  and  silver  and  of  the 
strength  and  grade  of  the  solutions  to  be 
precipitated,  is  of  course  great,  whatever  form  of 
zinc  may  be  employed.  It  may  be  interesting  to 
elaborate  Mr.  Linton's  table,  noting  that  all  these 
results  are  from  zinc  dust. 


Ratio 

Au  :  Ag. 


Remarks 


Pounds  zinc  dust 
consumed  per  oz. 

\ '  i  r  Ag, 

Precipitated. 

o  oU   Homestake 'low solution' 

•91 
•59 
•57 
■42 

*■•■ "    Moniana.  W.  .1.  Sharwood 


'weak  solution' 
Cerro  Prieto. 


Oz.  Au      ig 
per  ton 

Solution. 

'02  2  :  2 

■15  22  :  1 
•47  1:4 

•49  1  :  4 

•70  1:4 

1-84  1  :  19 

"  -"J  1   •  •  '•'  to    An  American  mill. 

As  to  the  cost  of  refining  precipitates  the  same 
difficulty  of  comparison  exists  ;  at  the  Homestake 
we  have  never  found  trouble  in  acid  treating  the 
zinc  dust  precipitates  since  we  learned  the  lesson 
of  protecting  the  precipitate  from  oxidation. 
Such  plants  as  have  had  this  difficulty,  so  far  as 
I  am  aware,  owe  it  to  insufficient  attention  to 
this  point. 

I  submit  to  Mr.  Linton  that  as  between  the 
processes  the  difference  in  bulk  of  precipitate 
can  Ly  no  means  be  gauged  by  comparison  of  the 
zinc  consumed.  Again  to  elaborate  his  figures, 
we  have 

Zinc  consumption,  ll>s.  per  oz 
Plant  Method  Au+Ag,  precipitated. 

Cerro  Prieto     Dust  -4 

Liberty  Bell      Shavings     "29 

Montana  Dust  T8 

Homestake        Dust  D55  (or  2T3  gold  only.) 

Rand  Shavings       -  (1  to  3,  gold.) 

From  these  premises,  without  supplementary 
data,  it  would  be  difficult  to  arrive  at  any  con- 
clusion ;  indeed,  "  that  way  madness  lies." 

It  may  be  interesting  to  note  that  zinc  dust 
precipitates  have  carried  up  to  65%  of  precious 
metal,  and  that  the  Merrill  presses  at  the  Home- 
stake  have  yielded  a  product  over  42,000  times 
as  rich  as  the  solution  from  which  it  was 
derived. 

Mr.  Pearce  has  made  clear  to  us  several  features 
of  the  African  practice.  I  would  like  to  ask  him 
for  light  upon  one  more  point.  He  states  that 
the  amount  of  zinc  used  over  "  the  whole  plant  " 
amounts  to  from  1  to  3  pounds  per  ounce  of  gold 
recovered.  Are  these  the  figures  for  different 
months  at  the  same  plant,  or  do  they  represent 
the  extremes  found  at  different  plants  in  the 
district?  And  if  the  former,  what  causes  can 
lead  to  such  a  great  variation  in  the  efficiency  of 
the  zinc  ! 

The  Chairman  :    We  are  bound  fco  thank  the 

author  for  his  very  interesting  [taper,  and  for   his 
still  more  interesting  reply. 

CONTRIBUTED. 

Mr.  S.  H.  Pearce  (Past  President) :    In  reply 

to  the  above,  I  have  to  state  that  the  variation  in 
the  zinc  consumption  here,  from  1  to  3  lb.  per  oz. 
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recovered,  represents  extremes  on  the  field,  and 
not  month  to  month  results  on  the  same  plant. 
The  chief  variation  in  the  consumption  as 
expressed  in  lb.  per  oz.  of  gold  recovered,  is 
caused  by  the  value  of  the  solution  precipitated, 
i.e.,  rich  solutions  will  show  a  low  consumption 
of  zinc,  and  vice  versa.  The  consumption  of  zinc 
per  ton  of  ore  treated  will  vary  according  to  the 
amount  of  solution  precipitated,  and  •  this  again 
will  vary  according  to  the  strength  of  solution 
employed. 

Another  factor  of  some  importance  is  the  pro- 
portion of  zinc  removed  from  the  extractor  boxes 
at  the  clean-up. 

As,  however,  I  do  not  propose  to  deal  with  the 
matter  at  any  length,  I  might  answer  Mr.  Clark's 
query  briefly  as  follows  :  — 

1-lb.  zinc  consumed  per  oz.  of  gold  recovered 
represents  the  best  work  on  rich  material,  such  as 
5  dwt.  mill  pulp  and  over. 

2-lb.  consumption  represents  economic  work 
on  2'5  dwt.  mill  pulp. 

3-lb.  consumption  will  probably  cover  the 
average  of  the  least  economic  work  on  the  same 
value  or  lower,  and  is  generally  due  to  a  closer 
clean-up  than  is  necessary  to  preserve  effective 
precipitation. 

Tt  will  probably  interest  Mr.  Clark  also  to 
hear  that  we  intend  to  make  another  attempt  to 
use  zinc  dust,  and  that  we  hope  to  lie  able  to 
chronicle  more  encouraging  results  than  were 
obtained  on  the  former  occasion. 


Prof.  J.  A.  Wilkinson    {Member  of  Council) 
read  the  following  reply  : — 

RESEARCHES    ITOX    THE     TELLURIDE 
GOLD  ORES  OF  CRIPPLE  CREEK 

(COLORADO). 


(Bead  at  May  Meeting,  1909.) 


By  the  Poetland  Metallurgical  Society 
(edited  by  Thos.  B.  Crowe). 


BEPLY   TO   DISCUSSION. 

Mr.    Thos.    B.    Crowe:     In    answer  to   Dr. 

Moir'fl  criticism  upon  my  article,  appearing  in 
your  July  issue,  I  am  afraid  that  I  >r.  Moir  has 
drawn  conclusions  which  are  incorrect. 

Possibly  he  is  right  as  to  ammonium  persul- 
phate not  giving  off  S02,  however,  we  are 
thoroughly  acquainted  with  the  facl  thai  our 
leading  authorities  differ  upon  the  Bubject. 

As  for  the  liberation  of  I  from  Kl    in   an   alka 
line  solution,  I   ask  him  to  try  a  simple  experi- 
ment before  making  further  statements,      .Make 


a  NaOH  solution  of  one  to  two  tenths  per  cent, 
strength,  or  about  the  same  strength  in  alkali  as 
an  ordinary  working  cyanide  solution,  add  a  little 
KI  and  persulphate  and  then  test  for  I  by  any 
method  preferred.  (I  think'  that  he  will  find  it 
possible  to  collect  the  I  with  CS2  )  After  being 
satisfied  as  to  the  existence  of  free  I,  take 
some  of  the  solution  and  be  satisfied  as  to  its 
alkaline  condition. 

We  were  aware  that  it  was  a  well-known  fact 
that  the  halogen  salts  of  cyanide  could  not  resisl 
alkali  and  it  was  the  following  out  of  this 
principle  (keeping  the  protective  alkalinity  at 
the  lowest  possible  point),  that  we  were  able  to 
obtain  good  results. 

As  for  the  replacement  of  KI  by  XaCl,  the 
fact  that  the  Xa  and  CI  of  XaCl  have  a  stronger 
affinity  for  each  other  than  the  K  and  I  of  KI, 
makes  it  impossible  to  liberate  the  CI  under  the 
conditions  demanded  in  this  solution.  Again,  if 
it  were  possible  to  liberate  CI  from  XaCl  under 
these  conditions  with  the  same  ease  as  I  is 
liberated  from  KI,  I  doubt  very  much  that  we 
would  be  able  to  form  C1CX,  as  we  have  experi- 
enced considerable  difficulty  in  making  this  com- 
pound. We  have  repeatedly  tried  replacing  the 
KI  with  KBr  as  well  as  with  XaCl  but  with   no 


Prof.  J.  A.  Wilkinson  (Member  of  Council) 
read  the  following  contribution  : — - 

A   SKETCH    OE    THE    SMALL    CYANIDE 

PLAXT   AS   ERECTED    AXI)    WORKED 

IX   RHODESIA. 


(Read  at  September  Meeting^  1909.) 


By    F.   J.    THOM  \s   (.Member). 
I'ISCUSSION. 

IVIr.  R.  Murdoch  (Associate  ) :  Having  had  a 
few  years'  experience  of  Rhodesia  n  cyanide 
plants,  mostly  small  and  of  corrugated  iron.  I 
venture  to  supplement  Mr.  Thomas'  paper  with 
a  few  observations. 

For  sand  plants  I  have  invariably  used  '_' I 
gauge  iron  for  the  aides  with  '22  gauge  iron  for 
the  bottoms,  on  tanks  up  to  18  ft.  diameter  and 
I  ft.  6  in.  sides.  Joints  must  be  perfectly  true, 
all  other  details  being  as  specified  by  the  author. 
As  soon  as  a  tank  is  in  position  it  is  charged  and 
solution  pumped  on  till  saturated  and  full  to  the 
brim.      After    1  2    hours' Standing   leak-   are  care 

fully  looked  for,  and  if  absent,  residue  Bauds  are 

allowed  to  pack  round  the  outside  until  level 
with  the  top.  This  ensures  uniform  support, 
protects  the  tank  and  adds  to  its  life.        \-  fir    ;is 
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the  stability  of  good  corrugated  iron  tanks  go,  I 
might  here  say  that  I  have  run  tw*o  slimes  plants 
in  this  country  built  of  that  material.  Dissolving 
vats  had  the  usual  paddle  stirring  gear,  and  were 
built  of  22  gauge  iron  throughout,  the  dimen- 
sions in  one  case  being  16  ft.  diameter  by  <s  ft. 
deep. 

Small  units  are  obviously  the  rule  on  such 
plants,  being  readily  moved  from  one  place  to 
another,  while  the  shallow  depth  of  sands,  and 
the  handling  they  get  tend  to  an  ideal  extrac- 
tion. Even  slimy  charges  from  quartz  ore 
(that  is,  containing  30  to  40%  of  very  fine 
sand,  practically  slime),  well  dug  over  daily 
and  well  drained  will  give  an  85%  extraction 
within  four  days  on  a  solution  ratio  of  1  :  1  or 
1 -5  :  1  put  on  with  a  hand  pump.  I  think  the 
average  extraction  on  these  plants  is  high,  and  I 
have  checked  the  working  of  a  few  run  mostly 
by  men  whose  knowledge  of  cyaniding  was  of 
the  poorest.  On  one  occasion  I  was  called  upon 
to  locate  a  constant  discrepancy  between  theoreti- 
cal and  actual  extraction,  and  discovered  that  the 
assayer  was  using  grain  assay-ton  weights  for  his 
samples  and  ^  mgm.  riders  on  a  decimal  beam 
for  his  prills. 

Furnaces  are  certainly  primitive,  but  with  a 
little  care  can  be  made  quite  efficient  even  in  the 
open  air.  The  method  I  favour  personally  is  to 
excavate  in  a  sloping  bank,  build  fire-brick  round 
a  suitable  dop  cask,  run  a  flue  out  for  a  few  feet 
and  then  stick  on  a  good  long  chimney.  When 
charged  with  imported  coke  there  is  not  a  better 
or  quicker  fire.  I  once  had  some  petrol  smelting 
furnaces,  which  were  delightfully  clean  and  effec- 
tive. The  cost  for  petrol  was  about  the  same  as 
coke,  but  we  could  only  renew  spares  by  ordering 
direct  from  Los  Angelos,  and  were  reluctantly 
compelled  to  discontinue  their  use  for  that 
reason.  For  muffle  work  in  the  assay  office  the 
same  type  of  furnace  cannot  be  excelled,  but  it  is 
somewhat  noisy. 

After  the  cyanide  clean  up  is  over,  the  small 
worker  very  often  insists  upon  doing  the  regular 
pot  assays  in  the  same  furnace  for  the  rest 
of  the  month.  Charges  were  weighed,  fluxed 
and  put  into  the  pots  under  the  lee  of  a  buck-sail. 
The  furnace  was  carefully  dusted  and  the  fire 
lighted,  then,  before  the  temperature  rose,  the 
pots  were  carefully  put  in  by  hand  and  packed 
round  with  coke.  Results  were  repeatedly 
checked  by  bank  assay  and  found  correct.  30% 
of  the  assays  were  2-5  A.T.,  residues  going  any- 
thing up  to  -5  dwt.,  but  what  was  most  to  the 
point,  on  the  cyanide  assays  actual  extraction 
corresponded  with  theoretical. 

Straining  zinc  slimes  on  calico  frames  is  still 
very  common,  but  many  ingenious  modifications 


are  also  to  be  seen.  The  favourite  is  a  box  with 
a  false  bottom,  and  a  suction  attached  to  a  hand 
pump,  which  removes  the  liquid  percolating 
through  the  linen  and  causes  a  vacuum.  The 
most  effective  I  ever  made  was  the  false  bottomed 
box,  as  above.  The  linen  was  strongly  supported 
on  wire  screening  again  supported  on  a  perforated 
board.  Instead  of  a  pump  I  made  a  steam 
ejector  out  of  piping,  and  on  passing  steam 
through,  it  caused  a  most  effective  vacuum,  and 
gave  a  thin  cake  of  slimes  as  dry  as  though  it 
had  come  from  a  press.  Not  only  small  workers 
but  small  mines  run  by  rich  companies  are  often 
guilty  of  calcining  slimes  in  the  open  air.  But 
here  again,  care  counts  for  a  deal.  When  the 
tray  is  filled,  sprinkle  the  slimes  with  borax  and 
press  sheets  of  filter  paper  or  newspaper  well  on 
to  the  soft  mass.  As  soon  as  a  good  heat  is 
obtained  a  skin  is  formed  and  the  paper  charred. 
Stirring,  of  course,  is  not  to  be  thought  of,  but  if 
too  thick  a  layer  of  slimes  be  not  put  on  the  tray 
the  roast  is  quite  effective.  Again,  in  charging 
pots  the  stuff  is  placed  straight  in  on  top  of  the 
flux  with  more  as  a  cover.  As  the  author  states, 
I  have  found  that  it  makes  no  difference  to  the 
product,  and  is  a  consideration  under  the  condi- 
tions described. 

The  Rhodesian  small  worker  very  seldom  has 
any  inducement  to  put  up  a  slimes  plant.  It 
can  be  safely  assumed,  that  most  of  these  small 
mines  treat  free-milling  ore.  Very  often  it  is 
rubble  and  soft  surface  stuff,  which  will  produce 
50%  slimes  through  a  600  screen,  yet  good 
amalgamation  will  leave  very  small  values  in 
either  sands  or  slimes.  It  may  be  news  to  many 
that  3  dwt.  rubble  can  be  made  to  pay  on  a 
5-stamp  proposition,  and  a  glance  at  the  Rhode- 
sian output  will  show  numbers  doing  well  on  4  to 
5  dwt.  One  large  mill  I  know  runs  its  original 
slimes  to  waste.  The  cyanide  manager  places 
their  value  at  2  or  3  gr.,  but  the  figures  are  not 
guaranteed.  I  do  know  of  a  heap  of  accumulated 
tailings  assaying  from  -6  to  "8  dwt.,  which  has 
returned  a  profit  of  £75  a  month  consistently. 
Would  any  member  like  to  treat  the  slimes 
from  that  ore  1  When  slimes  values  get  to  3 
and  4  dwt.  or  even  more  they  are  refractory 
and  need  skilled  treatment,  which  the  small 
worker  is  l"tli  to  seek  in  the  proper  quarter. 
When  he  wants  a  cyanide  plant  he  calls  in  the 
local  plumber,  and  then  casts  around  for  a  cyanide 
expert  (we  are  all  experts  up  here!)  to  run  it.  To 
save  tanks,  he  favours  collecting  in  pits  and  gives 
you  stuff  like  streaky  bacon  to  leach.  On  one  such 
plant  1  tearfully  pointed  out  that  with  48%  slimes, 
in  the  tanks  through  badly  shaped  pits  and  1  to 
3%  copper,  which  might  be  reduced  by  blanket 
st rakes  my  extraction  was  at  least  12%  lower 
than  it  might  be.     After  much  thought  on  the 
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part  of  my  superior,  the  final  result  was  my  dis- 
missal for  losing  12%  !  ! 


Mr.  H.  A.  White  (Member  of  Council)   read 
the  following  contribution  : — 

A  METHOD  FOE  THE  RECOVERY  OF 
ZINC  FROM  SOLUTIONS  OF  SULPHATE. 


(Read  at  September  Meeting,  1909.) 

By   Wm.    Cullen    (Past-President)    and    G.    F. 
Ayers  (Associate). 

DISCUSSION. 

Mr.  C.  E.  Meyer  (Member) :  I  should  like  to 
add  my  appreciation  of  the  effort  made  by  the 
authors  of  the  above  paper  for  solving  the 
difficulty,  which  in  my  opinion  is  a  question  of 
importance  and  which  before  long  will  require  a 
remedy.  As  I  have  been  employed  on  a  similar 
process  having  the  same  object  in  view  (namely, 
the  saving  of  zinc  going  to  waste  with  present  day 
cyanide  practice)  I  may  be  able  to  give  the  authors 
some  figures  and  facts  to  aid  them  or  otherwise 
in  their  proposed  new  venture.  I  am  not  wholly 
of  the  opinion  expressed  by  Prof.  Stanley,  that 
precipitation  processes  have  no  scope  in  this 
particular  branch  of  the  cyanide  works,  but  will 
prove  by  figures  that  the  waste  proposed  to  be 
treated  by  the  authors,  is  only  a  small  part  of  the 
total  waste,  the  greater  portion  being  chemical 
loss  and  therefore  not  recoverable,  rather  than 
mechanical  loss. 

The  sources  of  waste  of  zinc  may  be  divided 
into  two  distinct  classes  : — A.  Chemical  loss  ; 
B.  Mechanical  loss. 

A.  Chemical  loss.  -  -  This  is  zinc  going  in 
solution  to  the  sump*  from  precipitation  boxes. 
Also  a  small  portion  as  double  compounds  of  zinc 
and  cyanide  insoluble  in  a  10%  sulphuric  acid 
solution  and  loss  from  insufficient  washing  in  the 
filter  press. 

B.  Mechanical  loss. — This  is  caused  by  a 
considerable  quantity  of  zinc  having  to  be 
dissolved  in  the  acid  vats  to  obtain  the  precious 
metal  before  smelting. 

For  the  purpose  of  dividing  these  losses  I  will 
give  you  some  figures  from  the  October  returns 
from  the  mines,  and  I  will  take  four  of  our 
largest  producing  mines  for  this  purpose  : 

FOR    MONTH    OK    OCTOBER. 


Tons 
( lyanided. 

Stamps 

( (old  from 
<  lyanide. 

Dutj  per 
Stamp. 

< Irown  Mines  - 
E.R.P.M.    -    - 
Etandf.  Smith  - 
Simmer  &  .lack 

120,40(5 

157,200 

92,812 

69,000 

675 

82<  i 
4110 
300 

14,983 

23,01(1 

14,028 

7,096 

713 

7-07 
844 
7  7"> 

Average-     -        |     109,869 

.149 

1  1.920 

7-58 

Average  consumption  of  zinc  in  lbs.  per  ton  of 
sands  and  slimes  treated  =  0"33  lbs.  =  36,256  lbs. 
of  zinc  used  in  one  month  =  2428  lbs.  of  zinc  for 
every  oz.  of  gold  precipitated  =  6602  lbs.  per 
stamp  per  month  =  £P03  per  stamp  per  month 
=  38*848  parts  zinc  to  one  of  gold  obtained. 

The  total  number  of  stamps  running  on  the 
Rand  during  the  month  of  October,  1909,  were 
9,200.  This  gives  £9,476  sterling  as  value  of 
zinc  used  in  one  month. 

Quoting  the  author's  figures  of  £3,000  re- 
coverable zinc  in  one  month,  we  get 

£3,000  value  =  Mechanical  loss. 
£6,476  value  =  Chemical  loss. 
The  total  zinc  used  -  38  848  to  1  of  gold, 
which  gives  us  123      approx.  =  Mechanical  loss. 

26-242  =  Chemical  loss, 

or  less  than  l-3rd. 

I  do  not  think  that  this  figure  of  £3,000  was 
arrived  at  correctly,  as  the  other  base  metals  such 
as  it»on,  lead  and  copper  were  neglected  in  this 
calculation  This  would  tend  further  to  reduce 
the  recoverable  zinc.  If  this  saving  of  £3,000 
were  calculated  on  the  basis  of  tons  cyanided, 
after  deductions  for  treatment,  labour,  etc.,  it 
would  be  seen  that  this  figure  would  not  be  near 
£d.  a  ton  cyanided,  and  would  hardly  afford  facili- 
ties for  its  treatment  with  a  satisfactory  margin 
of  profit.  This  process  would  also  be  subject  to 
its  universal  adoption  by  all  the  crushing  mines. 
With  the  variations  also  which  occur  in  in- 
dividual cyanide  works  from  month  to  month, 
which  are  between  2d.  and  3d.  per  ton  cyanided, 
there  seems  very  little  hope  of  its  success,  and 
would  hardly  warrant  the  erection  of  a  plant. 

The  only  process  which  in  my  opinion  is  bound 
to  succeed  is  the  one  which  embodies  the  recovery 
of  the  zinc,  decreases  the  mechanical  loss,  and  if 
possible  recovers  the  solvent  used  during  the 
process  of  cleaning  up,  and,  which  is  the  most 
important,  consequently  decreases  the  loss  of 
gold  :— by  handling  of  the  rich  product,  by  loss 
through  heavy  solutions  from  filterpress,  by 
calcination.  This  loss  has  been  quoted  at  a 
very  high  figure  in  the  past,  and  should  there- 
fore be  worthy  of  further  investigation.  The 
present-day  process  for  cleaning  up  not  only 
leaves  the  zinc  in  a  bad  form  for  recovery, 
but  has  so  many  objections  that  Messrs.  Cullen 
and  Ayers'  paper  is  one  to  be  highly  recom- 
mended, and  it  is  only  by  combined  efforts  and 
interchanging  of  views  on  the  subject  that  a 
solution  is  likely  to  be  found. 

The  Chairman  :  We  thank  the  author  for 
his  contribution,  which  1  am  sure  will  give 
Messrs.  Cullen  and  Ayers  something  to  think  over 
in  their  reply. 
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ANALYSES  OF    OASES    FROM   BURNING 
NITRO-GLYCERIN  E  EX  PL<  >SIVES. 


(Read  at  September  Meeting,    1909.) 

By    W.    Oullex    (Past-President)    and    1).   W. 
Greig  (Associate). 

DISCUSSION. 

Dr.  J.  Moir(  Vice-President):  I  had  intended  to 

discuss  this  sooner,  but  find  I  have  no  comments 
to  make  on  their  ingenious  process  of  analysis.  I 
just  wish  to  put  on  record  the  process  I  myself  used 
3|  years  ago  (this  Journal,  1906,  p.  307),  as  it 
has  the  advantage  of  greater  directness.  This 
method  is  not  mine,  being  essentially  the  same  as 
one  invented  by  M.  Busch  about  6  years  ago. 
The  fumes  are  caught  in  excess  soda  and  treated 
(cold)  with  KMn04  as  long  as  turned  green  and 
acidified.  This  converts  the  nitrogen  (originally 
present  as  a  mixture  of  nitrate  and  nitrite) 
entirely  into  nitrate.  The  solution  (which  should 
be  pink)  is  boiled  with  a  little  sodium  acetate 
filtered  from  Mn02  if  necessary,  and  precipitated 
by  nitron  acetate,  allowing  three  hours'  cooling. 
[Nitron  is  a  remarkable  yellow  base  : 
CH — NPh  which    gives    an     insoluble 

nitrate  and  is  becoming  very 
useful    in    many     technical 
N  —  NPh  analyses]  and    weighing  as 

nitron  nitrate  0.,„H  ,-N ,( N< >..).  I  find  there 
is  a  discrepancy,  however,  in  our  results  as 
regards  blasting  gelatine,  the  authors  having 
found  about  five  times  as  much  N02  per 
gram  of  gelatim  as  I  did,  although  as  regards 
geligniti  we  are  in  agreement  (I  found 
186  c.c.  per  gram,  they  find  202  c.c).  In 
the  former  case  I  consider  that  if  gelatine  burns 
vigorously  (finely  divided)  it  does  not  give  off  so 
much  NO.,  as  it  does  when  it  burns  slowly  from 
a  lump,  and  this  point  ought  to  be  gone  into 
again:  and  while  they  are  at  it,  the  authors 
ought  to  determine  CO.,  and  CO  in  the  gases  to 
see  if  they  can  confirm  my  statement,  that  ('( ).,  is 
the  chief  product  from  gelatine  whereas  CO  predo- 
minates in  gelignite  fumes. 


>C  :  NPh 


The  Secretary  read   the  following  contribu- 
tion : — 

THE  BABBEBTON  GOLDFIELD. 


(Read  at  October  Meeting,  1909. ) 

By  A.  Richardson,  M.I.M.M.  (Member  of 
( !ouncil). 

DISCUSSION. 

Mr.  E.  Browne  {Member):  Alluvial  gold  was 
first  found  on  Barrett's  in  1881,  and  considerable 
quantities  were  recovered  from  the  various  creeks. 


The   Barrett   G.  M.  Co.   was  formed  in   1883, 
and  owns  the  Barrett's   Berlin  farm,  situated  on 
the  plateau  between  the  Kaap  and  Elands  Valley. 
Crushing  started  with  6  stamps,  and  afterwards 
30  stamps  were  erected,  but  these  were  discarded 
in  1894  in  favour  of  the  present  treatment  on 
account  of  the  excessive  amount  of  slime,  which 
carried  most  of    the    values    and    could    not   be 
treated  at  thai  time. 

The   ore,   which    is   a   kind   of   rotten   reef,   is 
found  in  irregular  leads  and  deposits  in  decom- 
posed diorite  over  large  portions  of  the  farm,  and 
is  mined  from  open  workings  which   vary  from  a 
few  feet  to  100  ft.  in  depth.  The  ore  is  trammed 
about  4  miles  and  lowered  by  self-acting  inclines 
to   the   mill,    which  is  about  1,000  ft.  below  the 
level  of  the  mine,  and  passed  through  trommels 
of  \  in.  mesh,  the  fines  going  to  the  fine  ore  bin 
and  the  coarse  to  the  crusher.     The  crusher  is  a 
Whittaker    mill,  consisting   of   a    revolving  pan 
with  two  mullers  and  a  perforated  bottom.      The 
grates  have  holes  of  J  in.  and  are  replaced  when 
these   wear  too   large.    The  mill  is  driven  by  a 
Pelton  wheel  working  under  a  350  ft.  head.   From 
the  crusher  the  ore  passes  to  the  tine  ore  bin  and 
is  then  trucked  to  the  vats.     The  vats  are  21   in 
number,- and    from   30  ft.  to   35  ft.  in  diameter, 
but  only   4   ft.    deep,   this   shallow   depth   being 
necessitated    by    tin-    slimy    nature    of    the    ore, 
amounting  to  4(>      as  it  comes  out  of  the  mine. 
When   a   vat   is   filled,  a  strong  solution  of  T5% 
K(  v    is   run    on    and    the  leaching  cock  opened; 
percolation    is    very    slow,    the    solution     taking 
about    two   days    to   run   through  ;  weak  solution 
and   water  are   run   as  usual,  and  finally  the  vats 
are  sluiced  out   through  bottom  discharge  doors 
into  the  creek.   3,000  tons  a  month  of  an  average 
assay  value   of   2-25   dwt.  are  treated,  the  treat- 
ment lasting  IS  days,  and  the   extraction   being 
91     .       The    treatment    presents    no    difficulties 
although    the   ore   carries  a  good  deal  of  copper 
and   manganese   ami   sometimes    arsenic,    cobalt, 
and    nickel  ;  the    use   of  lead   acetate   has    been 
found  to  be  superfluous  and  no  white  precipitate 
is  formed  in  the  boxes.   The  gold  slime  is  treated 
with    acid    and   smelted   in   Salamander  crucibles 
with  clay  liners,  and  an  analysis  of  it  gives  : — 
'   Au        ...  ...  4444 

Ag   ...     ..     088 

sin,  ..      ...     8*88 

ZnO  ...      ...    20  30 

Cu   ...      ...    11-40 

Pb   ...      ...     497 

Fe.,<>.  (by  diff.)  ...     913 


10000 
The  low  working  costs,  about  7s.  a  ton,  which 
are    rendered    possible   by    the  simplicity   of  the 
mining,  and  a  plentiful  supply  of  water  for  power 
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and  other  purposes  enable  this  low  grade  ore  to 
be  worked  at  a  profit.  I  have  to  thank  Mr. 
Acutt,  the  manager,  for  permission  t<>  send  these 
notes. 

Mr.  W.  A.  Caldecott  (Past- President) :     The 

reference  in  the  last  speaker's  remarks  to  the 
trommels  used  at  the  Barrett  G.  M.  Co.  is  of 
interest,  inasmuch  as  these  were  mentioned  in  one 
of  our  earliest  papers.* 

The  Barrett  ore  is  typical  of  those  suited  for 
dry  crushing  and  direct  cyaniding,  since  it  carries 
very  finely  divided  gold,  and  is  of  a  porous  friable 
nature,  not  requiring  fine  crushing  to  expose  the 
gold  contents.  With  hard  pyritic  ore  carrying 
some  coarse  gold,  direct  cyaniding  is  impracticable 
on  account  of  high  operating  and 'maintenance 
cost  when  crushing  dry  to  the  requisite  fineness: 
such  fine  product  is  unleachable  under  ordinary 
conditions,  and  the  exposed  gold  cannot  wholly 
dissolve  in  a  practicable  time  of  treatment. 

As  illustrating  the  influence  of  conditions  on 
working  costs,  I  believe  the  lowest  total  mining 
and  milling  costs  in  South  Africa,  all  under  10s. 
per  ton,  have  been  those  of  the  three  companies 
— the  Wanderer  (Rhodesia),  Bigg's  Peak  (Swazi- 
land), and  Barrett  (Kaapsche  Hoop) — all  of  which 
had  soft  oxidised  surface  ore,  and  adopted  a 
similar  method  of  dry  crushing  and  direct  cyanid- 
ing to  that  described. 


THE   ASSAY    OF    CYANIDE    SOLUTIONS 

AND    SLIME    RESIDUE    CARRYING 

DISSOLVED    GOLD. 


(Read  at  October  Meeting,  1909.) 
By  A.  Whitby  (Member  of  Council). 

DISCUSSION. 

Dr.  J.  Moir  (  Vice-President):  1  have  math'  some 
experiments  to  clear  up  the  theory  of  Mr.  Whitby's 
process.  I  made  solutions  of  KCu(  'y„  and  K  Aid  !y  , 
and  mixed  them  and,  of  course  nothing  happened; 
on  acidifying  a  mixture  of  CuCN  and  CuAuC) 
(cuprous  aurocyanide)  was  precipitated  and  the 
filtrate  from  this  was  entirely  free  from  gold 
when  tested  by  evaporation  with  aqua  regia  and 
adding  SnCl.,.  On  the  other  hand,  when  KAul  \  . 
was  used  instead  of  KAuCy.,,  although  the  result 
was  the  same  to  the  naked  eye,  I  found  unprecipi 
fated  gold  in  the  filtrate,  the  reason  being presum 
ably  thai  CuAuCy4  (cuprous  aun'cyanide)  is  nol 
totally  insoluble  in  water.  What  happens  in  Mr. 
Whitby's  process  is  this:  when  CuS04  is  added 
to  cyanide  solution  we  get  potassium  cuprous 
cyanide  and  free  cyanogen  —  CuS04  +  3KCy 
=  KCllCy.j  +  Iv.NO.,  +  CX.       Ill  presence   of    arid. 

*  See  this  Journal,  Vol.  i.,  August  21,  181)4,  p.  2a. 


we  get  CuCN  precipitated  because  the  arid 
ECuCy2  (contrary  to  IIAuCv.)  is  extremely  un- 
stable, [f  we  add  sulphite,  the  free  cyanogen  is 
removed,  and  consequently  the  second  reaction 
can  take  place  unimpeded:  KCuCy2  +  KAuCy2  + 
H2S04  =  CuAuCy,  +  Iv,SO(  +  2HCN.  But  if 
sulphite  is  omitted,  the  cyanogen  converts  some  or 
all  of  the  gold  into  KAuCy4and  we  getimperfect 
precipitation,  as  I  have  shown  above,  and  as 
Virgoe  found  long  ago  in  practice. 


EXPERIMENTS  ON  THE  ASSAY  OF  ACID 
WASHES  RESULTING  FROM  THE 
CYANIDE  "CLEAN  UP"  BY  THE  USE 
OF  BISULPHATE. 


(Read  at   October  Meeting,   1909.) 
By  L.  J.    Wilmoth  (Member). 

DISCUSSION. 

Dr.  J.  Moir  ( Vice-President) :  I  had  long 
suspected  that  acid  washes  contain  not  only 
suspended  Au  but  also  Au  present  as  HAuCy2. 
I  have  made  the  latter  and  find  it  surprisingly 
stable.  Its  dilute  solution  can  be  boiled  for 
some  time  before  it  decomposes  into  AuCX 
(yellow)    and   IK'X.      It  was  prepared  as  follows: 

(1)  Ba(OH).,  +  H.,S  +  2AgCN->-BaCy2  +  A-  s  etc 

( 2 )  2BaCy2  +  2Au  +  O  =  Ba(AuCy,).,  +  1  !a<  >. 

(3)  Ba(AuCy2)2  +  H2S04  =  BaSG4  +  211  Au(  !y2. 
This    fact   is   very  interesting,  seeing  that  both 
HAgCy2   and    HCuCy2   decompose   as    soon    as 
made. 


SOME    EXPERIMENTS    ON    SMELTING 
TITANLFEROUS  [RON  ORE. 


Part  I. — Ckucjiii.k   Kxi-krimots. 


(Read  at  November  Meeting,   1909.) 
By  Prof.  G.  EL  Stanley  (Member  of  Council). 

DISCUSSION. 

Mr.  A.  F.  Crosse  (Past  President):  On  look- 
ing up  my  old  notes  on  the  analyses  of  titanifer 
OUS  iron  ore  we  received  at  Messrs.  Johnson, 
Matthey  &  Cos.,  in  London  many  years  ago,  I 
find  that  the  ore  was  more  impure  than  the  titani- 
ferous  ore  we  have  in  this  country.  The  Nor- 
wegian ore  contained  1*56  of  pyrites,  which  in 
addition  to  tla  titanic  acid  was  certainly  a  great 
objection. 

The  Chairman  :  Were  thes -es  successfully 

worked  | 

Mr.  A.  F.  Crosse:  I  cannot  say  what  was 
done  with  it.  It  merely  passed  through  our 
hands  for  sampling  and  analysis. 
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Mr.  A.  Adair  (Member)  :  Prof.  Stanley's 
paper  has  interested  me  very  much  as  a  former 
ironworks'  chemist,  and  again  as  having  myself 
experimented  with  titanium  ores.  As  Prof. 
Stanley  is  working  for  a  definite  practical  purpose, 
it  is  a  pleasure  to  think  one  may  be  able 
to  support  him  in  a  task  that  is  not  an  easy  one. 
The  real  trouble  with  titanium  ores,  is  white 
iron,  loss  in  the  slag,  and  the  tendency  to  form 
bears  and  scaffolds. 

In  the  following  remarks  and  suggestions,  one 
has  always  to  remember,  that  however  careful  one 
may  be  to  provide  against  contingencies,  one  can 
never  trust  a  blast  furnace  to  understand  what  is 
required  of  it,  when  dealing  with  new  ores.  The 
results  are  sure  to  be  surprising  in  some  way,  and 
seldom  agreeably  so.  In  changing  twyers  wTe 
often  get  little  glimpses  of  what  is  going  on  in- 
side, and  many  curious  samples.  I  often  noticed 
lumps  of  ore  originally  haematite  or  other  varie- 
ties which  accidentally  got  to  the  twyers  without 
melting,  or  even  being  touched  by  slag.  The 
porous  ores  were  invariably  saturated  with  carbon, 
ilmenite  w-ould  come  through  apparently  un- 
changed. On  testing  the  former  with  weak  acid, 
the  strong  odour  of  carburetted  hydrogen  was 
very  marked,  with  ilmenite  scarcely  at  all.  When 
a  scaffold  was  forming,  pieces  of  it  were  procur- 
able also  from  the  twyer  house — peculiarly  sticky 
lumps  (when  hot)  of  slag  and  semi-fused  wrought 
iron.  The  bears  were  masses  of  iron  as  tough  as, 
and  similar  to,  wrought  iron,  with  abundance  of 
"kish"  and  some  pieces  of  fire-brick  from  the  lin- 
ing, also  cyano-nitride  of  titanium,  mostly  adher 
ing  to  the  metal.  Soft  haematite  would  (other 
things  being  equal)  always  give  a  good  grey  iron 
with  rough  fracture  and  high  content  of  graphite. 
Compact  and  dense  ore  would  give  an  iron  with 
finer  fracture  and  less  graphite,  whilst  ilmenite 
mixed  with  the  ore  would  always  give  white  iron 
and  (incidentally)  trouble. 

From  these  and  other  observations,  I  venture 
to  suggest  that  the  physical  character  of  the  ore, 
viz.,  its  porosity  or  the  lack  of  it,  is  the  prin- 
cipal factor  to  take  account  of  in  dealing  with 
iron  ores.  I  suggest  also  that  titanium  is  a 
hindrance,  only  so  far  as  it  may  prevent  thorough 
carbonising  of  the  ore.  Further,  one  may  pre- 
sume that  it  is  the  lack  of  sufficient  carbon  in 
this  way,  which  is  responsible  for  the  production 
of  wrought  iron,  instead  of  the  easily  fusible 
carbon  compound,  and  therefore  of  scaffolds, 
bears,  white  iron,  and  losses  in  the  slag.  I  judge 
that  with  a  porous  ore,  and  sufficient  time  in  the 
reduction  zone  of  the  furnace,  satisfactory  results 
would  be  obtainable.  Such  results  might  be 
realisable  in  practice,  by  using  a  slow  fusing  flux, 
say  a  ferruginous  clay  (for  its  alumina)  and  dolo- 
mite, to  get  50%  of  lime  and  magnesia  in  the  slag. 


If  we  take  grey  iron  as  the  index  of  success 
in  treating  titanium  ores,  then  Prof.  Stanley 
would  seem  to  have  achieved  success,  or  near  to 
it,  in  his  experiments  I  to  7,  especially  in  the  last 
case.  With  45%  of  lime  or  its  equivalent,  the 
slag  would  not  be  so  fusible  therefore,  a  longer 
time  available  for  carbonisation  would  be  given 
before  melting. 

The  experiments  with  the  silicious  slag  are  also 
of  great  interest  as  it  seems  as  if  the  author  might 
be  successful  in  this  direction.  I  would  how- 
ever suggest  that  a  silicious  slag  would  require  a 
special  lining,  approaching  Dinas  brick  or  gan- 
nister.  The  Vereeniging  fire-clay  with  admix- 
ture of  quartz  would  perhaps  meet  the  case. 

I  shall  look  forward  to  Prof.  Stanley's  next 
contribution,  and  most  heartily  wish  that  his 
efforts  may  be  rewarded  with  an  unqualified 
success. 

The  Chairman  in  closing  the  proceedings 
wished  the  members  a  Merry  Christmas  and  a 
good  New  Year. 


Contributions  and  Correspondence. 

STOPE  MEASUREMENTS. 


Thanks  are  due  and  have  been  expressed  to 
Mr.  Tonnesen  for  his  paper  on  Stope  Measure- 
ments, and  his  detailed  description  of  his  Stereo- 
meter  and  its  working. 

I  would  add  my  appreciation,  and  hope  that 
his  instrument  may  be  the  means  of  increasing 
the  efficiency  and  easing  the  work  of  the  mine 
surveyor,  as  I  quite  agree  with  his  statement 
that  stope  measuring  is  a  cause  of  "hardship and 
sometimes  of  danger"  to  the  mine  surveyor, 
though  I  am  not  in  accord  with  the  natural  in- 
ference, that  in  his  work  there  is  an  excess  of 
hardship  or  of  danger  over  that  undergone  by 
others  whose  work  lies  underground. 

I  must,  however,  endorse  Mr.  Johnson's  remark, 
that,  given  competent  and  painstaking  men, 
accurate  work  can  be  done,  and  undoubtedly  is 
done  with  the  present  methods.  In  this  connec- 
tion I  would  instance  a  case  in  which  a  miner 
disputed  his  measurements.  Two  Government 
surveyors,  both  accustomed  to  mine  work,  were 
called  on  to  check  the  mine  surveyor's  work,  one 
by  the  miner,  and  the  other  by  the  mine  authori- 
ties. They  checked  the  areas  mined  from  the 
two  stopes  in  dispute,  both  working  by  tape 
triangulation,  the  mine  surveyor  having  worked 
with  a  transit  theodolite.  The  dip  of  oue  stope 
was  30J,  with  an  urea  about  200  fathoms,  of  the 
other  the  dip  was  12°,  with  area  between  600  and 
700  fathoms.     The  agreement  between  these  two 
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checks  and  the  areas  totalled  from  the  duplicate 
cost  sheets  in  the   mine  office,  was  between  1 
and  2    . 

In  his  objections  to  theodolite  stope  measure- 
ment the  author  mentions  the  difficulty  of  setting 
up  under  the  peg  in  a  steep  stope.  I  have  found 
that  two  18  in.  holes,  in  suitable  positions,  drilled 
and  blasted  in  the  footwall,  under  the  peg,  gave 
all  the  required  convenience  for  setting  up  and 
standing  room,  and,  of  course,  served  as  long  as 
that  peg  was  in  use. 

As  to  the  office  work,  the  preliminary  reduc- 
tions of  inclined  to  horizontal  distances  is  obviated 
by  plotting  with  Bristol's  protractor,  one  of  which 
I  had  the  benefit  of  using  for  some  time.  The 
stage  in  the  office  work  described  by  the  author 
and  Mr.  Coaton  as  the  chief  objections  to  this 
method — that  of  converting  "horizontal  fathom- 
age  to  inclined  fathomage  "  depends,  of  course, 
on  the  correctness  of  the  observations  for  dip  and 
change  of  dip. 

I  endorse  Mr.  Coaton's  descriptions  of  the  best 
method  of  doing  this,  and  would  only  add  that, 
in  observing  the  strike  l:ne,  the  candle  at  the  face 
must  be  held  at  approximately  the  same  distance 
from  the  same  hanging  or  footwall  as  is  the  tele- 
scope of  the  theodolite. 

With  most  of  the  author's  objections  to  the 
Tape  Triangulation  method  I  am  in  agreement. 
The  tape  sag  error  can  be  largely  obviated  by 
using  more  lines,  and  those  approximately  dip 
lines,  from  which  to  offset ;  but  the  angular  error 
of  offsets,  which  is  largely  a  personal  error,  and 
partly  due  to  difficulty  in  climbing  about  steep 
stopes,  is  a  strong  objection  to  the  method. 

B.  Travers  Solly. 
Germiston, 

18th  December,  1909. 

Notices  and  Abstracts  of  Articles  and 
Papers. 


CHEMISTRY. 

The  Testing  of  Galvanized  and  Other  Zinc- 
Coated  Metals.  "Three  methods  are  now  com- 
mercially used  to  coat  iron  with  /inc.  The  oldest 
and  for  many  years  the  only  commercial  method  is 
the  '  hot- galvanizing '  process,  in  which  the  iron 
article  is  simply  dipped  into  a  bath  of  molten  zinc. 
The  second  is  the  'wet'  or  'cold-galvanizing' 
process,  in  which  zinc  is  plated  on  the  iron  article  by 
electrolysis  from  a  solution  of  a  suitable  zinc  salt. 
The  third  is  the  '  sherardizing '  process  of  Sherard 
Cowper-Coles,  in  which  the  iron  article  is  heated  in 
a  closed  chamber  in  the  presence  of  finely  divided 
metallic  zinc  and  zinc  oxide.  (Sec  our  vol.  VI., 
page  189.) 

Preece  Test.     Although  there  is  a  marked  diflei 
ence  in  appearance  and   in  structure  between  these 
three  kinds  of  zinc-coated   iron,   only  one  method  oi 
testing  them  has  heen  used,  namely,  the  '  Fleece    or 
copper-sulphate  immersion  test. 


As  standardized  by  the  American  Telegraph  and 
Telephone  Company  this  test  is  essentially  as  follows  : 
A  standard  solution  of  copper  sulphate  is  prepared  by 
agitating  a  nearly  saturated  solution  of  this  salt  w  itli 
copper  oxide  until  ii  is  perfectly  neutral.  It  is  then 
diluted  to  llsii  sp.  gr.  at  65  Fahr.  Winn  a  rod  of 
zinc  and  one  of  iron  aie  placed  in  this  solution  t lie 
metal-  pass  into  solution  as  soluble  sulphates,  an 
equivalent  weight  of  copper  being  at  the  same  time 
deposited  on  the  metallic  rods.  The  copper  deposited 
on  the  zinc  surface'  is  black,  spongy  and  easily  re- 
moved, while  on  the  iron  it  is  dense  and  of  a  bright 
color. 

When  this  reaction  is  used  in  testing  galvanized 
iron  it  is  assumed  that  the  speed  of  solution  of  the 
zinc  is  a  direct  function  of  t he  time  of  immersion, 
and  by  the  number  of  one-minute  immersions  nec<  - 
sary  to  dissolve  the  zinc  from  the  iron  and  to  deposit 
a  film  of  bright  copper  thereon,  the  thickness  of  the 
zinc  can  he  estimated.  It  will  be  seen  that  this 
method  measure-  the  thickness  of  the  coating  only  at 
it-  thinnest  point,  and  that  the  assumption  is  made 
that  no  bright  copper  will  he  formed  until  the  iron 
base  is  reached.  To  appreciate  the  limitations  of 
this  test,  it  is  but  necessary  to  note  the  -tincture  of 
the  three  classes  of  zinc-coated  iron. 

A  polished  oblique  section  of  ordinary  hot-galvan- 
ized iron  etched  with  iodine  reveals  three  distinct 
layers.  First,  a  coating  of  zinc,  which  varies  in 
thickness  in  accordance  with  the  temperature  of  the' 
zinc  and  the  amount  of  squeezing  or  wiping  applied 
to  the  article  before  the  zinc  solidifies;  second,  a 
distinct  layer  of  a  zinc-iron  alloy,  termed  alloj  B, 
which  varies  in  thickness  with  the  temperature  of 
the  zinc  bath  and  the  length  of  time  the  iron  was 
subjected  to  it  ;  third,  the  iron  base  it-elf.  between 
the  zinc  and  alloy  1!  there  is  generally  a  second 
alloy,  alloy  A,  which  is  a  thin,  discontinuous  layer, 
richer  in  zinc  than  alloy  15,  and  between  t he  iron  and 
alloy  B  is  a  third  alloy,  relatively  unimportant, 
which  is  very  rich  in  iron,  alloy  ( '. 

The  structure  of  wet -galvanized  iron  is  compara- 
tively simple,  I  he  layer  being  practically  pure  zinc. 

Sherardized  iron,  on  the  other  hand,  presents  a 
relatively  complex  structure.  The  metallic  zinc 
penetrates  the  iron,  forming  deep  layers  of  the  alloys 
B  and  C,  and  in  place  of  alloy  A  there  occurs  a 
number  of  compounds,  as  yet  unidentified.  I  pen 
the  surface  there  i-  generally  a  layer  of  relatively 
pure  zinc,  although  frequently  the  process  i-  carried 
to  the  point  where    only    a   deep    layer   of    alloy      i- 

fori 1.       When  examined  under  the  micro-cope  this 

alloj     i-    -ecu     to    he    covered     with     deep    crack-     or 

fissures  as  though  the  alloy  in  forming  had  con- 
tracted, [t  is  thus  apparent  that  in  testing  galvan- 
ized iron  made  l»y  these  different1  processes  we  are 
dealing  with  three  very  different  materials. 

Desiderata  for  a  New  Test  jor  Determining  Dura- 
bility or  Resistance  to  Corrosion.  Ii  is  the  purpose  of 
this  papei  to  treat  of  zinc-coated  iron  with  regard 
only  to  its  durability  or  resistance  t"  cm  rosion,  ami 
not  to  its  tensile  strength.  From  this  standpoint  a 
test  should,  if  possible,  indicate  the  following  : 

(I)  The  uniformity  and  thickness  of  the  zinc  coat- 
ing i  (2)  the  continuity  of  the  coating  with  leference 
to  pin  holes  ;  (3)  the  purity  of  the  /inc.  and  i)  the 
toughness  and  ductility  oi  the  coating. 

The  corrosion  of  pure  zinc  in  watei  is  verj  -low. 
If,  however,  the  zinc  is  in  electrical  contact  with  any 
material  upon  which  the  hydrogen  can  he  liberated, 
the  corrosion  of  the  zinc  is  relatively  rapid.  'the 
iron-zinc  alloy  /<'.  and  iron  itself,  are  both  surfaces 
on  which  the  depolarization   action   can  take  place, 
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and  hence,  so  long  as  neither  the  iron  nor  the  alloy 
is  exposed,  other  things  being  equal,  the  zinc  coating 
will  not  corrode.  The  importance,  therefore,  of 
maintaining  a  uniform  coating  of  metallic  zinc  upon 
the  iron  can  be  appreciated. 

To  determine  whether  the  ratio  of  the  time  6' 
immersion  required  to  produce  a  bright  copper  sur- 
face was  in  reality  a  measure  of  the  thickness  of  the 
zinc  coating,  samples  of  galvanized  sheets  were  ob- 
tained and  tested.  The  weight  of  zinc  per  square 
inch  area  was  determined  by  dissolving  the  zinc  from 
the  sheets  without  attacking  the  iron-zinc  alloy. 
This  can  readily  be  accomplished  by  heating  the 
galvanized  sample,  together  with  a  piece  of  metallic 
iron,  in  boiling  caustic  soda  until  the  generation  of 
the  hydrogen  ceases.  As  might  be  expected,  the 
ratio  between  the  time  of  immersion  required  to  show7 
the  presence  of  bright  adherent  copper  and  the 
amount  of  zinc  present  per  unit  area  depends  upon 
the  uniformity  with  which  the  coating  of  zinc  is 
spread  upon  the  iron  base.  In  the  case  of  14  pieces 
of  galvanized  sheet  iron,  for  example,  the  average 
ratio  found  was  23,  while  the  greatest  variation  in 
either  direction  was  but  20.  This  test,  therefore,  so 
far  as  indicating  the  uniformity  of  the  coating  and 
measuring  the  thickness  of  the  zinc  are  concerned,  is 
fairly  satis  actory  ;  but  alloy  B  is  always  indicated 
as  iron,  and  hence,  when  the  test  is  applied  to 
sherardized  articles,  very  erroneous  and  misleading 
results  may  be  obtained. 

The  presence  of  the  channels  or  pin  holes  caused  by 
the  free  iron  surface  coming  in  contact  with  the  zinc 
and  causing  it  to  pass  into  solution  cannot  be  detected 
by  the  copper-sulphate  method,  as  these  pin  holes 
down  through  the  zinc  to  the  iron  till  up  with  black, 
spongy  copper  and  cover  up  the  bright  copper  spot  at 
the  bottom. 

The  purity  of  the  zinc  cannot  be  determined,  as 
the  bright  copper  particles  precipitated  by  this 
method  are  so  small  that  they  are  lost  in  the  mass  of 
black,  spongy  copper. 

Finally,  the  fourth  factor,  the  toughness  or  the 
ductility  of  the  coating,  canirot  be  determined,  due 
to  the  same  tendency  of  the  spongy  copper  to  cover 
up  the  bright  copper  deposits,  which  indicate  cracks 
extending  down  through  the  zinc  coating  to  the  alloy 
or  iron  underneath. 

Test  for  Detecting  Phi  Holes  and  Cracks. — The 
relation  between  the  presence  of  pin  holes  in  the  zinc 
surface  and  cracks  due  to  a  brittle  coat  ingand  the  dura- 
bility of  the  structure  as  a  whole  has  not  heretofore 
been  studied,  largely  because  no  method  of  detecting 
these  imperfections  has  been  available.  The  follow- 
ing phenomenon  serves  as  a  basis  for  such  a  test.  If 
a  piece  of  zinc  be  placed  in  a  strong  solution  of 
caustic  soda  heated  to  about  100°  C.  no  action  is 
noticeable.  If  now  the  zinc  be  touched  with  a  piece 
of  iron,  hydrogen  is  liberated  in  great  volume  from 
the  iron.  Small  cracks  in  the  zinc  coating  may  be 
easily  detected  in  the  same  way. 

Ordinary  hot-galvanised  ware  is  generally  very  free 
from  imperfections  of  this  kind,  while  wet-galvanized 
ware,  on  the  other  hand,  is  frequently  very  porous, 
generating  hydrogen  at  numberless  small  points  over 
its  entire  surface.  Theoretically,  the  best  electro- 
plated surface  should  be  that  carrying  the  greatest 
weight  of  zinc  per  unit  area,  deposited  at  the  slowest 
rate.  That  is,  the  lower  the  current  density  at  the 
cathode  in  plating  the  less  porous  will  be  the 
deposited  metal,  and  the  thicker  this  dense  deposit  is 
the  better  protection  will  it  be.  A  great  many  tests 
on  electroplated  zinc-coated  iron  were  made,  the 
samples  varying  in  both  these  particulars.     In  every 


case,  those  deposited  most  rapidly  were  the  most 
porous,  and  the  results  showed  that  the  time  of  plat- 
ing was  more  important  than  the  weight  of  zinc  per 
unit  area,  although  there  was  a  minimum  below 
which  it  was  not  safe  to  go. 

Tests  for  Determining  the  Combined  Effect  of  Imper- 
fections. -As  the  rapidity  of  hydrogen  generation 
from  zinc  is  a  function  of  the  presence  of  an  alloy  of 
zinc  and  iron,  hence  the  more  impure  the  zinc  coating, 
the  more  impure  will  be  its  solution  in  acid.  Accord- 
ingly, the  impurity  of  the  zinc,  the  presence  of  pin 
holes  and  cracks,  and  the  thinness  of  coating  are  all 
factors  which  act  in  an  accumulative  way  to  increase 
the  rate  at  which  hydrogen  is  generated  when  the 
zinc  surface  is  exposed  to  acid.  This  method  has 
been  developed  by  Mr.  Charles  L.  Campbell  in  his 
thesis  for  the  B.S.  degree  at  the  .Massachusetts 
Institute  of  Technology,  and  found  to  give  very  con- 
cordant results.  The  apparatus  employed  may  take 
any  convenient  form,  it  being  but  necessary  to  expose 
a  known  area  of  the  zinc  coating  to  a  standard  acid 
solution  under  uniform  conditions  and  to  measure  the 
hydrogen  generated  per  minute.  In  almost  every 
case  a  sharp  maximum  is  reached  giving  the  resultant 
of  all  the  different  factors  which  make  for  rapid  dis- 
solution of  the  zinc.  Thus,  in  a  series  of  wet-galvan- 
ized sheets,  those  electroplated  for  15  minutes  reached 
a  maximum  of  7  cub.  cm.  in  three  minutes  ;  those 
plated  for  30  minutes  a  maximum  of  14  cub.  cm.  in 
111  minutes,  while  those  plated  for  45  minutes  showed 
a  rather  poor  maximum  of  6  cub.  cm.  in  30  minutes. 
In  many  samples  of  sherardized  product  there  were 
two  maxima  on  the  curve  showing  the  amount  of 
hydrogen  generated  per  minute.  This  indicates  that 
there  is  first  an  action  between  the  outside  zinc  coat- 
ing and  the  iron-zinc  alloy,  and  later  a  well  defined 
action  between  the  alloy  and  the  iron. 

Service  test^  with  galvanized  iron  are  of  necessity 
very  slow  at  best,  and  the  relation  of  the  above 
phenomenon  to  the  real  durability  of  the  material 
can  be  determined  only  after  a  number  of  years. 
Something  can,  however,  be  learned  by  the  study  of 
ware  which  has  already  been  exposed  for  sufficient 
time  to  determine  its  durability,  Most  of  the 
material  available  for  '.he  purpose  was  in  the  form  of 
fence  wire  ;  from  a  study  of  these  the  following  con- 
clusions are  drawn  : 

First,  thickness  of  coating, — In  every  instance 
where  a  very  durable  fence  was  found,  the  coating  of 
zinc  proved  to  be  relatively  very  thick.  On  the 
other  hand,  the  wire  fences  which  showed  marked 
corrosion  in  from  one  to  two  years  proved  to  have 
almost  no  zinc  on  the  iron,  the  zinc  color  being  due 
to  a  layer  of  alloy  alone.  It  is  doubtless  true  that 
the  purity  of  the  iron  used  in  the  wire  itself  plays  an 
important  part  in  determining  the  ultimate  durability 
of  a  fence,  yet  in  the  opinion  of  the  writer  the  thick- 
ness of  the  zinc  coating  calls  for  more  immediate 
attention.  The  modern  method  of  close  mechanical 
wiping  the  wire  as  it  emerges  from  the  zinc-bath 
produces  too  often  a  wire  covered  not  with  zinc  but 
only  a  thin  layer  of  electro-negative  iron-zinc  alloy, 
which  affords  but  little  protection  to  the  iron.  To 
produce  a  wire  with  a  liberal  coating  of  zinc  would, 
of  course,  cost  more  both  on  account  of  the  extra 
zinc  and  on  account  of  a  somewhat  smaller  produc- 
tion per  machine. 

Second,  purity  of  zinc, — It  is  probably  a  necessary 
consequence  of  hot  galvanizing  that  the  zinc  becomes 
somewhat  contaminated  with  dissolved  iron  it  is 
apparent  that  this  should  be  kept  at  a  minimum  in 
order  that  the  coating  should  be  of  maximum 
durability. 
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Third,  flexibility  of  the  zinc  coating, — The  im- 
portant ohjection  t<>  placing  ;i  thick  coating  of  zinc 
upon  wire  used  for  fencing  is  that  such  ;i  coating 
cracks  off  when  fanning  through  the  machine.  This 
objection  applies  only  to  those  wires  which  are 
subjecttd  to  very  sharp  bends  or  turns.  It  is  possible 
that  by  passing  the  zinc-coated  wire  through  ili«-s  or 
under  grooved  rolls  that  the  crystalline  condition  of 
tin-  zinc  could  he  destroyed  and  the  flexibility  ami 
ductility  materially  increased. 

To  sum  up  tin'  results  of  this  paper: 

1.  The  copper  sulphati  immersion  test  is  of  value 
in  determining  the  uniformity  of  coating  ami  rela- 
tively the  thickness  of  coating  in  hot  ami  in  wet- 
galvanizing  products  ;  but  it  i-  worthless  in  the  case 
of  sherardized  products,  ami  gives  no  idea  of  other 
important  factors  involved  in  the  durability  of  tin' 
structure. 

•2.  By  immersing  a  galvanized  product  in  hot. 
strong  caustic  soda,  the  presence  of  any  unprotected 
iron  may  easily  he  detected,  however  small  such  area 
may  be. 

3.  The  weight  of  zinc  per  unit  area  apart  from  the 
zinc-iron  alloy  may  he  analytically  determined  by 
dissolving  the  zinc  from  the  plate  through  treatment 
with  hot  caustic  soda,  while  in  contact  with  metallic 
iron. 

4.  Theoretically,  the  rate  at  which  hydrogen  is 
evolved  when  the  galvanized  product  is  immersed  in 
dilute  acid  should  indicate  its  relative  durability  : 
inferior  products  should  reach  a  maximum  in  a  few 
minutes  compared  with  a  much  longer  time  for  better 
products. 

5.  In  the  very  important  matter  of  fencing  wire, 
while  the  purity  of  the  iron  used  is  of  consequence,  a 
more  immediate  necessity  is  a  heavier  coating  of  zinc 
on  the  wire. 

The  flexibility  of  a  zinc-coated  wire  may  possibly 
be  increased  by  mechanically  working  the  wire  in 
rolls  or  dies  to  destroy  crystallization  in  the  zinc 
coating.' — Dr.  \Y.  II.  Walker.-  -Electrochemical and 
Metallurgical  Industry,  Oct.,  1009,  p.  440.  (H.A.W.) 


METALLURGY. 
The    Development    of    Heavy   Gravitation 

STAMPS.* — "  Mr.  W.  Fischer  Wilkinson  introduced 
the  paper  by  summarising  its  salient  points. 

Mr.  S.  J.  Truscott  said  thai  in  a  previous  paper, 
read  in  October,  1904, t  Mr.  Caldecott  had  enlarged 
upon  the  necessity  and  advantage  of  finer  crushing. 
The  paper  that  evening  might  be  taken  in  continuity 
of  that  idea,  especially  as  the  author  had  expressed 
a  desire  in  his  former  paper  that  it,  being  more  or 
less  general  in  treatment,  should  be  followed  by 
others  giving  details  of  actual  achievements. 

The  author  stated  at  the  commencement  of  the 
present  paper  that  the  history  of  ore  crushing,  by 
mean-  of  gravitation  stamps,  showed  a  progressive 
increase  in  their  weight  and  in  their  corresponding 
efficiency.  In  that  advance  South  Africa  must  he 
taken  to  have  maintained  a  very  forward  place. 
Although  to  those  in  this  country  the  Kami  appeared 
as  a  whole,  it  was  nevertheless  the  fact  that  the 
mines  there  were  distributed  in  well-marked  groups, 
of  which  the  Consolidated  Goldfields  was  one,  ami  it 
had  to  be  stated  that  the  credit  for  thai  advance  in 
the  direct  ion  of  greatly  increased  weight  of  stamp  was 
at  the  outset  largely  due  to  the  engineering  staff  of  the 
Consolidated  Gold  fields,  of  whom  Mr.  Caldecott  was 
one. 

Before   making    that   step   of   moving   forward   to 

*  See  this  Journal,  vol.  x.,  Sept.,  190!),  pp.  108-115. 
t  Trans.  Inst.  M.M.  xi\ ,  pp.  IS— 69. 


greatly  increased  weight,  a  series  of  trials  was 
cairied  out  at  the  Knights  Deep  hat tery,  and  they, 
as  engineers,  must  acknowledge  that  trials  made 
under  siieh  conditions  must  have  their  great  regard. 
A  portion  of  the  battery  was  set  apart,  and  a  special 
staff  was  deputed  to  carry  out  the  trials,  and  every- 
thing was  arranged  with  the  highest  intelligence,  so 
that  the  results  were  in  every  way  trustworthy. 

The  first  lines  taken  in  those  experiments  were  to 
try  the  effect  of  a  double  discharge  as  against  a  single 

discharge,  and  the  effect  of  a  preliminary  very  line 
crushing.  The  results  obtained  were  tabulated  on  p. 
.i,  from  which  it  was  seen  that  with  the  same  weight 
of  stamp,  the  same  drop,  and  the  same  number  of 
drops  per  minute,  under  those  conditions  there  was 
no  advantage  in  either  departure  from  the  ordinary 
practice.     Apparently  there  were  other  trials  made 

which  were  not  detailed,  hut  it  was  stated  that  after 

those  experiments  it  became  obvious  that,  in  order  to 

crush  more  rock,  a  simple  increase  of  stamp  weight 
was  the  best  course. 

It  appeared  to  him  that  that  was  a  change  of 
direction,  that  the  experiments  so  far  were  after 
greater  efficiency  ;  in  fact,  on  p.  -1  it  was  stated 
distinctly  that  the  object  of  the  trials  was  to  discover 
some  means  whereby  stamp  milling  efficiency  could 
be  increased.  But  it  appeared  to  him  that  the  idea 
of  crushing  more  rock  was  a  departure  from  seeking 
after  efficiency,  and  it  seemed  to  he  greater  capacity 
which  was  now  the  object. 

They  must  regard  greater  efficiency  as  consisting 
in  the  attainment  of  more  work  for  the  same  con- 
sumption of  power,  but  greater  capacity  arose  from 
obtaining  more  work  with  a  correspondingly  greater 
amount  of  power  consumed. 

Then  a  series  of  tests  was  made  to  show  the  effect 
of  increasing  the  weight.  The  results  of  those  tests 
were,  as  was  naturally  to  be  expected,  that  with  the 
heavier  stamps  there  was  more  ore  crushed.  But  the 
efficiency  must  be  expressed  in  terms  of  the  power 
consumed.  If  was  only  reasonable  to  consider  that 
there  would  he  extra  power  consumed  in  almost 
exact  proportion  to  the  extra  weight  lifted.  There- 
fore they  would  expect  that  the  extra  amount 
crushed  would  he  also  proportional  to  the  extra 
weight  lifted. 

To  the  statement  on  p.  5  he  would  add  a  new 
column,  and  set  it  parallel  with  that  in  which  the 
duty  was  expressed.  In  that  column  he  had  put  the 
figures  which  should  he  obtained  if  the  extra  amount 
crushed  was  proportional  to  the  extra  weight.  It 
would  be  obvious  that  the  first  figure  (5 '88) remained 
t  he  same. 

Tom  ofOre  I'rush.il  )><  r  Stamp  pi  r  .",  Working  Hours. 
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Going  bo  the  second  -cries  of  experiments,  the  4 '26 
remained  t  he  same. 
Tons  of  On  Crushed  per  Stamp  per  .'}  Working  Hours. 
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The  figures  given  were  the  results  of  the  extra 
crushing  which  one  would  naturally  expect  by  the 
increase  of  weight.  There  was  no  increase  of 
efficiency  ;  they  were  simply  the  results  which  one 
would  expect  by  the  increase  of  power  consumed. 
It  would  be  noticed  that  those  figures  wet e  somewhat 
variable.  Sometimes  the  calculated  one  was  higher 
and  sometimes  lower  than  the  actual  one  obtained. 

In  order  to  eradicate  those  variations  the  average 
was  taken.  Of  the  first  series  of  experiments,  the 
average  of  the  actual  tons  crushed  was  6  66  ;  the 
average  of  the  theoretical  was  6  86.  Thafwas,  in 
that  case,  they  would  have  expected  6'86  to  have 
been  crushed,  whereas  666  only  was  obtained.  In 
the  one  below,  the  average  came  out  for  the  actual 
duty  500,  and  what  they  would  have  expected  was 
4  96.  That  was  slightly  less.  It  would  be  seen  that 
there  was  no  increase  of  efficiency.  There  was  an 
increase  of  capacity  without  increase  of  efficiency. 

It  was  also  to  be  remembered  that  there  were  other 
varying  factors  connected  with  it.  Especially  in  the 
lower  series,  the  amount  of  water  had  been  increased 
considerably  along  the  line.  He  thought  it  must  he 
accepted  that  the  flow  of  water  through  the  box  had 
influence  upon  the  duty,  upon  the  efficiency.  The 
author  agreed  with  that,  because  on  p.  15  he  said 
that  the  ratio  of  water  fed  had  influence  upon  the 
tonnage  crushed. 

It  might  also  be  seen  from  this  statement  that 
where  the  amount  of  water  used  had  been  more,  the 
actual  figure  crushed  was  greater  than  the  theoretical 
calculated:  and  the  reverse  was  also  the  case.  That 
hehl  through  the  whole  series,  and  was  exemplified 
in  the  last  two  cases  on  the  page. 

In  the  last  figure  but  one  5  05  tons  of  water  were 
used  per  ton  of  ore  ;  that  was  the  lowest  of  the  whole 
series,  and  in  that  case  the  actual  crushing  was  at  its 
lowest  when  compared  with  the  theoretical  crashing. 
Taking  the  very  last  figure,  where  6 "30  tons  of  water- 
were  used,  that  was  the  very  highest,  and  the  actual 
crushing  was  at  its  highest  as  compared  with  the 
theoretical  crushing. 

It  might  be  taken  also  that  the  irrcrease  of  water 
was  hardly  measured  in  tons  of  water  per  ton  of  ore 
crushed  ;  it  was  rather  irr  the  tons  of  water  going 
through  the  box.  Taking  it  iir  that  way,  there  were 
23  tons  of  water  going  through  Avith  the  lightest 
stamp  and  38  with  the  heaviest ;  that  was  an  inert  ase 
of  more  than  50%. 

It  had  also  to  be  mentioned,  as  bearing  upon  the 
work  done,  that  if  one  referred  to  the  last  column  in 
the  statement  on  p.  5,  where  the  amount  per  cent. 
+  60  was  given,  it  was  seen  that  in  the  case  of  the 
last  figure,  where  6.02  tons  of  ore  were  crushed,  the 
amount  per  cent,  remaining  of  the +  60  was  1 T66, 
whereas  with  the  lighter  stamp  with  which  every- 
thing had  beerr  compared  it  was  516.  That  was,  in 
the  case  where  the  actual  duty  was  comparatively 
high,  it  had  to  be  discounted  by  the  fact  that  it 
contained  a  good  deal  of  stuff,  more  than  usual,  above 
the +  60  mesh.  He  thought  from  that  statement 
they  could  rrot  say  there  had  been  any  increase  of 
efficiency  ;  iir  fact,  if  there  was  a  difference,  there 
had  been  a  decrease  in  efficiency.  There  had  been 
an  increase  irr  capacity. 

There  was  another  point,  connected  with  the  pre- 
liminary fine  crushing.  He  thought  it  was  certainly 
the  case,  and  conceded,  that  the  long-established 
practice  on  the  Rand  was  an  approach  towards 
efficiency,  and  that  any  departure  from  that  practice 
must  be  also  regarded  as  a  departure  from  efficiency. 
So  that,  when  they  saw,  as  in  column  JB,  on  p.  3, 
that  ore  of  such  fine  stuff  as  was  passed  through  rolls, 


set  to  half  an  inch,  was  crushed  under  stamps  of 
more  than  usual  weight,  they  must  say  that  there 
was  such  a  departure  from  general  practice  as 
must  necessarily  he  accompanied  by  a  departure 
from  efficiency. 

From  that  point  of  view  he  thought  the  experiment 
under  column  13  could  hardly  be  said  to  represent  a 
fair  case.  He  thought  it  more  reasonable  to  assume 
that  if  in  crushing  that  fine  stuff  a  lighter  stamp  had 
been  used  the  same  duty  might  have  been  obtained, 
and  a  correspondingly  greater  efficiency. 

It  seemed  to  him  also  that  that  was  a  line  to  which 
more  consideration  might  be  given,  that  the  ore  as  it 
left  the  crushers,  where  it  was  crushed  say  to  2  in., 
contained  a  gocd  deal  of  stuff  which  was  very  small, 
and  a  good  deal  which  was  fairly  big.  If  efficiency 
was  sought,  it  might  be  along  the  line  which  took 
the  coarser  stuff  to  the  heavier  stamps,  and  the  liner 
to  the  lighter  stamps. 

There  were  many  mines  upon  the  Rand  now  which 
bad  started  with  light  stamps  and  which  had  recently 
added,  or  were  adding,  heavy  stamps,  so  that  there 
they  had  already  a  differentiation  between  heavy 
and  light  stamps. 

It  must  not  be  gathered  from  those  remarks  that 
be  disputed  in  any  way  the  great  advantages  of  the 
heavy  stamps.  He  was  as  much  in  favour  of  the 
heavy  stamps  as  most  of  those  present.  The  advan- 
tages were  greatly  economical.  If  one  could  get  100 
stamps  to  do  the  work  previously  done  by  200  stamps, 
one  had  economy  in  all  directions — of  shafting,  of 
administration,  of  supervision — and  that  economy 
was  so  large  that  naturally  heavy  stamps  would 
probably  be  extended. 

They  had  probably  heard  that  the  most  recent 
achievement  orr  the  Rand  was  the  case  of  the  stamps 
of  the  West  Rand  Consolidated,  where  a  trial  run 
was  made  recently,  and  a  duty  of  15  tons  was 
obtained,  producing  stuff  for  the  tube-mill  to  work 
upon.  He  even  thought  that  the  latest  report  was 
that  a  duty  of  17  tons  was  obtained.  Those  stamps 
weighed  1,8901b. 

In  the  City  Deep  there  were  rrow  stamps  of  2,000 
lb.  Their  mill  duty  was  guaranteed  at  11  tons,  with 
a  probable  ultimate  amount  of  20  tons,  though  that 
was  not  guaranteed.  It  seemed  to  him  that  the 
limit  of  heavy  stamps  had  rrot  been  reached. 
Possibly  it  would  be  determined  by  whether  the  cam 
shafts  aird  carrrs  remained  satisfactory. 

He  thought  that  stamps  would  become  heavier 
until  at  last  the  cams  and  cam  shafts  were  thrown 
out,  and  some  other  lifting  device  was  obtained,  or  a 
heavier  blow  achieved  in  some  other  direction. 

That  statement,  favourable  to  heavy  stamps,  would 
seem  to  be  somewhat  in  contradiction  of  the  fact 
that  it  was  generally  recognised  that  for  the  ordinary 
run  of  stuff  going  to  the  battery  there  was  a  blow 
which  was  most  effective  ;  but  it  was  not  so  con- 
tradictory as  it  might  appear,  because,  although  the 
statement  was  true,  it  was  dependent  upon  the 
condition  that  the  diameter  of  the  shoe  and  die  was 
fixed.  This  bad  practically  been  the  case  ;  the 
diameter  of  the  shoe  and  die  was  many  years  ago 
about  9  in.,  and  he  believed  in  the  case  of  the  City 
Deep  the  diameter  was  9|  in.,  which  represented 
about  the  same  t  hing. 

It  seemed  to  him  that  now  they  were  erecting 
heavy  stamps,  some  trials  should  be  made  in  the 
direction  of  increasing  the  diameter  of  the  shoe  and 
die,  in  which  direction  he  thought  some  greater 
efficiency  lay.  If  one  increased  the  stamp  without 
increasing  the  die,  one  got  a  needlessly  strong  blow, 
because  it  was  an  admitted  fact,  he  thought,  that 
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there  was  a  lighter  blow  which  wasequally  effec- 
tive. 

It  was  interesting  and  opportune  to  say  that  in  the 

case  of  the  Dolcoath  Mine,  where  | urnatic  stamps 

were  employed,  they  were  used  at  first  with  an 
ordinary-sized  die  and  were  not  satisfactory  ;  the  die 
was  then  increased  to  12  in.  diameter,  and  the  stamps 
were  now  quite  satisfactory. 

Mr.  H.  S.  Denny  said  that  so  much  had  been 
heard  of  the  increased  efficiency  attaching  to  the 
corresponding  increase  in  weight  of  the  gravity 
stamp  in  the  past  few  years,  and  so  many  of  the  data 
had  emanated  from  the  mines  with  which  Mr. 
Caldecott  was  associated,  that  it  was  fitting  he 
should  come  forward  with  a  pronouncement  on  the 
subject  before  the  Institution. 

It  might  surely  be  taken  as  axiomatic  that  there 
was  a  critical  point  in  the  weight  of  a  stamp  winch 
would  satisfy  all  the  contingent  factors  of  capital 
outlay,  operating  cost,  horse  power  consumed, 
crushing  efficiency,  maintenance,  and  repairs,  short 
of  which  point  or  beyond  which  point  there  would  he 
losses  in  economy. 

Mr.  Caldecott  in  his  notes  undertook  to  show,  not 
that  he  had  established  this  critical  point,  but  that 
the  increases  in  weight  already  carried  out  had 
resulted  in  very  appreciable  improvements  in  economy. 

Whilst  he,  the  speaker,  did  not  for  a  moment 
dispute  this  statement,  he  must  say  that  a  close 
scrutiny  of  Mr.  Caldecott's  paper  did  not  appear  to 
provide  the  data  essential  to  the  proper  substantiation 
of  his  contentions.  They  were  told  that  with  1,605 
Hi.  stamps  6'02  tons  of  ore  were  crushed  per  twenty- 
four  hours,  yielding  a  pulp  product  of  which  1 1  •<>(> 
remained  on  a  60-mesh  screen  This  was  in  itself  a 
very  extraordinary  performance,  but  they  Mere  given 
to  understand  that  the  operating  cost  per  ton  crushed 
\\as  less  than  that  obtaining  with  lighter  stamps, 
although  in  his  summary  of  the  advantages  of  heavy 
stamps  Mr.  Caldecott  did  not  specifically  make  this 
plain.  One  could  take  it,  however,  that  as  the  whole 
question  was  purely  one  of  ultimate  economy,  Mr. 
Caldecott  meant  them  to  understand  emphatically 
that  the  results  obtained  from  the  1,605  lb.  stamps 
did  show  a  great  economic  improvement  over  the 
1,250  lb.  stamps. 

The  mere  facts  that  there  was  a  reduction  in  the 
size  of  the  mill  building  and  that  30%  less  shafting 
and  other  moving  parts  were  needed  and  thai  less 
labour  was  requiied,  did  not  in  themselves  constitute 
a  final  and  convincing  case  foi  the  heavy  stamp. 
There  were  a  great  many  other  things  that  formed 
important  counters  in  such  a  computation  and  from 
his  point  of  view  he  would  like  to  sec  M  i .  ( laldecol  I  's 
statement   supported   by  supplementary   figures    in 

which  the  following  points  would  he  dealt  with. 

I.  Comparative  statements  of  capital  cost  oi  a 
l,250-lb.  stamp batteiy  as  compared  with  a  L,600-lb. 
stamp  battery  of  equal  capacity,  complete.  The 
number  of  gravity  stamps  in  the  respective  batteries 
Mould  remain  the  same,  whilst  the  cost  <>\  line 
crushers  lor  the  lighter  stamps  would  of  necessity 
come  into  this  statement. 

•_'.  A  power  curve  illustrating  the  fluctuating 
efficiency  of  the  respective  batteries  on  varying 
numbers  of  stamps  running,  together  with  a  state 
ment  of  the  actual  consumption  of  power  per  ion  of 
ore  crushed  and  a  grading  analysis  of  the  pulp 
produced. 

'A.  Data  as  to  the  comparative  lime  and  labour 
involved  in  carrying  out  repairs  to  either  battery, 
taking  into  consideration  the  heavier  units  of  the 
bigger  mill. 


4.  A  statement  showing  the  comparative  efl'ect  of 
loss  of  time  in  hanging  up  a  battery  of  the  heavy 
stamps  as  compared  with  lighter  ones. 

5.  A  general  s1  atement  show  ing  thai  the  advantage 
-till  lay  with  the  heavier  stamps,  taking  the  lives  of 
respective  batteries  into  consideration  and  taking 
into  account  the  initial  capital  outlay  with  redemp- 
tion and  interest  charges  properly  apportioned,  and 
figuring  on  the  respective  capacities  of  the  two  mills 
on  equal  products,  and  finally  calculating  in  all 
those  other  factors  of  time  and  labour  interwoven  in 
the  question. 

It  must  not  be  forgotten  that  the  framing  and 
foundation  and  driving  gear  and  component  moving 
parts  must  all  be  correspondingly  heavier  and  more 
expensive,  and  renewal  units  more  unwieldy,  and 
whilst  one  could  readily  grant  that  these  points  were 
of  minor  importance  they  must  not  be  entirely  over- 
looked. 

Two  points  of  the  greatest  importance  that  had 
always  been  a  subject  of  discussion,  and  which  Mere 
fraught  with  the  greatest  bearing  on  the  capacity  of 
the  gravity  stain]),  Mere  the  size  of  the  ore  being  fed 
into  the  mill  ami  the  coarseness  of  the  screens  used 
for  the  discharge.  If  the  stamp  mill  were  asked  to 
do  the  work  of  either  the  stone  breaker  or  the  grind- 
ing machine,  that  work  would  be  done  at  an  economic 
disadvantage,  as  there  were  other  machines  in  which 
these  two  operations  could  be  much  more  efficiently 
carried  out. 

Mr.  Caldecott  said  "  line  breaking  before  milling 
on  heavy  stamps  does  little  good,"  and  he  (the 
speaker)  must  confess  that  the  figures  in  column  I'. 
of  the  first  table  rather  surprised  liim.  Of  course  it 
was  (dear  that  with  the  heavier  stamp  it  would  not 
be  economical  to  resort  to  so  line  a  preliminary 
crushing  as  that  found  most  profitable  with  the 
1,050  lb.  stamp,  hut  he  was  not  prepared  to  find  that 
all  the  advantage  disappeared  when  the  weight  of 
the  stamp  Mas  increased  to  1,342  lb.  According  to 
Mr.  Caldecott's  figures,  the  duty  per  stamp  per 
twenty  lour  hoiiis  with  equal  weights  of  stamps  was 
higher  in  the  case  where  54'3%  of  the  material 
remained  on  a  If  in.  screen  than  in  the  case  where 
only  II  of  the  material  remained  on  the  same 
screen.  This  result  seemed  most  extraordinary,  and 
in  order  to  show  how  remarkable  it  was  he  herewith 
appended  some  results  obtained  from  a  hand  mill  by 
virtue  of  the  interpolation  of  a  fine-grinding  plant 
between  the  coarse  crushers  and  the  battery. 

The  primary  object  of  the  installation  of  the  line- 
crushing  plant  on  this  mine  was  to  permit  of  the 
mill  being  overhauled,  20  stamps  at  a  time,  without 
interfering  seriously  with  the  output  per  month. 
Two  small  jaw  crushers,  electrically  driven  and 
designed  to  reduce  the  ore  from  2 A  in.  to  C,  in.,  were 
installed.     It   became  quite  evident .  after  the  lii-t 

few    days'  work,  that    the    introduction   of  this  plant 

would   have    the    desired  effect.      The   plates  and 

launders    hanked    up   with    the  additional    material. 

and   it    was  found  necessary  to  make  considerable 

alterations    to    the    mill    water     service     before     the 

Increased  quantity  of  ore  crushed  in  the  null  could 
he  propei ly  handled.  Without  the  hue  breakers  tin- 
mill  duly  on  100  mesh  screens  averaged  under  .">  tons 
per  stamp  per  d»y.  After  ike  in>.al.a.i  u  oi  the 
hue  breakers  the  duty  increased  to  56  tons  per 
stamp  pet  day,  equivalent  to  a  12  increase.  Tin; 
figures  were  calculated  very  carefullj  and  might  be 
taken  as  accurate.  The  average  cost  of  milling 
under  ordinary  condition-  over  a  period  amounted  to 
2s.  ll'657d.  '  With  the  hue  breaker  plant  the 
average  was 2s.  n  1 77< I. .  being  a  reduction  of  0  Wd. 
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per  ton  milled.  The  objects  of  the  installation  of 
the  plant  were  achieved  most  successfully,  and  the 
whole  mill  was  rehabilitated  without  prejudice  to 
the  monthly  returns. 

These  figures  were  all  carefully  compiled  and  the 
results  were  so  satisfactory  as  to  leave  no  room  for 
doubt  regarding  the  efficacy  of  line  crushing  when 
used  iii  conjunction  with  light  stamps.  It  might  he 
argued,  however,  that  the  ore  was  in  any  case  being 
fed  in  too  coarse  a  condition  to  the  mill,  and  he 
thought  that  when  Mr.  Caldecott  said  "  hence  the 
heavier  the  stamp  the  coarser  the  preliminary  break- 
ing admissible,  and  vice  nisi/"  he  had  hit  on  the  real 
truth.  Vice  versa  would  then  read:  the  lighter  the 
.stumps  the  finer  the  preliminary  breaking  admissible* 

To  follow  this  statement  to  its  logical  deduction, 
one  found  then  that  as  Mr.  Caldecott  helieved  in  the 
use  of  tine  crushers  with  a  light  stamp,  he  must 
further  helieve  that  the  use  of  the  heavy  stamp 
would  do  the  same  work  that  the  crushers  were 
designed  to  do  for  the  lighter  stamp,  more  econonii- 
colly.  It  appeared  to  the  speaker  that  a  great  deal 
of  the  problem  lay  in  this  point,  arid  personally  he 
had  the  feeling  that  the  limitation  of  the  weight  of 
the  stamp  would  be  met  at  the  line  of  demarcati  n 
between  the  crusher  and  the  stamp  mill  principles. 
It  was  difficult  to  imagine  that  ore  could  be  reduced 
from  2\  in.  to  H  in.  as  efficiently  and  economically 
in  a  stamp  mill  as  in  a  jaw  or  toggle  breaker,  because 
in  the  one  instance  one  had  anything  but  a  positive 
discharge  and  positive  feed,  whilst  in  the  other,  one 
bad  both  of  these  points  absolutely  defined,  and 
furthermore,  the  power  consumption  in  the  case  of 
the  crusher  was  in  direct  ratio  to  the  work  peiformed, 
whilst  in  the  case  of  the  gravity  stamp  it  was  nut 
necessarily  so. 

He  made  special  reference  to  this  matter  because  a 
reader  of  JMr.  Caldecott's  remarks  might  unwittingly 
get  the  impression  that  Mr.  Caldecott  intended  to 
say  that  preliminary  line  crushing  was  in  no  case 
necessary  ;  but  this  was  not  so,  and  as  there  are 
many  remote  places  where  moderately  light  stamps 
would  still  be  used  on  account  of  great  decrease,  the 
value  of  a  preliminary  fine  crushing  should  not  be 
lost  sight  of,  even  from  this  point  of  view. 

Mr.  Caldecott  made  no  reference  to  the  high  speed 
stamps  of  the  Morrison  type  installed  and  run  on  the 
Meyer  and  Charlton  mine  for  many  months  in  the 
year  1903.  These  stamps  had  a  weight  of  over  1,600 
lb.,  and,  owing  to  their  being  operated  by  a  crank 
shaft,  it  was  possible  to  run  them  at  as  high  as  135 
blows,  and  they  registered  a  duty  of  over  nine  tons 
per  stamp  per  (lay  for  a  considerable  period. 

It  was  quite  clear  that  the  increased  weight  was 
resulting  in  a  more  than  proportionate  increased 
duty,  but  there  were  other  considerations  that 
prevented  one  from  arriving  at  any  settled  conclusion 
in  the  matter. 

Mr.  Caldecott  said  "it  will  be  evident  that  the 
day  of  the  stamp  as  a  unit  of  crushing  capacity  has 
passed  away,"  and  in  this  everybody  will  agree  with 
him  for  the  reasons  he  had  stated.  'Whether  or  not 
the  principle  of  the  giavity  stamp  would  ever  be 
discarded  universally,  was'  doubtful,  but  he.  the 
speaker,  did  know  'that  many  attempts  had  been 
made  in  small  plants  to  discard  it,  with  the  greatest 
success  ;  that  is  to  say,  there  were  numbers  Of  plants 
in  the  United  States  to-day  in  which  the  stamp  mill 
found  no  place.  The  principle  followed  was  coarse 
crushing,  fine  crushing,  edge  runners  and  tube  mills, 
and,  when  considered  from  the  all-important  aspects 
of  capital  outlay  and  operating  costs,  it  had  been 
proved  in  more  than  one  case  that  the  stamp  mill 


was  not  absolutely  indispensable.  So  far,  however, 
the  results  hail  been  obtained  only  from  small  plants, 
and  he  knew  of  no  case  in  which  the  engineer  had 
the  temerity  to  lay  down  a  large  capacity  plant 
without  the  giavity  stamp. 

In  conclusion,  he  thought  that  Mr.  Caldecott,  now 
that  he  had  started  the  ventilation  of  this  important 
matter,  would  do  a  very  great  service  if  he  continued 
the  subject  in  some  of  those  more  abstruse  directions 
which  the  speaker  indicated  in  his  remarks,  and  as 
Mr.  Caldecott  was  well  placed  to  cany  out  the 
necessary  investigation  work,  it  was  just  as  lit  that 
he  should  continue  the  good  work  begun. 

He,  Mr.  Denny,  would  suggest,  however,  if  the 
result  of  increasing  the  weight  of  stamps  were  merely 
to  do  the  work  which  would  be  done  by  the  crusher 
in  conjunction  with  the  lighter  stamp— and  this  was 
what  in  effect  Mr.  Caldecott  claimed — then  the 
matter  required  very  grave  consideration  before  they 
went  further  ;  for  he,  personally,  was  not  fully 
satisfied  as  to  the  wisdom  of  such  a  step,  and  until 
they  had  further  details  he  did  not  consider  that  they 
should  be  justified  in  assuming  that  the  heavy  stamp 
was  an  unmitigated  good. 

Mr,  EUGH  V.  Marriott  said  that  it  must  be  noted 
that  the  paper  was  really  a  record  of  the  practice  of 
one  of  the  largest  companies  on  the  Rand,  and  did 
not  include,  especially  so  far  as  the  history  was 
concerned,  a  great  deal  of  what  had  gone  on  con- 
currently amongst  other  companies.  It  must  be 
seen  now  that  the  race  for  heavy  stamps  had  begun 
in  good  earnest. 

It  would  go  on  until  the  component  parts  of  the 
machinery  would  not  hold  together  any  more.  Since 
the  author  had  written  his  paper,  stamps  had  been 
designed  up  to  2,000  lb.  in  weight,  and  there  was  a 
a  still  further  variation  from  what  was  shown  on  the 
diagram.  The  concrete,  which  had  already  replaced 
the  wooden  mortar  blocks,  was  creeping  np  the 
superstructure  until  it  had  got  half-way  up  the  king- 
posts, and  doubtless,  before  they  bad  finished,  wood 
would  be  eliminated  altogether. 

It  was  evident  that  stamp  duty  alone  conveyed  but 
little  meaning  to-day.  It  had  already  been  stated 
by  previous  speakers  that  the  \Vest  Rand  Con- 
solidated had  crushed  15  tons  per  stamp  per  day,  and 
in  one  case  17  tons  had  been  crushed.  It  was  not 
stated  what  mesh  was  used,  but  it  was  doubtless  a 
very  large  mesh  indeed. 

This  method  of  increasing  the  output  brought  to 
his  mind  a  story  which  went  round  South  Africa 
during  the  war.  At  a  certain  military  hospital  there 
was  an  Irish  doctor,  who  was  told  by  his  superior 
officer  that  all  the  water  given  to  the  patients  had  to 
go  through  a  Berkefeld  niter.  As  this  had  only  a 
limited  capacity,  which  was  not  great  enough,  they 
did  not  know  what  to  do.  The  doctor  at  length  put 
a  brawny  native  on  to  the  filter,  who  worked  at  it 
till  he  blew  the  bottom  of  the  candle  out,  and  then 
they  got  as  much  water  as  they  wanted,  and  also 
satislied  the  authorities. 

That  was  really  what  the  stamp  duty  amounted  to 
to-day.  A  screen  with  ten  holes  to  the  linear  inch 
would  give  a  certain  amount  of  tonnage,  and  if  the 
mesh  weie  enlarged  to  three  holes  to  the  inch,  as  he 
understood  had  i  ecu  done,  a  great  deal  more  would 
go  through  without  there  being  any  real  increase  in 
efficiency. 

There  was  only  one  way  in  which  a  true  comparison 
could  be  made  in  the  future,  now  that  they  had  tube 
mills,  and  that  was  to  consider  the  stamps  and  the 
tube-mills  combined  as  one  unit.  The  power  required, 
the  tonnage  put  through  and  the  size  of  mesh  to 
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which  the  pulp  was  reduced,  could  then  each  be  taken 
to  demonstrate  the  standard  of  efficiency  attained, 
provided  that  two  out  of  the  three  were  reduced  to  a 
fixed  constant. 

A  point  of  interest  was  mentioned  by  the  author 
on  p.  14  with  regard  to  the  screen,  because  screening 
played  a  very  important  part,  in  fact  the  most 
important  part,  in  all  those  discussions  as  to  what 
stamps  would  do.  The  author  coupled  the  work  of 
that  Institution  with  that  of  the  Chemical,  Metal 
lurgical  and  Mining  Society  of  South  Africa,  which 
had  elaborated  another  system  for  the  standardisation 
of  screens. 

It  seemed  to  him  a  pity  that  the  local  society  there 
had  not  yet  recognised  the  decided  superiority  and 
simplicity  of  t he  standards  that  the  Institution  of 
Mining  and  Metallurgy  had  brought  out.  To  com- 
pare the  two  types,  tin-  difference  between  them  was 
that  the  South  African  Society  measured  witli  a 
micrometer  the  size  of  the  hole  in  the  screen,  and 
reached  their  minimum  of  50  holes  to  the  inch,  pre- 
sumably the  limit  of  accurate  reading  power. 

The  Institution  of  Mining  and  Metallurgy  took  a 
standard  type  of  screen  in  which  the  diameter  of  the 
wire  was  equivalent  to  the  linear  width  of  the  hole, 
i. '..  the  open  spaces  totalled  25%  of  the  entire  screen 
surface.  By  that  means  the  standard  screen  could 
In-  carried  down  to  any  degree  of  fineness  possible  in 
commercial  screen  manufacture.  They  were  already 
made  down  to  150-mesh,  and  the  200-mesh  standard 
would  shortly  be  issued. 

Now  the  South  African  Society,  stopping  at50-mesh 
cut  out  altogether  all  the  work  done  on  the  cyanide 
side  of  the  question  ;  the  linest  sands  ami  slimes 
could  not  be  measured  by  their  standard  at  all.  He 
therefore  failed  to  see  why  they  had  adopted  it. 
because  the  most  important  part  of  their  work  could 
not  he  measured  by  it. 

The  author  also  mentioned  that  by  their  (the  South 
African  Society's)  system  of  screening,  they  could 
get  a  duplication  of  previous  orders  from  the  se  een 
maker.  This  meant  that  the  screen  maker  would  he 
lion i n I.  within  certain  limit-  of  error,  to  manufacture 
the  size  required  to  pass  the  micrometer  test.  By 
the  Institution's  system,  which  was  simplicity  itself, 
it  was  open  to  purchase  any  good  screening  in  the 
market,  and  then  to  test  it  against  a  standard  set  of 
sieves  iii  order  to  obtain  its  standardisation  number 
It  did  not  matter  what  size  it  was  called  by  the 
maker.  For  the  purposes  of  the  user  the  standardi- 
sation number  was  all  that  was  required.  Therefore, 
screening  could  naturally  be  bought  in  a  much  cheaper 
market  than  if  the  method  adopted  by  the  South 
African  Society  were  followed. 

Mr.  Wu.Ti.i;  McDERMOTT  said  it  struck  him  that 
there  was  not  sufficient  information  given  in  the 
paper  as  to  grading  tests  below  60-mesh,  a-  this  was 
necessary  in  comparing  the  efficiency  of  different 
crushing  operations.     The  pulp  which  passed  from   a 

set  of  rolls  through  a  screen  of  given  mesh,  was  very 
different  from  the  discharge  of  a  stamp  battery 
through  the  -ame  screen.     The  paper  had  relation 

throughout  to  crushing  for  cyanide  treatment  ;  and 
therefore  slime  production  and  line  grinding  of  the 
sulphides  was  important  :  the  stamp  was  to  be 
followed  by  a  tube  mill. 

It  was  interest  ing  to  -re  figures  of  careful  tests  given 

against  two  ancient  fallacies;  fallacies  which  many 
men,  in  many  countries,  for  many  years,  had 
exposed  ;  but  which  kept  coming  up  fresh  at  intervals 
in  different   places.     Me  referred   to  line  breaking 

before  stamps,  and  increased  screen  surface.  It  has 
occurred  to  large  numbers  of  men  that  it  would  he 


an  advantage  to  lessen  the  work  of  stamps  by  break 
ing  liner;  but  the  practical  experience  of  all  the 
world  is  against  it  as  a  general  proposition.  So  in 
regard  to  screen  surface  :  it  is  obvious,  it  is  scientific, 
and  it  is  wrong,  that  this  is  of  primary  importance. 

He  remembered  fully  twenty-five  years  ago  seeing 
an  improved  stamp  mill  in  Colorado  with  double 
screens,  of  corrugated  form,  concentric  to  the  dies, 
which  quickly  destroyed  all  illusions  as  to  increased 
capacity  expected.  The  very  -ame  idea  was  patented 
in  the  Transvaal  ten  years  later,  tried  ami  abandoned. 
Over  and  over  again  men  have  built  double  discharge 
mortars  ;  and  after  trial  have  blocked  up  one  side, 
and  returned  to  single  discharge.  The  mere  fact 
that  the  same  mortar  with  the  -ame  screen  will  crush 
In  tons  per  day  of  one  ore,  and  40  tons  of  another, 
shows  that  screen  area  is  not  the  controlling  factor 
which  many  imagine  it  to  be. 

The  success  of  the  heavy  stamp  seems  to  be  more 
a  result  of  the  introduction  of  grinding  after  stamps 
than  of  any  special  application  lately  of  science  to 
ore  crushing.  Steam  stamps,  so  largely  used  for 
over  twenty  years  on  Lake  Superior,  were  tried  in 
Dakota  on  gold  ores,  and  in  Montana  on  copper  ores, 
and  given  up.  High-speed  pneumatic  stamps  were 
used  on  hake  Superior  over  twenty-five  years  ago. 
The  utility  of  heavy  stamps  had  increased  with  the 
use  of  coarser  screens  ;  that  is.  the  stamp  was 
only  doing  part  of  the  work  of  fine  crushing. 

He  did  not  agree  with  the  conclusion  that  the  day 
of  the  stamp  mill,  a-  a  unit  of  crushing  capacity, 
was  past.  It  might  he  so  in  Johannesburg,  from 
conditions  affecting  finances  and  ore  treatment,  but 
such  condition-  varied  greatly  over  the  world.  In 
Australia,  for  much  grinding  woik,  pans  had  die 
placed  tube-mills.  Water  classification  and  tul  e 
mill-  meant  very  line  grinding  of  the  sulphides,  desir- 
able for  cyaniding,  hut  undesirable  for  concentration, 
as  almost  universally  employed,  for  instance,  in 
<  California. 

He  would  have  liked  to  see  the  screen  sizes  in  the 
paper  expressed  in  terms  of  the  I. MM.  standard, 
and  grading  tests  on  the  -ame  standard  given  on  the 
minus-60  product-. 

Mr.  K.  E.  COMMANSsaid  that  he  was  pleased  to 
hear  Mr.  Truscott's  remarks,  because  he  thought  it 
very  desirable  to  emphasise  the  fact  that  it  was  not 
increased  efficiency  that  was  gained  by  increasing 
the  weight  of  the  stamps,  hut  economies  in  the  erec- 
tion and  running  of  a  mill  caused  by  a  reduction  in 
the  number  of  unit-. 

He  felt  that,  with  a  weight  of  2,000  lb.,  the  limit 
of  cam  lifted  stamps  had  almost  been  reached,  and 
that,  if  the  weight   wa-  to   he  furt her  increased,  some 

other  form    of    lifting    device    would    have    to    be 

employed.      As  stated  in  the  paper,  with  a  drop  of   7 

to   s  in.,    inn  drops  a   minute   was   the  maximum 

number  practically  obtainable  by  cam  lifted  -tamp-. 
and  be  was  rather  surprised  that  the  author  had  not 
made    any    reference     to     the     Morrison     hi-h  -peed 

stamp,  to  which   Mr.  Denny  had   ju-t   referred,  and 

which  was  in-tailed  and  had  heen  running  continu- 
ously for  over  two  years  at  the  Meyer  and  Charlton 
mine. 

These  stamps  were  no  freak,  or  the  design  of  a 
man  with  no  know  ledge  of  the  special  requirements 
of  a  stamp  mill,  hut   were  t  he  out  come  of  a  long  Series 

of  trial-  and  experiments  on  a  large  scale  by  Mr. 

Morrison,  oi f  the  leading  mechanical  engineers  in 

this  country,  and  Mr.  Bremner,  who  had  had  many 
years' practical  experience  of  the  running  of  stamp 

mills  on  t  he  hand. 
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That  more  had  notheen  heard  of  these  stamps  was, 
he  considered,  due  to  an  unfortunate  combination  of 
circumstances,  and  not  to  any  defect  in  t lie  design 
and  working  of  the  stamps  themselves,  and  he 
sincerely  hoped  that  mure  and  heavier  stamps  of  this 
type  might  soon  be  installed  by  other  companies. 
Mr.  G.  A.  Denny,  who  was  for  many  years  manager 
of  the  Meyer  and  Charlton  mine,  stated  thai  when 
some  small  improvements,  which  experience  in  run- 
ning the  trial  5-head  battery  had  suu^ested.  had 
been  made,  he  was  satisfied  these  stamps  would  more 
than  favourably  compare  with  cam  stamps, -and  in 
his  paper*  on  '  The  Design  and  Working  of  Gold 
Milling  Equipments,'  spoke  must  highly  of  them. 

The  main  object  of  the  Morrison  stamp  was  not  to 
accelerate  the  fall  of  the  stamp,  but  to  obtain  a 
greater  number  of  falls  by  securing  a  quicker  pickup 
of  the  stamps.  The  distinguishing  feature  of  the 
high-speed  stamp  was  the  lifting  device,  which  en- 
abled the  number  of  drops  to  be  increased  some  3(1% 
to  35%,  and  which  consisted  of  a  hydro-pneumatic 
cushioning  cylinder  lifted  by  a  crank  and  connecting 
rod.  The  stamps  fall  freely  by  gravity  alone,  and 
therefore,  so  far  as  the  blow  on  the  ore  was  concerned, 
it  no  way  differed  from  a  cam-lifted  gravitation 
stamp  of  the  ordinary  type. 

At  the  Meyer  and  Charlton,  double  the  amount  of 
ore  was  crushed  per  head  by  the  high-speed  stamps. 
The  weight  of  the  Morrison  stamp  was  1,600  lb.,  and 
the  cam  stamp  1,100  lb.,  and  if  he  remembered 
rightly,  the  high-speed  stamps  crushed  9  to  10  tons, 
ami  the  cam  stamps  4-7  tons  per  head  per  day  with 
an  8-inch  drop,  through  oOO-mesh  screens,  the  horse- 
power per  ton  crushed  being  about  the  same  in  both 
cases. 

Pneumatic  stamps  had  been  designed  to  increase 
the  number  of  drops  per  minute,  as  well  as  the  energy 
of  the  Wow,  but  they  had  not  come  into  general  use, 
and  required  a  large  piston  area  to  lift  a  heavy  stamp, 
which  makes  them  rather  cumbrous. 

With  regard  to  the  author's  remark  as  to  the  need 
of  some  effective  means  of  testing  abrasion  hardness, 
he  thought  that  this  might  be  done  by  means  of  the 
sand  blast.  The  ordinary  tests  for  hardness  by 
scratching  by  the  rebound  of  a  small  pointed  steel 
cylinder,  or  the  indentation  of  a  polished  specimen  of 
the  metal  by  the  pressure  of  a  hardened  steel  ball, 
were  theoretically  of  interest,  but  were  of  no  practi- 
cal use  in  deciding  the  hardness  and  suitability  of 
steel  for  ore  crushing. 

Mr.  Alfred  James  said  that  possibly  the  greatest 
point  in  the  paper  was  that  it  seemed  to  mark  the 
passing  of  the  stamp  mill  as  a  line  crusher.  Only 
three  or  four  years  ago  they  were  accustomed  to  hear 
of  screens  with  1,600  holes  to  the  sq.  in.,  they  were 
told  that  they  were  now  crushing  through  a  3-niesh, 
or  nine  holes  to  the  sq.  in.  In  fact,  one  gentleman 
had  told  him  that  he  was  now  passing  1  A  in.  cubes 
through  his  tube  mills.  So  that  it  seemed  that  the 
stamp  was  now  taking  much  the  place  that  Mr. 
Denny  was  proposing  to  take  with  his  rolls,  that  of 
coarse  crushing. 

He  need  scarcely  say  how  much  they  were  indebted 
to  t lie  author  for  his  valuable  and  classic  research, 
which  would  be  useful  not  alone  for  the  particular 
type  of  ore  on  which  he  had  conducted  his  experi- 
ment. The  title  of  the  paper  was  '  The  Development 
of  Heavy  Gravitation  Stamps."  Perhaps  it  would  he 
more  accurately  stated  as  '  The  Development  of 
Heavy  Gravitation  Stamps  on  the  crushing  of  Kami 
i  >res,J  because  he  was  sure  that  the  author  would  not 
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desire  to  use  very  heavy  stamps  to  crush  light  porous 
ores. 

One  point  which  struck  him,  and  which  had  been 
unnoticed,  was  where  the  author  endeavoured  to 
give  the  crushing  efficiency  of  the  blows,  on  page  10. 
He  thought  the  author  had  omitted  to  take  into 
account  in  his  mathematics,  the  fact  that  the  crush- 
ing power  of  the  stamp,  crushing  a  2  in.  cube  of 
quartz,  was  not  the  duty  of  a  stamp  striking  through 
1.1  in.,  because  he  thought  he  might  support  his  2  in. 
cube  of  quartz  under  that  weight  of  2,190  lb.  per  sq. 
in.  for  a  long  period  without  crushing  it. 

But  if  they  took  it  that  the  elastic  limit  of  that 
cube  was  one-twentieth  of  an  inch  that  was, 
if  they  pressed  it  to  one-twentieth  of  an  inch  it 
then  cracked,  then  they  had  the  duty  of  that 
stamp  expending  itself  in  one-twentieth  of  an  inch 
instead  of  H  in.,  and  therefore  the  force  would  be 
approximately  65,700  lb.  instead  of  the  2,190  lb.  per 
sq.  in.  which  the  author  gave.  It  was  a  very  moot 
point  as  to  whether  the  striking  (not  the  pounding) 
duty  of  the  stamp  was  not  done  in  less  than  one- 
twentieth  of  an  inch.  He  thought  they  might  take 
it  that  2, 190  lb.  was  not  a  correct  statement  of  the 
force  of  the  actual  blow  on  the  cube. 

He  would  like  to  refer  also  to  the  statement  of  the 
author  as  to  the  remarkable  efficiency  that  had  been 
attained  by  the  adoption  of  the  new  method  of 
clashing.  If  they  looked  at  the  work  for  May,  1907, 
of  the  SiiMiier  East,  it  would  lie  found  that  whereas 
formerly  they  crushed,  with  250  stamps  with  8  to  1 
of  water,  5  tons  per  diem  containing  11%  of  +  60, 
they  low  crushed,  with  only  6^,  to  1  of  water,  no  les^ 
than  8i  tons  per  diem,  with  only  1  "61%  of  +  60,  for 
exactly  the  same  cost.  So  that  they  were  getting  a 
higher  tonnage  and  a  higher  efficiency,  as  shown  by 
the  finer  crushed  material,  at  the  same  cost.  That, 
he  thought,  was  an  advance  of  which  the  pioneers  of 
that  new  method  of  crushing  on  the  Rand  might  well 
be  proud. 

Mr.  G.  H.  J.  HOOGHWINKEL  wished  to  draw  atten- 
tion to  two  points.  First,  with  the  increased  weight 
of  the  stamps,  the  number  of  stamps  on  each  cam 
shaft  would  probably  decrease.  The  second  con- 
sideration was  the  variation  in  the  speed  of  the 
engine.  Both  would  be  met  in  the  future  by 
electrically  driven  stamps.  The  three-phase  motor 
had  a  constant  speed,  ami  was  therefore  well  adapted 
for  work  of  that  class,  and  electrical  driving  was 
also  easy  to  apply  to  a  sub-division  of  the  cam  shafts 
by  means  of  several  motors. 

He  had  seen  a  new  stamp  mill  in  Cobalt  about  a 
fortnight  previously  on  one  of  the  larger  mines,  and 
they  bad  their  cam  shafts,  with  five  stamps  on  each 
shaft,  driven  by  an  independent  motor.  The  weight 
of  each  stamp  was  about  2,000  lb.,  and  the  speed  was 
100. 

Although  he  did  not  know  the  exact  results,  they 
were  using  hard  metal  there,  and  it  would  be  noticed 
that  the  running  was  much  smoother  than  with  a 
steam  engine.  If  the  weights  were  still  further  in- 
creased, the  probable  solution  would  be  found  in  a 
combination  of  the  electric  driving  and  pneumatic 
methods  of  lifting  stamps,  just  as  was  being  done 
with  the  Temple  drill.  An  electric  motor  would 
probably  drive  the  compressors  for  each  unit,  in 
which  compressed  air  would  be  Used  as  lifting  power, 
and  they  would  therefore  get  the  advantages  of  the 
concentration  of  the  power  in  the  power  station  and 
also  the  advantages  of  the  pneumatic  lifting  power  to 
help,  if  still  heavier  stamps  were  to  be  used. 

Mr.  W.  FlSCHEE  Wilkinson  said  that  the  part  of 
of  the  paper  which  had  especially  interested  him  was 
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the  comparison  which  the  author  had  marie  hetween 
crashing  with  stumps  alone  and  double-stage  crush- 
ing with  stamps  and  tube  mills.  He  remembered 
when  the  Knights  Deep  ami  Simmer  Hast  joint  plant 
was  put  up,  one-half  of  the  plant  was  devoted  to 
stamps  alone  and  tin'  other  half  to  stamps  ami  tube- 
mills,  and  that  it  was  very  difficult  at  that  time  to 
say  which  was  the  better  practice. 

It  was  interesting,  therefore,  to  find  now  that  the 
author  approved  of  douhle  stage  crushing,  because 
for  the  same  cost  he  obtained  a  liner  product,  and 
therefore,  of  course,  a  better  extraction,  Now  the 
question  as  to  which  was  the  better  really  depended 
very  much  on  a  correct  estimation  of  the  cost  of 
crushing,  ami  he  would  like  to  ask  the  author 
whether  interest  on  the  capital  expenditure  of  the 
different  plants  was  included  in  these  costs  or  not, 
because  it  was  certainly  very  important  that  that 
should  be  considered  in  making  a  comparison  between 
the  two  systems  of  crushing.  One  might  get  a  higher 
extraction  by  spending  more  money  on  plant,  but 
the  interest  on  this  additional  expenditure  might 
exceed  the  benefit  gained  by  increased  extraction. 

Another  smaller  point  in  connection  with  costs  to 
which  he  wished  to  draw  attention  was  that  the  cosl  s 
of  the  year  1907  were  compared  witli  those  of  1909. 
It  seemed  to  him  that  it  was  quite  possible  that  in 
tin-  interval  between  1907  and  1909  the  conditions  on 
ihr  Hand  had  changed,  and  therefore  that  the  costs 
of  1907,  in  order  to  make  a  fair  comparison  with 
those  of  1909,  ought  really  to  be  adjusted  to  the  newr 
conditions.  Labour  and  supplies  were,  he  believed, 
considerably  cheaper  now  than  they  were  two  years 
ago,  and  if  that  were  so,  Mr.  Caldecott  was  doing  an 
injustice  to  tin'  single-stage  ciushing  system  of  1907. 

The  popular  practice  now  on  the  Rand  was  stage 
crashing,  crashing  with  stamps  and  tube-mills,  but 
it  must  he  remembered  that  there  were  engineers  on 
the  Rand  who  did  not  accept  that  as  the  best  system. 
Mr.  E.  J.  Way,  for  instance,  the  consulting  engineer 
of  the  New  Kleinfontein,  was,  last  year  at  all  events, 
in  favour  of  single  crushing,  when  one  did  not  want 
to  get  a  product  finer  than  one  containing  from  10% 
to  14%  coarser  than  +  60.  lender  such  conditions 
Mr.  Way  maintained  that  the  best  and  cheapest 
practice  was  to  use  tine  screens  in  the  mortar-box 
and  do  without  tube-nulls,  though,  if  liner  grinding 
was  required,  he  thought  a  combination  of  stamps 
and  tubes  or  similar  grinding  machines  would 
perhaps  he  right. 

After  studying  Mr.  Way's  views,  he  (Mr.  Wilkin- 
son) thoueht  he  would  examine  some  of  the  returns 
from  the  New  Kleinfontein,  which  was  now  milling 
on  the  single-stage  system,  and  compare  them  with 
the  costs  of  other  mines  on  the  Hand  using  tube- 
mills.  He  had  looked  up  the  last  report  of  the  New 
Kleinfontein  and  found  that  the  reduction  costs, 
which  included  all  crushing  and  cyaniding,  amounted 
to  3s.  3d.  per  ton  milled,  and  that  they  obtained  an 
e\t  tact  ion  of  94 "95%. 

Then  he  looked  up  the  costs  of  a  neighbouring 
mine,  the  New  Modderfontein,  which  was  using  tube- 
mills,  and  found  that  their  reduction  costs  were  jusl 
under  /is.  and  their  extraction  97  4 '.'  ;  in  other  words 
their  costs  were  considerably  higher  than  those  of 
the  New  Kleinfontein,  but  they  had  a  better  extrac- 
tion equivalent  in  value  to  about  9d.  per  ton  milled. 
The  net  result  hetween  those  two  systems  was  that 
the  New  Kleinfontein  system  of  single  crushing  by 
stamps  al !  without  tube  mills  was  aboul    Is.  a  toii 

cheaper  than  that  of  the  neighbouring  mine  using 
tube-mills.    The  ret  urns  of  several  other  mines  using 

tube-mills  that  lie  had  examined  gave  reduction  costs 


of  from  4s.  to  5s.  per  ton  with  extractions  of  from 
93%  to  94%. 

He  was  not  prepared  to  say  that  there  might  not 
he  some  special  reasons  for  the  low  costs  at  the  New 
Kleinfontein.  and  In;  merely  put  these  figures 
forward  as  an  argument  that  they  ought  not  to 
accept  the  coarse  screen  and  tube-mill  practice  as  the 
best  without  careful  consideration.  In  comparing 
costs  due  regard  must  be  paid  to 'the  interest  on 
capital  expenditure  as  well  as  to  the  percentage  of 
extraction  recovered. 

Mr.  Hufm  F.  MARRIOTT  said  he  might  point  out 
that  the  New  Kleinfontein  mill  was  burnt  by  the 
Boers  during  the  war,  hut  they  hail  saved  Modder- 
fontein. 

The  President  said  he  hoped  that  those  who  held 
views  upon  the  matter  and  had  information,  but  who 
had  not  spoken  thatevening,  would  let  the  Institution 
have  tin'  henelit  of  their  views  by  correspondence,  as 
it  was  a  subject  to  which  much  importance  attached. 

CONTRIBUTED   REMARKS. 

Mr.  Wm,  H.  SHOCKLEY  :  A  point  that  does  not 
seem  to  have  been  brought  out  during  the  discussion 
of  this  paper — though  very  probably  familiar  to  most 
of  the  members — is  that  a  decrease  in  the  weight  of 
a  stamp  may  greatly  increase  the  crushing  capacity, 
even  though  all  the  other  conditions  remain 
unchanged.  The  first  man  to  prove  this  to  me  was 
ray  mill  superintendent,  George  Fleming,  when  he 
was  in  charge  of  the  10-stamp  dry-crushing  mill  of 
the  Mount  Diablo  Mining  and  Milling  Co.,  at  Soda- 
ville,  Nevada,  about  1890.  At  that  date  we  were 
trying  to  get  through  as  much  ore  as  possible,  and 
had  increased  the  weight  of  our  stamps  to  1,250  lb. 
by  the  use  of  top  tappets. 

Fleming  noticed  that  the  replacing  of  the  old  shoes 
by  new  always  caused  a  greater  increase  in  the 
crushing  than  the  difference  in  weight  seemed  to 
justify,  and  suggested  that  we  should  true  up  the 
irregularly- worn  old  shoes  and  try  them  in  place  of 
new  shoes.  We  trieil  this  and  found  that  the  old 
shoes,  after  being  cut  off  in  a  lathe  so  that  their 
bottoms  were  Hat.  crushed  almost  as  much  as  did  the 
new  shoes.  After  this  we  face!  the  shoes  about 
every  two  weeks,  and  greatly  increased  our  output 
by  this  simple  and  inexpensive  change.  We 
estimated  the  loss  ju  crushing  due  to  cupped  -ho i>s  at 
nearly 20  .  Our  maximum  output  with  this  mill 
was  nearly  1,350  tons  per  month,  crushing  through  a 
30-mesh  brass  wire  screen. 

Mr.  W.  Truran  :  I  should  like  to  endorse  the 
remarks  made  by  Mr.  Walter  McDermott — thai  it  is 
not  possible  to  m  ike  a  broad  -I  iteiiient  as  to  any  one 
class    of    crusher    being   the  most   efficient,  so  much 

depends  on  condition.     What  gives  most  satisfactory 

results  in  South  Africa,  might  t  urn  out  to  be  a  dismal 
failure  in  South  America,  for  instance. 

As  an  example  of  this  I  should  like  to  mention  the 
pneumatic  stamp.  This  machine,  as  I  think  Mr. 
( 'omnia ns  pointed  out ,  i-  by  no  means  a  new  idea.  I 
believe  T  am  correct  in  stating  that  the  pneumatic 
-tamp  generally  in  use  now  was  the  invention  of  the 

late  William  Husband,  of  the  linn  of  Harvey  &  Co., 
Ltd.,  of  Hayle,  Cornwall :  and  at  the  Invent  ions  Exhi- 
bition, helil  at  South  Kensington  iu  (I  think)  the  year 
issti.  uiie  of  these  machines  was  exhibited,  of  which 

exhibit    I  was  iii  charge.    The  first  machine  made  ha  I 

an  oscillating  cylinder,  which  has  now  I n  done  away 

with. 

These  machine-  were,  I  think,  lir-t  u-e.I  abroad  in 
any  practical  manner  by  the   late    William   Sineddlc. 

at    the    Babilonia    Mine,    in   the   Libertad   District, 

Nicaragua,  Central  America.     Some  few  years  since 


222 


The  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.  Dec.  1909 


I  was  in  charge  of  this  mine,  and  the  crushing 
machinery  consisted  of  a  pneumatic  stamp  :  and  I  am 
bound  to  "state  that  it  was  a  source  of  endless  trouble. 

The  complicated  and  delicate  nature  of  the  stamp 
necessitated  constant  supervision  ami  very  careful 
handling,  and  this  in  a  country  where  no  mechanics 
arc  available  was  the  cause  of  a  greal  loss  of  time 
and  considerable  worry.  For  the  efficient  working 
of  this  stamp  it  is  absolutely  essential  that  all  work- 
ing parts  should  be  kept  vertically  and  horizontally 
true,  and  in  order  to  maintain  this  condition  no 
alterations  or  repairs  could  ever  he  entrusted  to  a 
native,  or  even  a  white  man  who  was  not  a  trained 
mechanic.  The  packing  rings  in  the  cylinder  and 
the  side  arms  needed  very  careful  attention,  for  once 
the  stamp  got  the  least  bit  out  of  truth,  trouble  and 
delay  ensued. 

In  the  case  of  repairs  or  replacement  of  wearing 
parts,  work  was  greatly  hampered  by  the  cramped 
construction  and  lack  of  room  in  the  machine,  and 
around  the  frame,  the  enormous  weight  of  the  stem 
head,  etc.,  and  the  number  of  disconnections  neces- 
sary, all  of  which  matters  rendered  the  work  a 
matter  requiring  considerable  thought  and  care. 

The  stamp  we  had  was,  I  must  admit,  not  of  the 
latest  pattern,  as  no  lubricators  were  fixed  on  the 
cylinder,  and  in  order  to  lubricate  t lie  interior  of  the 
cylinder,  melted  pork  fat  had  to  be  blown  in  through 
the  air-holes  in  the  cylinder  by  means  of  a  kind  of 
pea-shooter  and  in  most  cases  the  stamp  bleu  first. 
In  conjunction  with  amalgamation,  I  do  not  consider 
the  pneumatic  stamp  a  success,  the  plate  surface  be- 
ing altogether  insufficient  for  the  capacity  of  the 
machine.  In  places  such  as  Cornwall,  and  as  a 
crushing  machine  where  skilled  labour  is  ready  to 
hand,  it  is  quite  another  matter,  and  the  pneumatic 
stamp,  I  can  well  believe,  is  a  most  satisfactory  and 
efficient  machine.''— Fischer  Wilkinson  '  AND 
others. — Bulletin  of  the  Institution  of  Minimi  and 
Metallurgy.— Nov.  11,  1909,  pp.  9-28.  "  (H.   A.  W.) 


Practical  Notes  on  Dry  Crushing  Mills  (W. 
Australia) — '■'■Milling. — Three  No.  5  Krupp  ball- 
mills,  running  at  26  rev.  per  minute,  and  taking  from 
16  to  20  h.p.  each,  crush  the  ore.  They  arc  fed  by  a 
shaking  feeder  worked  by  a  single  armed  cam  on  a 
countershaft,  and  giving  up  to  f-in.  stroke.  There  is 
nothing  like  a  steady  feed  for  a  ball-mill,  and  this 
feeder  does  it  well.  Each  mill  is  loaded  with  2,350 
lb.  of  steel  balls,  and  will  crush  40  tons  daily  through 
a  27-mesh  screen.  I  have  had  experience  with  diy 
crashing  stamps,  rolls,  and  studied  the  Griffin  mill, 
but  the  Krupp  mill  is  undoubtedly  the  best  dry 
crusher  when  capacity,  wear  and  tear,  power  con- 
sumed, and  ease  in  getting  at  parts  are  taken  into 
consideration.  Using  Kruppsteel  liners,  a  mill  will 
run  for  eight  to  ten  months  without  renewals,  ex- 
cepting, of  course,  such  minor  repairs  as  broken 
bolts,  bent  scoop  plates,  and  riddles,  a  plate  off,  and 
fine  screens.  English  and  German  steel  plates  have 
been  tried,  but  the  latter  arc  the  best  by  far.  We 
have  a  mill  newly  lined  with  Melbourne  made  linos, 
and  they  appear  to  lie  doing  well.  Four  grinding 
plates  are  bolted  to  each  of  the  ten  mantle  plates, 
also  the  long  perforated  plate.  These  are  gol  ready 
on  a  spare  set  of  mantles  beforehand,  and  in  twelve 
hours  six  men  can  strip  a  worn-out  mill  of  outside 
casing,  screens,  mantles,  and  side  liners,  and  then 
practically  renew  the  mill.  The  steel  consumption 
in  halls  is  3J  oz.  per  ton  crushed.  Three  are  added 
each  week.  A  remarkable  point  about  the  halls  is 
that,  on  emptying  a  mill,  seldom  or  never  does  one 
find  a  ball  smaller  than  H-in.  diameter;  I  have  three 


specimens  of  ,'  in.  halls,  and  these  are  the  only  ones 
found  during  the  last  three  years  in  our  mill.  What 
becomes  of  the  smaller  balls  of  under  H  ins.  ?  Are 
they  smashed  up'.'  And  yet  there  are  no  traces  of 
fragments.  It  is  rather  a  mystery.  Once  daily — 
i.e.,  providing  the  ore  is  dry — the  fine  screens  are 
brushed  v  ith  a  wire  brush,  but  oftener  if  damp  ore 
is  fed  in.  About  3-in.  size  is  the  right  feed  for  a  hall 
mill,  and  if  the  ore  is  very  fine  and  soft  the  crushing 
is  not  so  good,  as  the  halls  have  a  tendency  to  "bed"' 
in  the  fine  material.  My  opinion  about  the  crushing 
is  that  a  certain  amount  of  ore  is  broken  by  the  balls 
falling  from  one  plate  to  another  in  the  mill  ;  but  a 
great  deal  of  grinding  goes  on  by  rubbing  and  rolling, 
as  every  stone  taken  out  of  a  mill  is  quite  smooth 
and  rounded.  The  working  of  a  hall-mill  is  entirely 
by  sound,  and  a  poor  millman  can  easily  cause  a  lot 
of  trouble  ami  lose  tonnage  by  neglecting  the  feed. 
All  bearings  are  lubricated  by  a  light  crease,  and 
give  no  trouble.  The  spur  wheels  should  run  three 
years  at  least,  the  pinions  about  half  that  time.  A 
strong  fan  should  be  running  in  every  dry  crushing 
mill  to  draw  oil' the  dust  from  the  hall-mill  ;  and  the 
suction  has  a  tendency  to  keep  the  fine  screens  clear'. 
Dynamite  fed  into  Krupp  mills  with  the  broken  ore 
is  apparently  ground  up,  as  it  seldom  explodes,  ami 
then  only  a  tine  screen  might  be  blown  out.  There 
is  so  much  room  in  the  mill  when  anything  explodes  ; 
far  different  to  the  Griffin  mill,  which  generally  has 
the  bottom  blown  out.  Milling  costs  Is.  S^d.  per 
ton. 

Grinding. —  Much  controversy  has  passed  about  the 
merits  of  pans  and  tube  mills,  but  in  all  roasting 
plants  here  the  pan  is  in  use,  while  in  the  wet  mills 
the  pans  and  tubes  are  generally  found  together.  In 
a  dry  crushing  mill,  the  pan  serves  a  double  purpose 
—i.e.,  as  a  grinder  and  amalgamator.  It  is  a  very 
efficient  machine  in  both  ways,  as  a  hall  mill  product 
of  which  40  per  cent,  will  pass  a  L50-mesh  screen,  90 
percent  will  iia~s  the  same  screen  after  passing  the 
pan  ;  and  by  feeding  in  the  necessary  Hg  every  day 
the  coarse  gold  will  be  caught  before  the  slime  goes 
to  the  cyanide  plant.  The  pan  is  an  interesting 
machine.  A  5-ft.  pan  running  at  47  revolutions  per 
minute  absorbs  about  5  h.-p. — i.e.,  a  pan  with  heavy 
shoes.  Some  people  prefer  each  pan  driven  separately 
by  belt  and  two  pulleys,  but  the  friction  (dutch  is 
very  satisfactory.  Several  pans  may  be  driven  by 
one  belt,  and  little  inconvenience  is  experienced  in 
this  connexion  ;  whereas  a  lot  of  money  is  represented 
in.  say,  16  belts  driving  16  pans.  The  muller  plate 
is  attached  to  the  yoke  by  means  of  a  bridle,  per- 
mitting the  former  to  swing  with  ease.  Eighteen 
hematite  iron  -hoc-  are  pegged  on  to  the  plate,  and 
there  are  a  like  number  of  dies  Qtting  into  the  bottom 
of  the  pan.  The  yoke  and  plate  may  be  raised  and 
lowered  whilst  in  motion  by  the  usual  screw  and 
hand-wheel.  We  find  it  beneficial  to  clean  each  pan 
twice  a  month,  as  the  lime  in  our  ore  is  deposited  as 
a  hard  scale  in  all  the  spaces  between  shoes,  dies, 
&C,  and  on  the  sides.  A  set  of  shoes  and  dies  lasts 
from  four  to  six  months  on  roasted  ore,  and  when 
half  worn  down  a  compensating  weight  of  some  600 
lh.  is  put  on  top  of  the  plate.  A  pan  can  lie  cleaned 
under  two  hours.,  and  this  includes  chipping  the 
above-mentioned  scale.  A  pan  can  be  cleaned  ami 
newly  shod  in  about  four  hours  by  two  men.  In 
many  mills  tin'  side-  of  the  pan  are  badly  scoured  by 
the  sand,  lint  after  o.'.  years"  run  ours  are  as  good  as 
ever.  A  great  deal  of  tin1  good  working  of  a  pan 
depends  on  the  man  in  charge,  overloading  meaning  a 
big  discharge  of  sand,  and  too  little  feed  just  waste  of 
power  and  material.     We  don't  separate  our  product 
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before  grinding,  as  is  usually  done,  and  experiments 
have  proved  just  as  good  work  by  passing  ;ill  the 
pulp  through  the  pans.  They  grind  somewhere 
about  10  tons  eacdi  per  day  at  a  cost  of  Is.  7'8d.  per 
ton  milled.  I  don't  see  much  advantage  in  the 
central  feci,  and  the  side  feed  is  very  satisfactory  ; 
in  fact,  it  is  almost  universal. 

Settling  the  Pulp. — A  plain  long  V  box  is  a 
nuisance  if  not  divided  up  by  partition  plates,  the 
single  V  settlers,  say,  G  ft.  square  at  top  and  7  ft. 
deep,  with  a  tap  at  the  bottom  being  the  best.  The 
latest  settler  in  this  centre  has  a  plug  in  the  bottom 
worked  by  short  lever,  while  on  one  mine  the  settlers 
are  worked  by  a  rod  and  plug  worked  from  an 
eccentric  on  a  slow  running  shaft  above.  Taps  at 
the  best  are  rather  a  bother.  The.  first  row  of 
settlers  gets  the  tine  heavy  sand,  and  this  should  he 
returned  for  regrinding,  or,  if  not,  then  the  taps  mi 
this  row  should  lie  slightly  opened  all  the  time  to 
permit  the  stuff  to  escape  to  the  agitators.  Every 
two  hours  will  suffice  to  run  out  the  thick  slime  from 
the  other  settlers,  but,  of  course,  this  just  depends 
on  the  feed  and  settling  capacity.  It  is  necessary  to 
rake  down  the  slime  on  the  sides  of  the  settlers  once 
a  shift,  or  else  it  will  set  hail.  The  slime  runs  to 
the  agitators  by  means  of  a  launder,  which  is  best  if 
made  of  wood  ;  iron  launders  soon  scour  and  rot 
away. 

Agitating. — Now-a-days  we  have  the  Brown  tank, 
the  open  inonteju,  the  A.  Z  ,  and  the  ordinary  type 
of  agitator.  The  latter  is  a  tank,  22  ft.  by  6  ft., 
with  gear  driven  spindle  and  arms  attached,  run- 
ning at  5  to  8  revolutions  per  minute,  absorbing 
2  to  •'*  h.-p.j  and  taking  12  to  20  hours  to  treat  a 
charge  of  pulp  and  is  commonly  in  use.  This  agita- 
tor has  its  weak  points,  and  will  soon  be  superseded 
by  others.  The  worm  wheel  and  friction  clutch  is 
not  so  satisfactory  as  the  bevel  gearing,  bul  si  ill 
such  .near  runs  for  years  without  renewal.  We  run 
the  slime  into  the  agitators  with  about  1 — 1  consist- 
ency, and  as  it  is  running  in  lumps  of  KCN  are  put 
into  the  launder,  thus  the  strength  of  the  solution, 
■08  ,  is  in  contact  with  the  gold  the  moment  it 
enters  the  vat.  It  is  customary  in  large  mills  to 
have  a  lot  of  strong  solution  in  a  special  tank,  and 
run  it  in  with  the  pulp  as  required,  but  the  way 
mentioned  is  just  as  good,  if  not  better.  We  find  a 
good  deal  of  concentration  going  on  in  the  bottom  oi 
t  he  agitators,  t  he  arms  acting  somewhat  as  a  buddle  ; 
the  heavy  sand  contains  a  little  Bg  from  the  pans, 
and  has  assayed  up  to  £20  per  ton.  This  stuff  we 
re-grind  and  re-treat  as  usual.  Our  K('N  consump- 
tion run-  I  lb.  per  ton  of  dry  slime,  anil  the  costs  of 
agitation  is  Is.  4"7d.  per  ton  milled. 

Filter-pressing . — Many  will  have  it  that  the  filter- 
press  i-  doomed  to  make  way  for  the  vacuum  process; 
but  nol  on  this  field  in  the  treatment  of  fresh  mil' 
-lime   for  years  to  come    I  am  thinking.       In  a  well 

arranged  plant,  agitation,  filter-pressing,  and  disposal 
of  residue  costs  2s.  8d.  per  tun,  ami  i  be  figures  given 
in  vacuum  treatment  for  old  dumps  locallj  are  about 

2s.  liil.  per  ton,  yet  the  question  arises,  will  the 
vacuum  process  deal  successfully  with  current  mill 
slime?     There  doesn't   appear   to   be   much  reason 

against   this,    but    nobody    is    inclined    to    rush    into 

change,  and  it  would  take  much  experimenting  t" 
prove  that  it  would  pay  to  discard  the  press  and 
install  the  vacuum  plant,  although  it  is  well  known 
that  the  Ridgeway  plant  on  the  Boulder  is  doing 
this  with  good  results;  one  mine  here  is  now  con- 
ducting test-  in  this  connexion. 

The  filter-press  is  a  costly  machine,  requires  a  lot 
of  attention,  has  its  weak  points,  but  yet  does  good 


work,  and  its  value  in  connexion  with  treatment  in 
Kalgoorlie  has  been  incalculable;  in  fact,  it  saved 
the  mills  from  enormous  trouble.  The  ordinary  press 
made  by  Dehne-Martin  has  50  frames  for  the  slime 
cake,  and  a  like  number  of  solid  plates  covered  with 
filtering  cloth,  which  costs  Is.  9d.  per  yard.  Only  in 
large  plants  i-  the  hydraulic  closing  apparatus  in 
use  ;  in  fact,  one  mine  with  20  presses  has  not  ;ot  it 
working,  the  majority  being  screwed  up  by  back 
nuts  and  hand  wheel.  To  the  layman  the  How  of 
pulp,  solution,  and  air  in  the  press  is  somewhat 
puzzling,  but  there  is  really  nothing  in  it,  as  the 
various  channels  are  easily  traced,  Each  plate  is 
provided  with  a  tap  over  the  launder,  but  these  are 
a  ureal  bother,  ami  are  now  discarded,  the  vent  being 
plugged.  A  pair  of  men  on  contract  can  easily  dump 
eleven  presses  per  shift,  and  keep  an  eye  on  the 
cloths,  &c,  filling  presses  by  montfju  is  out  of  date. 
We  lill  with  a  .'5  throw  pump  with  12  by  10  in.  plun- 
gers, and  running  at  20  revolutions  per  minute,  the 
t  hue  taken  being  about  12  niin.  with  pulp  1  to  I  thick- 
ness. This  pump  could  deal  with  Hve  presses  at  a 
time.  At  60  lb.  pressure  a  safety  valve  blows  off  so 
that  no  accident  can  occur.  The  pump  .u'ives  little 
trouble.  The  plungers  are  of  cast  iron,  and  last 
about  twelve  months,  while  with  a  clean  water  jet 
greasy  hemp  packing  lasts  some  time.  The  rich  KCN 
solution  from  filling  the  presses  runs  to  a  special 
tank,  through  a  clarifier,  then  to  the  extractor 
boxes.  With  a  similar  pump  running  at  13  revolu- 
tions |  er  minute,  the  slime  is  washed  for  30  minutes 
at  '.mi  lb.  pressure.  The  wash  being  shut  oil',  com- 
pressed air  at  90  lb.  pressure  is  admitted  to  dry  the 
cakes.  This  takes  about  5  minutes,  the  slime  then 
holding  20%  moisture.  From  time  to  time  plates  are 
found  to  be  broken  in  the  presses.  This  is  most 
likely  caused  during  the  tilling  when  one  frame  is 
tilled  faster  than  the  next  one,  through  the  channel 
being  choked  ;  also  a  shock,  such  as  turning  on  the 
wash  quickly,  may  possibly  do  it.  These  plates  cost 
from  €.'!  to  £5  each.  A  badly  filled  press  will  not 
wash  properly,  and  the  solution  follows  the  least  line 
of  resistance.  In  sampling,  take  a  section  of  a  cake 
about  every  tenth  frame.  Pressing  costs  Is.  Id.  per 
ton. 

Disposal  of  Residues.     Under   the  line  of  presses 
is  a  horizontal  belt,  feeding  an  inclined  belt  elevator 

at  2(i  ,  in  turn  feeding  a  boom  distributor.  The  main 
belts  travelling  at  .'inn  ft.  per  minute  Lrive  little 
trouble,  yet  at  times  they  take  fits  and  run  1 0  one 
side  and  throw  oil'  the  slime  where  not  wanted  : 
even  the  wind  affects  them.  The  boom  belt  running 
at  950  ft  per  minute  throws  the  slime  far  out  over 
the  dump.  This  is  driven  by  a  10  h. p.  3-phase  motor 
running  at  -'J'11'  revolutions,  and  driving  the  boom 
by  a  short  belt  without  gearings,  and  the  way  in 
which    this    machine   behave-    iii    heat  and  told,  bad 

dust  and  rain  is  really  astonishing.  In  dumping  120 
ton- daily,  (0  units  al   3d.  are  used.      To   minimise 

the  dust  on  the  dump  we  hose  it  with  salt  water, 
which  forms  a  crust  on  top.  A  belt  may  run  for  a 
daj  "i   two  wit  bout  t  rouble,  then  you  may  have  days 

ot  constant  attention  needed,  The  canvas  composi- 
tion belts  are  greatly  affected  by  heat  and  cold,  the 
lubber  bell-  stretch  a  good  deal,  and  joint-  need 
much  watching.      The  steel  lace    niaki  -  a  good  joint, 

but  it  wears  out  quickly,  and  if  one  side  should  wear 
through  and  catch  anywhere   when    working  it    is 

likely  thai  the  belt   will    be    ripped    from  end  t o  end  ; 

all  classes  of  belts  will  do  this.      To  get  over  this 

trouble  we  make  new  join;-  at  regular  intervals,  and 
also  wrap  some  tough  cloth  over  the  ends  of  the  belt 
.■it  the  joint,  and  the  whole  laced  together  as  usual. 
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Canvas  belt  costs  7s.  per  foot,  and  tile  rubber  from 
10s.  to  £1  per  foot.  Tlie  band  type  tightener  is  of 
little  use,  the  automatic  sliding  weight  being  very 
good.  Belt  conveyors  are  easy  to  erect,  but  it  is 
advisable  to  have  plenty  of  attention  devoted  to 
them  when  running. 

Precipitation  and  Clean-up. — Of  course  this  is  a 
big  subject,  yet  my  experience  has  always  been 
without  bother  in  this  line.  Good  roasting  in  the 
mill,  a  little  lead  acetate  added  at  the  pans,  a  fairly 
strong  solution  in  treatment,  a  trickle  -of  extra 
strong  solution  as  the  rich  solution  enters  the  boxes, 
and  a  dose  of  acetate  every  other  day  or  so,  the 
cells  kept  well  filled  with  zinc,  and  all  is  well. 
Occasionally  a  little  lime  conies  down  in  the  top 
boxes,  and  the  acetate  does  not  affect  the  bullion  to 
any  extent.  In  cleaning-up  it  is  quite  a  matter  of 
judgment  as  to  how  much  zinc  is  to  be  put  into  the 
acid  direct  and  how  much  to  be  washed.  Acid  of 
about  5  water  to  1  acid  is  strong  enough.  The  lead- 
lined  tank  should  be  connected  with  a  fan  to  carry 
off  the  fumes.  Heat  is  not  necessary,  and  three 
hours  in  the  acid  is  quite  sufficient.  From  the  tank 
the  sludge  should  run  into  the  monteju,  and  then 
into  a  lead-lined  centre  filling  press.  An  hour's 
wash  will  do,  and  hot  water  is  beneficial.  Twelve 
to  eighteen  hours  drying,  roasting,  and  a  good  stir- 
ring at  the  end  is  all  the  better.  About  50%  borax 
and  a  little  sand  are  sufficient  fluxes.  The  tilting 
furnace  is  very  handy  for  large  lots,  and  the  pot 
should  last  three  or  four  smelts.  A  flat  topped  fur- 
nace is  good  to  do  the  final  refining  in,  as  one  can 
stand  right  over  it  and  skim  off  base,  etc.  In 
sampling  bars  a  drill  bore  in  about  £  in.  at  top  and 
bottom  at  opposite  ends  is  satisfactory  enough. 

Conveyors  and  Elevators.— The  Archimedian  type 
of  screw  conveyor  works  well  on  fine  ore  from  the 
mills,  and  being  enclosed  makes  no  dust.  The  push 
conveyor  also  works  well  on  this  ore  and  that  from 
the  furnaces,  but  makes  much  dust.  The  double 
push  conveyor  will  take  along  the  feed  for  the 
roasters,  and  return  any  excess  not  required.  The 
carriers  are  of  the  frictionless  style,  and  the  flights 
may  be  taken  out  or  replaced  while  in  motion.  In 
roasting,  the  roast  may  be  poor  at  times,  but  by  the 
time  it  has  reached  the  end  of  a  conveyor  it  will  be 
much  better,  due  no  doubt  to  the  great  rabbling, 
pushing,  and  exposure  to  the  air.  The  power  used 
varies  a  good  deal  according  to  the  feed.  For  cold 
dry  crushed  ore  the  rubber  belt  with  steel  buckets  is 
very  serviceable.  The  belt  is  butt  jointed,  and  the 
buckets  placed  15  in.,  staggered,  and  is  examined 
once  a  month.  In  elevating  hot  ore,  the  chain  and 
bucket  working  in  a  steel  housing  is  very  satisfac- 
tory, though  at  the  best  of  times  it  requires  much 
attention  in  greasing,  etc.,  and  breakdowns  are 
accompanied  by  much  heat  and  dust.  I  hear  lots  of 
complaints  about  the  elevators,  but  my  experience 
with  them  is  on  the  good  side.  The  chain  must  be 
kept  reasonably  tight  by  the  gear  provided  at  the 
top.  The  wear  and  tear  is  remarkably  small,  and 
recently  we  renewed  the  bottom  shafting  after  five 
and  a  half  years'  run.  The  elevator  is  examined 
about  twice  a  year. 

I  hiring  Belts.— There  are  so  many  makes  in  use, 
and  most  of  them  of  a  good  character,  but  of  all  the 
rubber,  raw  hide,  leather,  composition,  and  balata,  I 
prefer  the  latter.  It  is  made  of  the  best  cotton 
duck  impregnated  with  balata,  is  expensive,  stretches 
very  little,  and  lasts  a  long  time.  If  not  run  care- 
fully it  will  open  out,  but  the  inside  ply  can  be  torn 
out  if  it  gets  too  rough,  although  this  takes  some  of 
its  strength  away.      Where  there  is  much  heat  it  is 


not  advisable  to  use  it.  Many  millmen  believe  in 
butt  joints  made  by  steel  laces  or  clips  of  various 
makes.  I  don't.  The  lap  joint  properly  made  is 
very  strong,  and  the  ends  of  the  belt  do  not  tear  out 
as  happens  with  the  butt.  Even  in  driving  a 
dynamo,  or  a  motor  driving  anj thing  by  belt,  the 
lap  joint  makes  no  bump  if  planed  down  and  laced 
neatly,  although  this  is  contrary  to  general  practice. 
When  a  belt  is  stretched  the  laces  may  be  cut  out 
and  the  lap  rivetted  with  copper  rivets.  Large  belts 
are  generally  laced  in  place  by  means  of  clamps  and 
rods.  A  little  castor  oil,  which  makes  a  good  dress- 
ing for  belts,  is  necessary  in  a  dry  crushing  mill.  In 
rope  driving,  a  2  in.  cotton  rope  with  a  long  splice 
will  run  for  years  without  trouble,  and  little  dressing 
is  required. 

In  conclusion,  it  might  be  said  that  although  a  wet 
crushing  mill  is  the  healthiest  and  easiest  to  keep 
clean,  yet  a  dry  plant  can  be  kept  fairly  free  from 
dust  by  having  fans,  all  crushing  machines  and  con- 
veyors well  housed,  plenty  of  windows  and  doors, 
and  open  roof  where  possible,  but,  of  course,  the 
machinery  in  the  latter  cannot  be  expected  to  last  as 
long  as  in  the  former.— W.  M.  VON  Bernewitz. 
London  Mining  Journal,  Sept.  4,  1909,  p.  299.  (A.  R.) 


Purification  of  Mercury. — "The  constant  use 
of  the  mercury  cathode  in  this  laboratory  necessitates 
the  frequent  purification  of  very  impure  mercury. 
According  to  the  methods  described  in  the  text-books 
a  great  deal  of  time  is  required  if  anything  like 
complete  purification  is  desired.  Furthermore,  little 
is  known  of  the  relative  efficiency  of  the  methods,  so 
that  the  worker  simply  chooses  the  one  that  strikes 
his  fancy.  It  therefore  becomes  desirable  to  know 
how  to  obtain  the  purest  mercury  in  the  least  time 
and  with  simple  apparatus. 

The  usual  methods  are,  first,  to  draw  air  through 
the  metal  contained  in  a  wide  inclined  tube  bent  up 
at  the  end  ;  second,  to  shake  with  mercurous  nitrate, 
ferric  chloride  or  potassium  dichromate,  in  a  separa- 
tory  funnel  ;  third,  the  method  of  L.  Meyer,*  to  let 
fall  in  a  fine  stream  through  a  long  column  of 
mercurous  nitrate  ;  fourth,  to  purify  electrolytically 
by  making  the  mercury  the  anode  in  a  nitric  acid 
solution  ;  I  and  fifth,  to  distil.  No  one  who  has 
tried  the  first  of  these  will  think  very  highly  of  its 
speed  or  efficiency.  The  shaking  in  a  separatory 
funnel  requires  no  construction  of  apparatus  and  is 
probably  the  favourite  method.  The  surface  of 
contact  between  the  metal  and  the  solution  is,  how- 
ever, relatively  small  and  long  shaking  is  obviously 
required  to  dissolve  the  impurities  present  in  the 
mercury.  Washing  through  a  column  of  mercurous 
nitrate  containing  free  nitric  acid  is  excessively 
tedious,  provided  the  opening  of  the  funnel  from 
which  the  mercury  falls  is  sufficiently  fine  to  give  a 
thin  enough  stream.  Moreover,  this  opening 
frequently  becomes  choked  and  the  funnel  must  be 
removed  and  cleaned.  Various  automatic  arrange- 
ments have  been  used  to  return  the  mercury  to  the 
funnel, J  but  they  are  more  or  less  complicated  and 
have  no  advantage  in  point  of  time.  The  electric 
purification  is  also  time-consuming,  requires  efficient 
stirring  and  is  not  particularly  effective. 

For  the  removal  of  silver  and  gold,  of  course,  dis- 
tillation is  necessary.  This  is  usually  done  under 
reduced  pressure  in  one  of  the  various  forms  of  still 
which   have  been  proposed.       Hulett  and  Minchin§ 

*  Z.  anahit.  Chmi..  .'.  -_'41  (1m;:!X 

t  Wolff  and  Waters.  Bull.  Bureau  of Standards,  3,623 ;  A,l  (1907) 
t  E.  q.,  Desha,  Am,  Chem,  J.,  '</,  152(1909),    . 
|  Phys.    Her.,    .'/,    388  (1905).      The   oxidation  of  the   zinc  or 
cadmium  1>\  the  air  is  an  important  factor  in  the  purification. 
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have  shown  that  unless  the  mercury  is  distilled  in  a 
current  of  air  and  with  no  bumping,  the  more 
volatile  metals  such  as  zitic  or  cadmium  are  not 
removed.  The  distillation  apparatus  they  describe 
yields  mercury  of  a  high  degree  of  purity,  as  shown 
by  their  careful  testing. 

This  is  a  modification  of  the  L.  Meyer  method, 
which  is  very  rapid  and,  as  recent  measurements 
show,  very  efficient,  a  degree  of  purity  being  obtained 
comparable  with  that  of  distilled  mercury.  Instead 
of  the  mercury  being  delivered  from  a  funnel  drawn 
out  to  a  line  point,  a  separatory  funnel  is  used,  the 
delivery  tube  of  which  is  slightly  narrowed  0\3  cm. 
from  the  lower  end.  Over  this  end  is  bound  with 
twine  a  piece  of  rather  closely  woven  muslin.  The 
mercurous  nitrate  solution  is  contained  in  a  piece  of 
glass  tubing  1*5  ni.  long  and  2  cm.  in  diameter.  The 
narrow  delivery  tube  at  the  bottom  is  bent  up  25  cm. 
This  is  more  than  usual,  as  it  is  necessary  to  have 
the  height  of  the  mercury  in  the  wide  tube  about 
5  cm.  so  that  the  tiny  globules  which  fall  will  have 
time  to  coalesce  before  they  reach  the  small  tube, 
otherwise  the  mercury  will  not  be  delivered  dry,  or 
it  may  even  be  swept  out  of  the  tube  followed  by  the 
entire  solution  of  mercurous  nitrate. 

The  end  of  the  tube  of  the  separatory  funnel  over 
which  the  cloth  is  bound  should  dip  below  the  surface 
of  the  mercurous  nitrate  solution.  This  diminishes 
the  surface  tension  of  the  mercury  so  that  the  fine 
streams  running  through  the  cloth  breaks  up  into 
very  minute  globules.  Unless  the  surface  of  the 
mercury  is  clean  the  funnel  cock  should  be  closed 
just  before  all  the  mercury  has  entered  the  stem  of 
the  funnel,  as  the  dirt  thus  carried  into  the  stem 
Mould  clog  the  cloth. 

By  this  arrangement,  instead  of  one  stream  of 
mercury,  as  in  the  ordinary  form  of  the  apparatus, 
we  have  several  hundred  streams,  finer  than  is 
practicable  with  the  usual  drawn-out  funnel,  and  a 
number  of  them  may  be  choked  by  particles  of  solid 
amalgam  or  dirt,  before  the  flow  of  mercury  is 
sensibly  diminished.  The  rate  of  How  need  only  be 
limited  by  the  rapidity  with  which  the  globules 
coalesce  on  reaching  the  bottom.  The  rapidity  of 
the  washing  and  the  large  surface  of  mercury 
exposed  arc  obvious. — I.  II.  IIll.DEl'.RAND.— J.  Amer. 
Chemical  Society,  Aug.,  1909,  p.  934.     (A.  McA.  J.) 


Gold  Mining  in  Korka.— "  Korea  is  a  highly 
mineralised  country,  possessing  an  excellent  climate 
and  an  abundant  supply  of  good  and  cheap  labour. 
Its  chief  gold  quartz  mines  are  included  in  the 
American  concession  at  Unsan,  which  was  granted 
originally  in  IS!).")  for  25  years,  and,  as  modified  and 
extended,  may  be  operated  until  1954.  At  the 
Unsan  mines  a  series  of  large  quartz  lodes,  occurring 
in  granite,  are  being  mined  successfully  and  profit 
ably  under  American  management. 

The  l'nsan  Gold  Mines  (Oriental  Con.  Mining 
Company)  constitute  tin;  most  important  mining 
property  in  this  part  of  Asia.  While  other  Korean 
mining  properties  are  now  recognised  as  possessing 
dividend-paying  resources,  the  l'nsan  mines  have 
heretofore  been  the  only  properties  operated  continu- 
ously on  any  extensive  scale  by  modern  methods  in 
the  Empire.  This  company  is  situated  in  north 
western  Korea,  about  60  miles  south  of  the  Yalu 
River,    and   at   the    present    time    has  a    total    of  230 

stamps  in  five  differenl  plants,  crushing  so 30,000 

tons  per  month  of  low-grade  gold  ores.  The  character 
and  value  of  the  ore  varies  considerably  at  the 
several  mines.  It  averages  about  5  dwt.  gold  per 
ton,  with  very  little  silver.      This  low-grade  ore  is 
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quite  base,  containing  from  5%  to  6%  of  gold-bearing 
sulphides. 

The  Ivuk  San  Dong  plant  (40  stamps)  treats  an  ore 
averaging  12s.  in  value  per  ton,  being  quite  base  and 
containing  S%  sulphides  of  arsenic.  Maibong  plant 
(20  stamps)  treats  £2  ore,  containing  3  or  4  sul- 
phides of  arseuic,  iron,  lead  and  zinc.  Candlestick 
plant  (It)  stamps)  treats  £3  to  £4  ore,  containing  as 
high  as  15%  sulphides.  Taracol  plant  (so  stamps) 
mills  16s.  ore,  with  5%  sulphides  of  iron,  lead  and 
zinc.  Tabowie  plant  (80  stamps)  treats  20s.  ore, 
with  5%  sulphides. 

All  the  plants  wet  crush,  amalgamate  and  concen- 
trate about  1,000  tons  per  day  of  i'l  ore.  The  total 
extraction  on  all  values  equals  about  81%  at  the 
present  time.  About  2,500  tons  of  concentrates  per 
month  are  cyanided  at  the  several  plants  by  the  old 
18-day  leaching  method,  giving  a  total  extraction 
of  83%. 

Cost  of  Mining  and  Milling  ]<>r  1908.— 30,000 
tons  per  month  (20s.  lOd.  ore). 


Mining  and  development 
Milling  and  concentrating 
Cyaniding  concentrates 
Ore  transportation 
General  expenses 


Total  expense      ...  ...     9  10 

All  of  4s.  out  of  a  total  expense  of  9s.  lOd.  is  for 
cordwood  and  mining  timber  alone.  Although  we 
have  cheap  labour  our  wood  and  timber  problem  is 
serious.  The  company  is  now  making  arrange- 
ments to  operate  the  two  80-stamp  mills  and  plants 
by  hydro-electric  power,  and  through  these  changes 
reduce  the  cost  of  milling  considerably.  A  railroad  is 
also  being  constructed  into  the  Yalu  River  timber 
country,  and  should,  when  completed,  reduce  the 
costs  for  wood  and  timber.  During  the  coming  year 
the  costs,  with  electric  power  and  cheaper  timber, 
will,  no  doubt,,  reach  a  total  of  8s.  We  will  be  able 
to  handle  any  ore  at  a  profit  that  will  assay  more 
than  2  dwt.  per  ton.  It  is  very  doubtful  if  the 
Oriental  Con.  Mining  Company  could  carry  on 
operations  in  America  with  only  230  stamps,  where 
the  cost  of  labour  is  high.  The  Alaska-Tread  well 
and  Eomestake  Companies,  U.S.  A.,  with  their  8s. 
to  16s.  ore,  are  only  able  to  operate  through  handling 
immense  quantities  of  ore  (3,000  to  4,000  tons  per 
day)  in  their  huge  mills. 

Labour. — Our  native  labour  consists  of  Koreans, 
( ihinese  and  Japanese,  about  8,000  on  the  concession 
being  dependent  upon  the  company  for  a  living. 
Japanese  arc  employed  as  carpenters,  foundrymen 

and  machinists,  at  3s.  to  5s.  per  day.  and  at  this 
work  are  far  better  than  the  other  Orientals.  The 
Koreans  are  the  most    efficient    miners   and   machine 

men  (two  Koreans  being  equivalent  to  one  average 
European  or  American  miner).  As  miners  they 
receive  Is.  and  as  machine  men  2s.  per  day  of  in 
hours.       Ordinary    Korean    coolies    receive  from  Hid. 

to  lid.  per  day,  and  out  of  this  tiny  are  expected  to 

live.  Their  food  (rice  and  fish)  cost-  from  5d.  to  Bd. 
per  man  per  day.  Chinese  are  employed  on  the 
rock  crushing,  tramways,  and  stone  masonry  work, 
anil    earn    from    I  2d.    to    I5d.    per   day.       I'.y    far  the 

majority  of  Orientals  employed  are  Koreans.  The 
Korean  miner   possesses  all   the  good  qualities  oi  a 

miner,  with  very  lew    of  hi-,  defects,  being  physically 

strong  and  very  easy  to  handle.  Generally  speak- 
ing, a  Korean    miner's    father  and  grandfather  were 

miners  before  him,  and  his  son  will,  as  a  rule,  be  a 
miner.      They  withstand    hardship,    such   as    water 
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and  bad  ventilation,  much  better  tlr&n  the  average 
white  miner.  When  practicable,  it  is  customary  to 
employ  Korean  miners  on  contract  work,  and  when 
this  is  done  the  results  obtained  per  day  by  them  are 
equal  to  the  average  American  or  Cornish  miner. 

Gold  Extraction  — The  ores  treated  contain  only  a 
fraction  of  an  ounce  of  silver  per  ton,  and   therefore 
can  be  classed  as  low-gi-ade  ba«e  gold  ores.       Y\  it li  a 
16s.  ore,  and  with  our  present  plants  and  treatment, 
the  following  results  arc  obtained  : — Milling  30,000 
tons  per  month  on   16s.    ore — Values  won  -by  plate 
amalg  iination,  46i%  :  values  won  by  concentration, 
41%.      Cyaniding  2,500  tons  per  month  on  £4  con- 
centrates— Values  won   by  cyaniding  (18-day  leach- 
ing), 83%.      Milling  and   cyaniding — Values  lost  in 
milling,  125%  ;  values  lost  in  cyaniding,  6"1%  ;  total 
loss,  186%.     The  present  method  of  treatment  , in  ves 
an  actual  extraction  of  81*4  per  cent,  of  the  values. 
I  have  recommended  improvements  in  concentration 
and  cyaniding  concentrates,  resulting  from  my  past 
four  years  experimental  work  in  Korea.     At  the  end 
of  my  tour  to  the   various  mining  districts  I  shall 
remodel  the  old  plants  and  bring  them  up  to  date.    I 
have   through   all-sliming   of   our   concentrates    (no 
roasting),  air  agitation,  vacuum  filtering,  obtained  a 
total  extraction  of  93%   with   a  48-hour  treatment. 
Average  cost  by  this  method  per  ton  of  concentrates 
is  13s.  (per  ton  ore  crushed   7d.)      The  average  cost 
by  the  18-day  leaching  method  equal  about  lis.  (per 
ton  ore  crushed  6d. )      Improvements  in  our  concen- 
tration methods  will  lower  our  mill  tails  to  about 
181.  per  ton,   when  milling  16s.  ore.      The   improve- 
ments will   show  an  increase   on    the  present   total 
extraction  (81*4%)  of  from  6  to  7  per  cent.    Presently 
the  company  shall  start  retreating  its  old  cyanide 
concentrate  tailings  dumps  which  have  accumulated 
during  the  past  six  or  eight  years.       They  will  aver- 
age from  4  dwt.  to  6  dwt.  per  ton,  having  been  pre- 
viously cyanided  by  the  18-day  leaching   method  for 
an  extraction  of  80  to  83  per   cent.      These   dumps 
contain  40  to  60%  quartz  sands,   the  remaining  pro- 
duct  being  sulphides.      The   new   plant    foi    these 
dumps  will  reconcentrate  into  sands  assaying  1  dwt., 
and  sulphides  valued  at  12  to  15  dwt.  per  ton.      The 
sulphides  to  be  all-slimed   in   tube-mills  in  cyanide 
solution,  air  agitated,  and  vacuum  filtered  within  my 
special  combined  agitatoi   and   vacuum-filter.      This 
method  will  show  a  net  profit  of  about  4s.  to  5s.  on 
each    ton    of   dump   as    it   stands.       The  extraction 
obtained  on  the  sulphide  equals  70%.      The  company 
at  present  is  producing  some  £25,000  per  month  in 
bullion,   and  to  date  has  produced  about  £2,400,000 
from  these  low  grade  ores.      I  will  say  that  this  gold 
mining  company  is  the  only  one  operating  in  Korea 
at  a  profit  at  the  present  time.     Its  success  has  been 
largely  due  to  the  good  management  of  Mr.  H.  F. 
Meserve,  who  has  been  its  leader  from  the  beginning. 
—By  A.  E.    Druckf.i:,    Metallurgical    Engineer   to 
the  Oriental  Con.  Mining  Co.,  Korea.     (A.  R.) 


Tube  Mill  Practice  in  Mexico.—"  A  tube  mill 
was  early  recognized  in  Mexico  for  fine  grinding. 
Krupp  mills  of  standard  types  were  largely  used  at 
first,  but  subsequently  various  American  makes 
came  into  favour.  There  has  been  for  some  time 
considerable  discussion  as  to  the  relative  merits  and 
efficiency  of  long  tube  nulls  and  short  tube  mills,  but 
the  subject  has  not  been  demonstrated  satisfactorily 
to  any  extent  except  to  the  partisans  of  the  respec- 
tive types.  A  few  years  ago  at  the  El  Oro  mill  the 
practice  of  introducing  a  ribbed  lining,  into  which 
the  pebbles  became  fixed  and  formed  automatically  a 
flint  lining  for  the  mill,  was  introduced  and  met  with 


immediate  success.  This  lining  is  quite  generally  used. 
Following  this  improvement  the  Ennis  tube  mill  liner 
was  invented  and  introduced  at  Guanajuato.  The 
idea  consists  of  removable  bars  properly  secured  by 
bolts  which  pass  through  the  fixed  lining  in  the  shell. 
These  bolts  arc  countersunk  so  as  to  permit  the 
wearing  of  the  liner  to  the  level  of  the  fixed  lining, 
which  only  becomes  slightly  worn  between  the  ribs. 
These  fixed  plates  have  an  indefinite  life,  estimated 
at  at  least  five  years.  The  obvious  saving  comes  in 
the  reduction  of  the  weight  of  metal  necessary  for  the 
restoring  of  the  lining.  In  a  tube  mill  16  ft.  by  4  ft., 
the  old  lining  weighed  8  tons.  The  new  lining  will 
have  the  same  weight  for  the  first  set,  including 
plates  and  bars,  but  subsequently  the  bars  will 
weigh  only  3|  tons.  The  bars  will  last  about  8 
months,  and  about  the  same  length  of  time  as  a  set 
of  the  old  time  lining.  Four  of  the  tube  mills  at  the 
Bustos  mill,  Guanajuato,  are  equipped  with  this 
device,  and  it  is  expected  that  others  will  be  likewise 
equipped. 

The  use  of  quartz  ore  in  place  of  Hint  pebbles  has 
been  introduced  at  El  Oro  and  has  been  found 
practicable.  It  has  certain  disadvantages  and  limits, 
reducing  the  output  and  causing  excessive  wear  on 
the  silex  lining.  The  best  practice  has  been  obtained 
by  introducing  a  small  amount  of  pebbles  with  the 
quartz  pieces  in  the  tube  nulls  of  the  El  Oro  type, 
the  pebbles  by  reason  of  their  shape  wedging  between 
the  ribs  and  forming  the  usual  lining.  The  subject 
is  being  carefully  worked  out  by  H.  B.  Smith,  the 
manager  of  the  Guanajuato  Reduction  and  Mines 
Co  ,  and  it  is  expected  that  some  definite  data  on 
this  important  subject  will  be  available  soon. 

The  question  of  the  best  speed  and  proportion  of 
pebbles  to  ore  is  being  carefully  studied  in  the 
different  camps,  and  when  this  data  becomes  avail- 
able it  will  furnish  a  definite  standard  in  tube  mill 
practice,  which  will  be  of  interest  everywhere."  — 
The  Mining  World,  July  3,  1909,  p.  35.     (C.  B.  S.) 


MINING. 

Capacity  of  Sinking  Pumps.—"  The  capacity  of 
a  sinking  pump  is  considerably  increased  by  placing 
it  very  near  the  sump,  so  that  it  can  readily  maintain 
its  supply  of  water,  without  drawing  air."' — Queens- 
land Govt.  Mining  Journal.     (C.  B.  S.) 


Relation  between  Rock  Temperature  and 
Air  Temperature  in  Mines — "  On  the  basis  of 
an  extensive  series  of  calculations,  E.  Schmid 
fOesterreichisctn  Zeitschrift  jiir  Berg-  und  Hiitten- 
wesen,  July  17)  arrives  at  the  conclusion  that  in  very 
deep  mines  it  will  be  impracticable  to  reduce  the 
temperature  of  the  ventilating  current  sufficiently  by 
merely  increasing  its  velocity,  and  that  the  only 
practicable  method  will  be  to  cool  the  air  by  artificial 
means  at  the  working  face,  as  was  done  in  driving 
the  Simplon  tunnel.  —  London  Minimi  Journal. 
August  28,  L909.     p.  276.     (A.  K.) 


Accidents  due  to  Electricity  in  British 
Coal  Minks. — "  The  reports  of  H.  M.  Inspectors  of 
Mines  on  coal  mining  show  that  in  the  various  coal 
mining  districts  there  is  a  disposition  on  the  part  of 
many  owners  and  managers  to  extend  the  use  of 
electricity  as  a  motive  power,  especially  in  the 
Southern  district,  where  it  is  used  for  pumping, 
haulage  and  the  working  of  about  a  dozen  coal- 
cutters. With  regard  to  the  latter,  however,  the 
Inspector  advises  erecting  air  compressors  under- 
ground as  far  in-bye  in  the  intake  airway  as  it  may 
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be  safe  to  work  electrically  and  supply  compressed 
air  to  the  coal-cutters  at  the  face.  In  the  East 
Scottish  district,  where  there  were  126  deaths  and 
524  non-fatal  accidents,  two  fatal  accidents  only  were 
due  to  electricity.  In  the  West  Scotland  district,  of 
85  deaths  and  374  nun  fatal  accidents  only  one  was 
supposed  to  be  due  to  electricity.  In  the  Newcastle 
district,  where  42  electrically  driven  coal-cutting 
machines  are  used,  there  were  no  electrical  accidents. 
In  the  Durham  district  104  deaths  and  570  injured 
were  recorded,  of  which  there  was  only  one  non-fatal 
accident  due  to  electrical  causes.  In  the  Yorkshire 
and  Lincolnshire  district,  with  111  electrical  coal- 
cutters there  was  no  accident  attributable  to  elec- 
tricity. In  the  Liverpool  and  North  Wales  district 
there  were  155  deaths  and  300  injured,  one  workman 
being  killed  by  an  electric  shock  of  500  volts.  In  the 
Midland  district  91  electrical  coal-cutters  were  at 
work  with  two  fatal  electrical  accidents.  In  the 
Stafford  district  111  men  were  killed  and  423  injured, 
and  only  one  non-fatal  accident  due  to  electricity 
occurred.  In  the  Cardiff  district  134  deaths  and  423 
injured  were  recorded,  of  which  one  non-fatal 
accident  was  attributed  to  elect lical  causes.  In  the 
Swansea  district,  one  fatal  accident  occurred  result- 
ing in  the  deaths  of  three  workmen,  due  to  electrical 
detonation  of  gelignite  on  refilling  a  partially  blasted 
bole.  In  the  Southern  district,  of  93  fatal  and  277 
non-fatal  accidents  one  accident  with  one  death 
occurred  from  the  use  of  electricity.  These  data 
prove  that  the  use  of  electricity  underground  is  safe 
so  long  as  proper  precautions  are  taken,  as  many  of 
the  accidents  which  happen  can  be  ascribed  to 
ignorance  or  carelessness  on  the  part  of  the  work- 
men."—Electrical  Engineer,  Aug.  13,  1909,  p.  182. 
(J.  A.  W.) 


Sinking  a  Shaft  by  the  Cement  Process.  - 

"  Dobhelstein  describes  the  sinking  of  a  shaft 
through  water-bearing  strata,  by  the  cement  process, 
at  the  Lievin  Colliery.  On  reaching  the  wet  ground 
a  concave  steel  bottom  was  built  in  the  shaft,  with 
covered  orifices  for  eight  boreholes  round  the  peri- 
phery. Five  of  these  holes  were  driven  down  to  the 
solid  sandstone  and  filled  with  cement  milk,  about 
L22  tons  of  cement  being  used.  After  seventy-five 
days  the  false  bottom  was  removed  and  sinking 
recommenced  ;  but,  owing  to  the  presence  of  un- 
cemented  fissures  in  the  rock,  and  the  fact  that  the 
cement  had  not  set  hard,  the  influx  of  water  soon 
reached  3,300  gallons  pei  hour,  so  that,  by  the  time 
another  60ft.  of  tubbing  had  been  put  in,  the  false 
bottom  was  replaced  and  supplementary  boreholes 
were  driven  and  cemented,  50  tons  of  cement  being 
used.  On  continuing  the  sinking,  it  was  found  that 
the  cement  miik  had  penetrated  the  rock  to  a  depth 
ot  25  ft.  below  the  bottom  of  the  boreholes,  and  com- 
pletely shut  oil'  the  water  from  outside  the  ring  of 
holes.  The  actual  cost  of  the  cementing  process  was 
about  £1, 0(K),  or  only  one-eighth  the  expense  of  the 
freezing     process  "    —  Mining     Journal     (London). 

(C  as.) 


Rope  Cappings  and  Attachment  to  Drum.— 

Ample  strength  in  the  rope  itself  is,  of  course,  of  no 
avail  if  its  attachment  to  the  drum  on  the  one  hand, 
or  to  the  cage  on  the  other,  is  not  proportionately 
strong. 

The  former  attachment  to  the  drum  is  compara- 
tively easily  provided  for  by  baking  advantage  of 
what  is  known  as  coil  friction.  It  is  usual  to  pur- 
chase a  rope  of  considerably  greater  length  than  is 
represented  by   the  distance  from  the  drum   to  the 


bottom  of  the  shaft,  so  that  when  the  cage  is  at  the 
bottom  there  are  still  three  or  four  complete  coils 
left  on  the  drum.  This  extra  length  not  only  pro- 
vides  spare  rope  to  make  up  for  the  pieces  which 
should  be  cut  oft*  at  each  recapping,  but  they  al-o 
serve  to  secure  the  rope  to  the  drum. 

The  coefficient  of  friction  between  a  greased  wire 
rope  and  a  wood-lagged  drum  will  probably  be  about 
0'35,  which  means  that  one  coil  on  the  drum  would 
enable  a  pull  of  1  lb.  to  resist  a  strain  of  9  lb.,  two 
coils  9  9,  three  coils  9  <)  x  «),  and  four  coils 
9  9  x  9  x  9,  or  6,.")til  lb.  With  four  coils  on  the 
drum,  therefore,  and  the  end  passing  through  the 
lagging  secured  with  a  force  of,  say,  ."in  lb.,  the  rope 
is  securely  held,  even  if  the  load  amount  to  as  much 

as   I  111  tons. 

One  frequently  finds  that  tin'  rope  end  which  is 

passed    through    the   drum  lagging   is  given   tw 

three  t  urns  around  the  drum  shaft,  in  which  case  the 
security  is  increased  to  an  enormous  extent,  and 
there  is  not  the  slightest  necessity  for  the  two  or 
three  strong  (damps  which  generally  complete  the 
arrangement.  Yet  at  the  other  end  of  the  rope  we 
have  been  satisfied  with  an  attachment  only  giving 
half  the  strength  of  the  rope. 

Too  much  care  cannot  be  exercised  in  the  selection, 
design  and  application  of  rope  cappings.  The  forged 
-t eel  conical  socket,  in  which  the  prepared  end  of  the 
rope  is  secured  by  means  of  white  metal,  when 
properly  and  carefully  made,  possesses  a  greater 
strength  than  the  rope  to  which  it  is  fitted. — (i.  H. 
Winstanley.  Queensland  Government  Minimi 
Journal.     September  15,  1908.     p.  465.     (C.  B.  S.) 


Record  Driving.— "  The  Modderfontein  B  Gold 
Mines  has  achieved  a  notable  record  for  the  Hand  in 
driving  during  the  month  of  September.  In  a  drive 
from  the  West  Central  shaft,  a  distance  of  no  less 
than  334  ft.  was  accomplished  in  sixty-two  shifts, 
which  leaves  far  behind  the  previous  best,  which  was 
achieved  by  the  Van  Dyk  in  sixty  two  shifts  jast  a 
year  ago.  Before  the  Van  Dyk  record  was  made, 
the  Simmer  Deep  held  the  record,  having  with  three 
machines  driven  294  ft.  in  sixty-one  shifts  in  April, 
1 90S.  In  November  of  the  same  year  272  ft.  wore 
driven  in  the  Vogel  Deep  with  two  machines.  The 
Van  Dyk  record  was  won  by  one  white  man  and  live 
Kafirs  working  each  shift,  using  two  3^  in.  machines. 
In  the  Modder  B,  two  machines  wore  operated  by 
two  machinemen  ;  the  average  holes  per  round  was 
12'5;  the  average  footage  per  day  was  11*13  ft.,  and 
the  size  of  the  drive  (I  ft.  x~  ft.  In  the  Van  Dyk, 
the  average  number  of  holes  per  round  was  twelve, 
and  the  average  number  of  feel  per  round  was5'209." 

South  African  Minimi  Journal,  <>ct.  2,  1909,  p.  58. 
(A.  R.) 


MISCELLANEOUS. 

Points  ox  Adjusting  [nstrumrnts.  —  "  The 
following  points  on  adjusting  instruments  are  doubt- 
less familiar  to  many  field-men,  but  as  they  do  not 
appear  in  any  of  the  text  or  held  books  thai  liave 
come  under  the  writer's  observation,  they  may  not 
lie  out  of  place.  They  possess  the  advantage  that 
many  of  them  can  be  made  without  the  help  of  an 
assistant. 

The  Transit.  -To  Adjust  the  Standards.  Pick  out 
some  line,  as  the  edge  of  a  chimney,  or  the  corner  of 
a  building,  that  9honld  be  plumb.  Sight  to  a  high 
I'  'int  on  it  and  depress  the  telescope,  noting  to  which 
side  of  the  line  sighted,  the  line  01  eolliination  falls. 
Reverse  the  telescope,  turn  the  slate  around,  and 
repeat.     If  the  line  of  oollimation  falls  the  same  dis- 
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tanee  to  the  other  side  the  line  sighted  on  is  plumb, 
and  the  standard  can  he  adjusted  so  the  line  of  colli- 
mation  follows  it  all  the  way  down. 

To  Ac/just  the  Line  of  Collimation. — Having  ad- 
justed the  standards,  set  up  over  a  point  and  set  two 
others  by  foresight  200  and  400  ft.  distant,  thus  giv- 
ing three  points  in  a  straight  line.  Set  up  over  the 
middle  point  sight  to  one  of  the  others,  reverse,  and 
note  the  distance  the  line  of  collimation  falls  from 
the  other.  The  vertical  cross-hair  is  then  moved 
over  one-half  the  error,  instead  of  one-fourth,  as  is 
customary,  when  the  two  outer  points  are  set  by  a 
foresight  and  backsight. 

Second  Method. — Pick  out  some  distant  object  for 
a  foresight,  reverse  and  find  some  near  object  on  line. 
Turn  the  plate  around  and  sight  to  the  near  object 
again.  Plunge  the  telescope  and  note  where  the  line 
of  sight  appears  with  reference  to  the  distant  object. 
This  method  of  long  and  short  sight  makes  the  error 
more  apparent,  which  should  be  taken  into  consider- 
ation in  making  the  adjustment,  and  care  used  that 
the  crosshairs  are  not  moved  too  much. 

To  Adjust  the  Telescope  Level  and  Vertical  Circle. 
Set  the  vertical  circle  so  that  its  zero  coincides  with 
the  zero  of  vernier.  Pick  out  some  object  300  ft.  to 
500  ft,  distant  cut  by  the  horizontal  cross-hair, 
reverse  the  telescope,  turn  the  plate  around,  and 
again  bring  the  cross-hair  on  the  object  sighted.  If 
the  zeros  do  not  coincide,  read  the  error,  and  move 
the  vernier  over  one-half  of  it,  repeating  the  opera- 
tion until  the  zeros  coincide  in  both  positions  of  the 
telescope.  "When  this  point  is  reached  the  telescope 
is  level,  and  the  bubble  should  be  adjusted  to 
it.  J 

The  Level. — To  Adjust  the  Horizontal  Cross-Hair. 
— The  bubble  being  adjusted  so  that  it  will  reverse 
perfectly,  drive  two  pegs  in  the  ground  300  to  500  ft. 
apart,  and  set  up  as  near  one  of  them  as  possible  to 
get  a  clear  sight.  Take  a  reading  with  the  target 
and  assuming  and  elevation  for  the  peg  of  100  figure 
and  H.I.  Move  the  rod  to  the  other  peg,  take  a 
reading  and  calculate  its  elevation.  Move  the 
instrument  to  the  second  peg,  take  a  reading, 
and  from  it  and  the  elevation  found,  calculate 
a  second  H.I.  Move  the  rod  to  the  first  peg,  and  if 
the  instument  is  in  adjustment,  the  reading  will  give 
it  an  elevation  of  100.  If  this  reading  is  not  obtained, 
set  the  target  half  way  between  the  reading  which  is 
obtained,  and  the  one  which  should  have  been,  and 
adjust  the  horizontal  cross-hair  to  it.  This  adjust- 
ment can  also  be  used  for  the  telescope  level  of  the 
transit."— L.  A.  Palmer.—  The  Mininq  World,  Aug. 
21,  1909.     (C.  B.  S.) 


Corrosion  of  Reinforced  Steel.—"  It  has  been 
said  that  reinforced  concrete  should  be  avoided  as  it 
is  a  treacherous  material  to  use  owing  to  the  fact 
that  the  metal  corrodes,  and  being  covered  by  con- 
crete the  extent  of  the  corrosion  can  never  be  ascer- 
tained, and  therefore  many  well-known  engineers  up 
to  the  present  have  avoided  the  use  of  the  material 
owing  to  this  impression.  If  they  were  right  in 
their  assumption,  and  the  steel  did  corrode,  and  there 
was  no  remedy  for  it,  then  reinforced  concrete  would 
soon  have  had  its  day,  for  its  weakness  in  this 
respect  would  become  generally  known,  and  it  would 
naturally  be  avoided  ;  but  from  a  series  of  experi- 
ments which  the  author  lias  recently  made,  he  is  in 
a  position  to  state  definitely  that  no  such  fears  need 
lie  entertained. 

The  results  of  these  experiments— 21  in  number- 
have  led  to  the  following  conclusions  ; 


(1)  That  rusty  steel  imbedded  in  concrete  will  in  a 
very  short  time  become  bright,  regardless  of  whether 
the  concrete  is  in  water  or  air.  This  point  has,  in  the 
author's  opinion,  been  conclusively  proved  by  his 
experiments. 

(2)  That  the  application  of  cement  grout  to  steel 
is  an  effectual  safeguard  against  corrosion,  but  that 
the  greatest  care  should  be  taken  in  the  grouting  pro- 
cess to  see  that  every  portion  of  the  steel  is  well 
coated,  and  that  before  the  steel  is  embedded  in  the 
concrete  the  cement  grout  is  allowed  to  become  quite 
dry  upon  the  steel. 

(3)  That  if  the  aggregate  used  for  the  concrete  is 
not  porous  and  the  concrete  is  well  mixed,  the  rein- 
forcement being  well  embedded,  no  cement  coating  is 
needed.  (Seeing  that  the  application  of  a  coat  of 
cement  grout  is  such  an  inexpensive  procedure  the 
author  makes  it  a  rule  in  carrying  out  work  of  this 
kind  to  have  all  reinforcement  coated  in  this 
manner.) 

(4)  That  no  porous  materials,  such  as  coke-breeze 
or  slag,  should  be  used  in  connection  with  reinforced 
concrete  work,  if  such  concrete  is  intended  to  be 
under  water  or  exposed  to  the  air. 

(5)  That  linseed  oil  or  turpentine  or  probably  any 
other  coating  except  cement  or  lime  applied  to  steel 
before  its  insertion  in  concrete  facilitates  rather  than 
prevents  the  rusting  of  the  metal. 

(G)  That  it  is  of  great  importance  to  see  that  the 
reinforcing  steel  is  well  embedded  in  the  concrete,  so 
that  every  portion  of  it  is  covered  with  cement. 

(7)  That  the  best  results  were  obtained  when  the 
aggregate  consisted  chiefly  of  broken  stone  or  brick- 
bats.    Gravel  would  no  doubt  answer  as  well. 

The  author  was  surprised  that  such  a  good  result 
was  obtained  with  an  aggregate  composed  of  brick- 
bats. 

(8)  That  river  sand,  generally  speaking,  is  not 
satisfactory  for  reinforced  concrete  work,  where  such 
work  is  required  to  be  water-tight."  —  E.  R. 
Matthews,  Society  of  Engineers.  —The  Mining 
World,  August  24,  1909,  p.  223.     (C.  B.  S.) 

Solution  of  Gold  in  Cyanide.  —  Gold  dis- 
solves in  cyanide  solution  in  direct  proportion 
to  the  area  of  metallic  surface  presented.  The 
area  of  a  sphere  equals  the  square  of  the  diameter 
multiplied  by  3-1416  {A  =  Trd'2)  and  the  volume  equals 
one-sixth  of  the  product  of  the  cube  of  the  diameter 

and  3-1416  |  A=    -).     Therefore,  to  take  the  sim- 


6 

plest  conditions,  if  a  gold  particle  has  a  diameter  of 

1  mm.,  its  volume  will  be  0-5236  cubic  millimetres, 
and  its  area  31416  square  millimetres.  For  a  sphere  of 

2  mm.  iliam. ,  the  corresponding  figures  are  4-188S  and 
12'5664.  The  ratio  of  volume  to  surface  in  the  larger 
particle  is  as  1  to  3,  while  in  the  smaller  it  is  as  1  to  6. 
At  h  mm.  diameter  the  ratio  becomes  1  to  12,  and  so 
on.  The  economical  limit  of  size  is  one  to  be  deter- 
mined in  the  light  of  results. — Mininq  and  Scientific 
Press,  March  20,  1909.     (K.  L.  G.) 

Non-Cracking  Glass.— "The  Baccarat  Works 
(France)  has  manufactured  a  new  kind  of  glass  which 
does  not  ciack  at  a  temperature  of  100  degs.  C, 
when  sprinkled  with  water  at  1">  degs.  C.  This  glass 
lias  been  accepted  for  safety  lamps  as  superior  to 
Jena  glass.  The  composition  is  as  follows  :  75  per 
cent,  sand,  13  per  cent,  bicarbonate  of  soda,  9  per 
cent,  manganese  carbonate,  6  per  cent,  zinc  oxide, 
5  per  cent,  lead  oxide."  —  Kassegna  Mineraria, 
August  21. — London  Mininq  Journal,  Oct,  2.  p.  13, 
1909.     (A.  R.) 
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(We  shall  be  pleased  to  review  any  Scientific  or  Tech- 
nical Work  sent  to  us  for  that  purpose. ) 

Rapid  Methods  for  the  Chemical  Analysis  of 
Special  Steels,  Steel-Making  Alloys,  and 
Graphite.    By    Charles   Morris   Johnson. 
First    Edition.      12s.    6d.      (New    York,   N.Y., 
U.S.A.  :  John  Wiley  &  Sons.     London  :  Chap- 
man &  Hall,  Ltd.) 
"  Nothing  hnt  praise  can    be    accorded  to    this 
thoroughly  practical  work,  whose  220  pages  include 
innumerable  useful  tips  on  special  points  in  connec- 
tion  with   the  analysis  of  '  special  steels;'  and  of 
special  metals  and  alloys  used  in  their  manufacture. 
The  advance  during  the  last  few  years  in  the  use 
of   such   metals   as   chromium,    nickel,    manganese, 
tungsten,  cobalt,  molybdenum,  vanadium,  tantalum, 
niobium,  etc.,  and  in  the  production  of  such  metals 
and  their  ferro-alloys,  for  producing  special  properties 
in  steel,  has  revolutionised  the  special  steel  industry 
and,   incidentally,   the   methods  employed   in  their 
analysis.      This   work,    whose   author  is   the    chief 
chemist  to  the  Park  Steel  Works  of  the  Crucible 
Steel  Company  of  America,  gives  details,  and  especi- 
ally notes  on   what  to   expect  and  what  to  avoid, 
which  cannot  be  obtained  elsewhere. 

An  important  featuie  of  the  book  is  the  fact  that 
the  author  appears  to  have  not  merely  selected 
methods  of  recognised  value,  but  has  tested  most  of 
them  himself,  and  has  only  recommended  those  which 
he  himself  knows  to  be  reliable. 

Although  dealing  mainly  with  special  steels,  there 
is  much  of  value  to  the  ordinary  iron  and  steel  or 
general  analyst.  Methods  are  given,  for  instance, 
for  testing  tungsten,  molybdenum,  and  other 
powders  :  special  tips  are  given  for  carbon,  sulphur, 
phosphorus,  and  silicon  determination  ;  and  a  few 
notes  useful  to  those  engaged  in  the  assay  of  ores  are 
added. 

Apart  from  its  interest  to  the  analyst,  a  perusal  of 
the  work  shows  how  largely  the  iron  and  steel 
industry  is  now  connected  with  '  non-ferrous'  metal- 
lurgy, on  account  of  the  increasing  use  of  other 
metals  in  steel  manufacture.  Each  manufacturer 
lias  his  own  fancies  as  to  metals  to  be  added,  and  as 
to  their  proportions,  and,  although  one  may  doubt 
whether  so  great  a  variety  in  composition  is  necessary 
or  advisable,  the  difficulties  of  the  analyst  are  grow- 
ing daily,  and  can  only  be  met  by  the  publication  of 
such  works  as  that  under  review,  written  by  men  of 
experience  and  kept  well  up  to  date."  —  London 
Mining  Journal,  Sept.  25,  1909,  p.  429.     (A.  R.) 


Index  of  Mining  Engineering  Literature.     By 
Dr.  W.  R.  Crane,  Dean  of  the  School  of  Mine's 
and    Metallurgy,     Pennsylvania    State    School, 
State  College,  Pa.     Price  .$4.     812  pages.     (New 
York  City  :  Wiley  &  Sons.) 
"  This  volume  includes  a  complete  and  carefully 
compiled  index  of  some  eighteen  engineering  publica- 
tions, including  the  mining  journals,  and  the  trans- 
actions  of   societies.      In    many   eases   tin'   references 
are  complete  for  all  volumes  from  the  first  date  of 
publication.    The  book  represents  a  vast  amount  of 
research  work  and  will  be  of  great  value  to  the  mill- 
ing profession.     The  reviewer  has  had  the  privilege 
of   using  Dr.  Crane's  card  catalogue  before  publica- 
tion, and  he  therefore  has  no  hesitancy  in  reconinied- 
ing  this  publication  most  highly.     It  is  to  be  hoped 
that  annual  appendices  will  keep  the  index  up  to 
date." — Mines  and  Minerals,  Sept.,  1909.     (A.  R.) 


Bailey,  C.  H.  First  Stage  Inorganic  Chemistry 
(Theoretical).  Edited  by  William  Briggs.  4th 
Edition.     Cr.  8vo.,  pp.  257.      W.  B.  Clive.     2s. 

Ball,  Sir  Robert  S.  The  Earth's  Beginning.  New 
Edition.     8vo.,  pp.  400.     Cassell.     7s.  6d. 

Bausor,  II.  W.  First  Stage  Inorganic  Chemistry 
(Practical).  Revised  Edition.  (Organised  Science 
Series.)     Roy.  lGmo.,  limp.     Clime.     Is. 

Belden,  A.  W.,  Delamater,  G.  R.,  and  Grovees, 
J.  W.  Washing  and  Coaking  Tests  of  Coal  at  the 
Fuel  Testing  Plants,  Denver,  Colo.,  July  1,  1907,  to 
June  30,  1908.  (Bulletin  U.S.  Geological  Survey.) 
2  Plates  and  Engravings.    8vo.,  sd.     Wesley.    Is.  6d. 

British  Standard  Specification  and  Sections  of 
Steel  Fish  Plates  for  British  Standard  Bull  Head 
I  tail  way  Rails,  etc.  Folio,  sd.  C.  Lockwood.  Net 
10s.  6d. 

Burrows,  J.  S.,  and  Randall,  D.  T.  Results  of 
Purchasing  Coal  under  Government  Specifications. 
With  a  Paper  on  burning  the  Small  Sizes  Anthracite 
for  Heat  and  Power  Purposes.  (LT.S.  Geological 
Survey  Bulletin.)  8vo.,  sd.,  pp.  44.  Wesley.  Net 
Is.  6d. 

Clowes,  Frank,  and  Coleman,  J.  B.  Quantitative 
Chemical  Analysis.  8th  Edition.  8vo.,  pp.  590. 
Churchill.     Net  10s.  6d. 

Kelsey,  W.  R.  Continuous  Current  Dynamos  and 
Motors  and  their  Control.  2nd  Edition.  Cr.  8vo., 
pp.  354.     Tech.  Pub.  Co      Net  7s.  fid. 

Macfarlane,  Walter.  Laboratory  Notes  on  Iron 
and  Steel  Analysis.  Cr.  8vo.,  pp.  478.  Longmans. 
Net  7s.  6d. 

Marks,  Lionel  S.,  and  Davis,  Harvey  N.  Tables 
and  Diagrams  of  the  Thermal  Properties  of  Saturated 
and  Superheated  Steam.     8vo.     Longmans.     7s.  6d. 

Maxim,  James  L.  The  Apprentice's  Course  of 
Experimental  Physics  and  Mechanics.  For  Prelimi- 
nary Technical  Students  and  Secondary  School 
Pupils.     12tno. ,  pp.  126.     Longmans.     Is.  6d. 

Standard  Specilication  for  Ammeters  and  Volt- 
meters.    Folio,  sd.     C.  Lockwood.     Net  2s.  6d. 

Standard  Specifications  for  Keys  and  Keyways. 
Folio,  sd.     C.  Lockwood.     Net  2s.  6d. 

Standard  Specification  for  Wrought  Iron  of  Smith- 
ing. Quality  for  Ship  Building.  Grade  D.  Folio, 
sd.     ('.  Lockwood.     Net  2s.  6d. 

Workshop  Receipts  for  Manufactures  and  Scientific 
Amateurs.  Vol.  2.  New  and  thoroughly  Revised 
Edition.     Cr.  8vo.,  pp.  550.     Span.     Net  3s. 


Selected  Transvaal  Patent  Applications. 


Relating  to  Chemistry,  Metallurgy  and 
Mining. 


Compiled  by  C.  H.  M.  Kisch,  F.M.Chart.Inst.P.A. 

(London),  Johannesburg  (Member). 


(N.B. — In  this  list  (P)  means  provisional  specifica- 
tion, and  (C)  complete  specification.  The  number 
given  is  that  of  the  specification,  the  name  that  oj  the 
applicant,  and  (he  date  that  of  filing.) 

(C.)     184/00.     Henry    .lame-.    Shedlock    Heather. 

An  improved  method  of  automatically  isolating 
damaged  electrical  cables.     27.10.09. 

(l\j  485/09.  Richard  Wild.  Vacuum  brake  for 
mine  cages  or  skips.    28. 10.09. 

(I'.)  4s<;  on.  Charles  Robert  Bishop.  Anew  and 
improved  lubricant  mixture,     28.10.09. 
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(P.)  488/09.  Richard  Colson.  Iniprovements  in 
apparatus  or  means  for  use  in  surveying  mine  stopes 
and  the  like.     28.10.09. 

(P.)  489/09.  William  Berthelson.  An  improved 
chuck  for  fastening  drills  in  rock  drilling  machines 
and  the  like.     29. 10.09. 

(P.)  490/09.  Fritz  Wagner.  Improvements  in 
means  for  obviating  the  vibrations  of  main  pressure 
actuated  valves.     29.10.09. 

(C.)  493H9  William  Rees  Bevan  (1),  Daniel 
Thomas  Morley  (2).  Improvements  in  nu-t  locks. 
29.10.09. 

(P.)  497/09.  John  Whitford  (1),  James  Amos 
Mills  (2).  Improvements  in  means  or  devices  for 
loading  skips  or  other  vehicles  in  mine  shafts  and  the 
like.     1.11.09. 

(P.)  499/09.  Robert  Drew.  Improved  holding 
jack  for  idle  battery  stamps.      1.11.09. 

(P.)  502/09.  Henry  dames  Shedlock  Heather. 
An  improved  method  of  automatically  isolating 
damaged  electrical  lines  or  sections  of  lines.    2.11.09. 

(C.)  503/09.  John  Scarisbrick  Walker(l),  Thomas 
Ashcroft  Walker  (2),  Edwin  Robert  Walker  (3).  Im- 
provements in  or  relating  to  valves  l"i  blowing 
engine  compressors  and  the  like.     5.11.09. 

(P.)  50409.  Kenneth  Oldham  Powrie.  Survey- 
ing instrument.     5.11.09. 

(C.)  505  nil.  Charles  Allen.  Slime  separator  and 
classifier.     6.11.09. 

(P.)  506/09.  Walter  Williams  Wright.  A 
gradual  safety  brake  for  use  on  mine  cages,  lifts  and 
the  like.     8.U.09. 

(P.)  507/09.  James  Ernest  Horsfield.  Improve- 
ments in  nozzles  and  the  like.     8  11.09. 

(P.)  509/09.  Francis  Joseph  Watts  (1),  Fraser 
Frederick  Alexander  (2).  Improvements  in  electric- 
ally actuated  apparatus  for  cleaning  and  scouring 
amalgamating  plates  or  surfaces.     Ht.ll.n9. 

(C.)  510/09^  Charles  Desmarais  (1  |,  Michael  John 
O'Brien  (2).  Core  extractor  for  mining  drills  and  the 
like.     10.11.09. 

(P.)  511/09.  Sidney  Shenard  Osborn.  Improve- 
ments in  tube  mill  linings.     10.11.09. 

(P.)  512/09.  William  Cullen  (1).  Eric  Hartwig 
Weiskopf  (2),  British  South  African  Explosives  Co., 
Ltd.  (3).  Improvements  in  nitro-glvceiine  explosives. 
Ki.11.09. 

(C.)  513/09.  Claude  Albermarle  Bettington.  Im- 
provements in  and  relating  to  apparatus  for  pulveris- 
ing coal  and  other  materials.     12.11.09. 

(C.)  514/09.  Harry  August  Stockman.  Improve- 
ments in  means  or  apparatus  for  disintegrating  ores, 
minerals  and  other  materials,  and  recovering  the 
metal  or  other  contents  thereof.     12. 11.09. 

(C.)  515/09.  Howard  Robard  Hughes.  Drills. 
12.11.09. 

(C. )  516/09.  Donald  Barnes  Morison.  Improve- 
ments relating  to  cooling  towers.     12.11.09. 

(C.)  518/09.  Frank  Humphris.  Improvements  in 
and  relating  to  toothed  driving  gear.     12.11.09. 

(C. )  519/09.  Bernhard  Baron.  Improved  means 
for  charging  smoking  pipe-.     12. 1 1 .09. 

(P. )  520/09.  Thomas  Henry  Bradbury.  Improve- 
ments in  electric  resistance  furnaces.     12.11.09 

(P.)  521/09.  David  Robert  Colman.  Improve- 
ments in  means  or  apparatus  for  depositing  mine 
residues  or  other  material  upon  mine  dumps  or  other 
depositing  sites.     13.11.09. 

I  P.)  522/09.  John  Whitford  (1),  Joseph  Amos 
Mills  (2).  Improvements  in  means  for  changing 
vehicles  traversing  mine  shafts.      13. 1 1.09. 

(P.)  523/09.  George  Taylor  Philip  (1),  Arthur 
Chichele  Plowden  (2).     Improvements  in  or  relating 


to  couplings  for  trucks  and  other  vehicles. 
15.11.09. 

(C.)  524/09.  Frederick  Godfried  Carl  Rincker  (1), 
Louis  Wolter  (2).  Improved  method  of  and  means 
for  obtaining  gas  from  tar  oil  and  the  like  in  gas  pro- 
ducer plant.'     16.11.09. 

(P.)  525/09.  Alfred  George  Newkey  Burden. 
Improvements  in  guides  for  the  stems  of  the  stamps 
of  stamp  mills.     17.11.09. 

(P.)  526/09.  Edward  Henry  Croghan.  Extrac- 
tion of  litharge  from  used  cupels.     19.11.09. 

(P.)  527/09.  Sidney  Rickman  Adams.  Improve- 
ment- in  mean-  for  regulating  or  shutting  off  the 
underflow  from  de-watering  and  classifying  cones 
and  the  like.     19.11.09. 

(P.)  528/09.  Joseph  Henry  Dobson.  Electric  heat 
accumulator.     19.11.09. 

(C.)  529/09.  Allan  Macpherson.  Apparatus  for 
generating  and  storing  petrol  and  like  gas.    19.11.09. 

(C.)  530/09.  Arthur  Owen  Jones.  Improvements 
in  or  relating  to  coke  ovens.     19.1 1.09. 

(C.)  531/09.  Arthur  Owen  .lones.  Improvements 
in  or  relating  to  coke  ovens.      19.11.09. 

(C.)  ,132  i>9.  Arthur  Owen  Jones.  Improvements 
in  or  relating  to  coke  ovens.     19.11.09. 

(C.)  533/09.  Arthur  Owen  Jones.  Improvements 
in  and  means  and  appliances  for  discharging  and  con- 
veying away  the  coke  product  from  vertical  coke 
ovens  or  gas  retorts  with  base  discharge.     19. lid '9. 

(P.)  534/09.  Edmund  Arthur  Hamblin.  An  im- 
piovement  in  or  relating  to  the  method  or  manner  of 
uncoupling  railway  engines,  carriages,  trucks  or 
vehicles  of  any  description.     20. 11.09. 

(P  )  535/09.  Frederick  Walter  Cindel.  Improve- 
ments  relating  to  stamps.     20.11.09. 

(P.)  536/09.  George  Watt.  Tool  for  shaping 
rock  drills.     22.11.09. 

(P.)  538/09.  John  Wilkinson  Kirkland.  Improve- 
ments in  electrical  hoi- ting  apparatus.     23. 11. 09. 

(C.)  539/09.  John  Turns.  An  apparatus  for  the 
storage  and  compression  of  air  gases  and  liquids 
under  pressure.     23.11.09. 

(P.)  541  09.  Victor  Frolich.  Improvements  in 
means  for  operating  gravity  stamps.     24.11.09. 

(P.)  542/09.  Hugh  McMenamin.  Improvements 
in  means  for  feeding  ore  to  the  stamps  of  stamp 
mills.     24.11.09. 

(P.)  543/09.  Douglas  William  Stacey.  An  im- 
proved filter  for  cyanide  solutions.     24.11.09. 

(P.)  .".46  09.  Charles  Harrison  Dixon  (1),  William 
Beaver  r2\.  Mechanical  linger  for  receiving  and 
holding  gravity  -tamps  when  idle.     25.11.09. 

(C.)  547/09.  Oscar  Clarence  Beach.  Improve- 
ment- in  grinding  mills.     26.11.09. 

(C.)  548/09.  Robert  Lemmon  (1),  Robert  Patrick 
Holmes  (2).     Automatic  Filler  press.     26.11.09. 

(C.)  549/09.  Claude  Albermarle  Bettington.  Im- 
provements relating  to  steam  generators.     26.11.09. 

(C.)  550,09.  Paul  Brenner  (1),  Otto  Hoffmann  (2). 
Improvements  in  a  self  acting  valve  for  pumps  and 
similar  devices.     26.11.09. 

(P.)  551/09.  Kenneth  Bingham  Hainan.  Im- 
proved means  for  facilitating  the  complete  detona- 
tion of  gelatinous  nkro-glyceriue  explosives. 
29.11.09. 

(C.)  552  09.  Edward  James  Mahood.  Iniprove- 
ments in  apparatus  for  raising  and  lowering  the 
propeller  in  that  (da—  of  agitating  apparatus  in 
which  a  propeller  is  used  as  the  agitating  medium. 
30.11.09. 

(C.)  553/09.  Alexander  Albert  Holle.  Improve- 
ments in  steam  and  other  fluid  turbines.     30.-U.09. 
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(P.)     555/09. 
provements  in 


(P.)  554/09.  Frederick  Hudson  Shepherd  Shepherd 
(1),  Justinian  Myer  Cohen  (2).  Improvements  in 
apparatus  for  drilling  or  boring  holes  by  hand  or 
other  power  for  mining  and  the  like  operations. 
L  12.09. 

Gustavus   Adolphus   Slieeley.     Im- 
linings   for   tube   and  similar  mills. 
1.12.09. 

(P.)  556/09.  James  Wilson  McNicol.  Improve- 
ments in  jockey  or  rope  grips  for  mechanical  haulage. 
3.12.09. 

(P.)  557/09  Alfred  Sidney  Colam.  Improve- 
ments in  side  or  end  discharge  trucks.     3.12.09. 

(C.)  559/09.  Loftus  Gray.  Explosive  compound 
and  process  for  making  same.     3.12.09. 

(P.)  562  09.  Cecil  Francis  Webbe  (1),  Peter 
David  Vbigt  Alexander  (2).  Improvements  in 
jockeys  or  rope  grips  for  mechanical  haulage.  4.12.09. 

(P.)  563/09.  Hugh  Ross  (1),  George  Richard 
Mayor  (2).     Miss-fire  proof  paste.     6.12  09. 

(P.)  564/09.  Andrew  Swan.  An  immoved  appa- 
ratus for  the  separation  of  liquids  from  finely  divided 
solids.  Particularly  applicable  to  the  treatment  of 
gold  slimes,  ore  slimes  and  the  like.     6.12.09. 

(P.)'  566/09.  Robert  Allen.  Improvements  in 
apparatus  for  filtering  or  clarifying  liquids.     8.12.09. 

(P.)  567/09.  Hans  Charles  Behr.  Improvements 
relating  to  clutches  suitable  for  winding  engine 
drums.     8.12.09. 

(C.)  569/09.  Hugo  Philip  Crush.  An  improved 
method  of  and  apparatus  for  filtering  liquids. 
10.12.09. 

(C.)  570/09.  Alfred  MotHtt  Sedgley.  Improve- 
ments in  centrifugal  pump,  filters  and  strainers. 
10.12.09. 

(C.)  571/09.  Hugo  Ruth.  Improvements  relat- 
ing to  reciprocating  fee  1  troughs,     in  12.09. 

(C.)  572/09.  Lewis  Condict  Bayles.  Improve- 
ments in  direct  acting  engines.     10.12  09. 

(C.)  573/09.  William  Edward  Handheld.  Im- 
provements in  the  attachment  of  telegraph  and 
similar  line  wires  to  insulators.     10.12  09. 

(C.)  574/09.  John  Collins  Clancy.  Treatment  of 
precious  metalliferous  ores.     10.12.09. 

(C.)  575/09.  Thomas  Julian  Bane.  An  improve- 
ment in  valves.     1012.09. 

(P.)  576/09.  David  Gilmour.  Improvements  in 
fixing  cam  pulleys  to  cam  shafts.      13.12.(19. 

(C.)  577/09.  Henry  Livingstone  Sulman  (1). 
Henry  Howard  Greenway  (2),  Arthur  Howard 
Higging  (3).  Improvements  in  or  relating  to  the  con- 
centration of  ores.      15. 12.09. 

(P.)  578  09.  Arthur  George  Taylor.  Improved 
apparatus  for  Interlacing  wires.     17.l2.no. 

(P.)     579/H9.      Hugh    Mc.Menamin.     Tub.'    f ler. 

17.12(1'.). 

(C.)  580/09.  Reginold  Vanderzee  Farnham.  Im- 
provements in  gas  producer  plant.     17.12.n9. 

(P.)  581/09.  William  Charles  Stephens.  Im- 
proveuients  in  valve  mechanism  for  rock  drills  and 
other  reciprocating  engines.     17.12.09. 

(P.)  583/09.  Alexander  John  Arbuckle.  Im- 
provements in  apparatus  for  classifying  crushed  ore 
products.      IS. 12.(19. 

(P.)  584/09.  John  Sacks.  Improvements  in  the 
process  for  production  and  concentration  of  acetic 
acid.     is.  12.(19. 

(P.)  585/09  Henry  Wilfred  Frewin.  An  im- 
proved amalgam  nap.     20.12.09. 

(C.i  586/09.  Frank  Ondra  (1),  Alfred  Adair  (2). 
Improvements  relating  to  the  treatment  of  zinc  solu- 
tions, for  the  recovery  of  metal?  or  metal  compounds 
therefrom.     20.12.09. 


(P.)  587/09.  Jean  Harte.  Improvement-  in 
detonators.     21.12.09. 

(C.)  591/09.  Henry  Malcolm  Caldwell  (1),  Thomas 
Smith  (2).  Improvements  in  or  relating  to  meat  s 
for  governing  and  or  regulating  pressure  of  gas  or 
supply  of  gas  ;  either  with  or  without  an  indicator. 
24. 12.09. 
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(C.)       484/09.        Henry    James    Shedlock     Heather. 
An  improved  method  of  automatically  isolating 
damaged  electrical  cables.     27. 1"  09. 
The  application  relates  to  a  device  for  automati- 
cally  isolating   faults   on   three-phase   cables.     The 
applicant  proposes  to  use  the  Mertz  Price  system  of 
balanced  current  transformers  for  operating  the  trip 
coils,    but  omits  the  pilot   wires  and   connects   the 
secondaries  of  the  current  transformers  in  series  with 
the  trip  coils  direct ly  across  the  lines. 

(C.)  445/09.  Edward  Farrar.  Improvements  in 
classifying  and  concentrating  apparatus.  30.9.09. 
This  application  relates  to  a  classifying  and  con- 
centrating apparatus,  including  one  oi  more  deep 
and  narrow  channels  which  are  of  considerable 
length  in  proportion  to  their  width,  and  a  horizont- 
ally disposed  plate  or  plates  so  adapted  as  to  divide 
the  stream  or  streams  at  any  desired  point. 

(P.)     465/08.     Charlton  Frederic  Bayly.     Device  for 
regulating  the  underflow  of  cones,  spitzkasten 
and  the  like.     24.11.08. 
This  is  a  device  for  regulating  the  underflow  of 
pulp  from  classifying  cones,  spitzkasten,  etc.,    and 
consists  of  a  Hat  iron  side,  fitting  in  a  box  attached 
to  the  apex  of  the  cone  or  spitzkasten.     The  slide  is 
fitted  with  a  movable  bush  of  the  desired  diameter  of 
orifice,  which  is  quickly  replaceable  when  worn  or  a 
change  of  diameter  is   required,  by  partially   with- 
drawing the  slide,  bringing  the  bush    beyond    the 
edge  of  the  fixed  box  where  change  of  bush  maybe 
effected. 

(P.)      21/09.       Frank   Gowine   Alfred    Roberts    ,  1 1, 
.lames   Frederick    Ferguson  (2),    Alwine    Rupert 
Troye    (3).       Improvements   in    assay    furnaces. 
13.1.09. 
This  invention  relates  to  a  combined  crucible  and 
muffle  assay  furnace  designed  for  the  use  of  coal  or 
similar  fuel,  in  which  the  construction  of  the  parti- 
tion walls  are  -o  arranged  that  the  heated  gases  from 
the  separate  combustion  chambers  serve  to  mutually 
heat  both  inutile  and  crucible  chambers.     This  pur- 
pose is  attained  bypassing  the  products  of  combus- 
tion  through   the   heating    chambers    and    returning 

them  under  the  floor  of  the  crucible  chamber  and 
along  the  side  of  the  muffle  chamber. 

(P.)  57/09.  William  Arthur  Caldecott.  A  new  or 
improved  Bubstance  for  precipitating  metal-  from 
their  solutions.     3.2.09. 

The  above  application  relates  to  an  improved  sub- 
stance for  precipitating  metals  from  their  solutions, 
and  consists  of  employing   the  product  obtained  by 

the  application  of  sufficient  heat  to  any  carbona< us 

matter  capable  of  yielding;  hydro-carbon  compounds 
and  a  residue  of  fixed  carbon  (such  as  coal,  peat,  tar 
and  the  like)  in  order  to  reform  the  hydro-carbon 
compounds,  but  insufficient  to  expel  all  the  hydrogen. 

The  solution  is  brought  into  contact  with  the 
above  substance  in  any  approved  manner,  the  metal 
being  extracted   by  such  contact,  and  recovered   by 
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subsequent  burning  and  treating  the  resulting  ash, 
or  any  other  suitable  method. 

(P.)      105/09.      Edward  Macartney.      Improvements 
in  means  for  distributing  tailings  or  the  like  on 
mine  dumps,  applicable  also  for  other  analogous 
purposes.     4.3.09. 
This  invention  consists  of  a  large  and  long  Archi- 
medean screw,  operated  by  power  and  enclosed  in  a 
box  inclined  at  any  angle  to  give  the  desired  eleva- 
tion at  the  discharge  end.     This  apparatus  is  laid 
into  the  tailings  dump  and  projects  over  the  edge  of 
the  dump.     It  may  be  fed  by  trucks  dumping  their 
contents  into  the  lower  open  end  of  the  box  or  ina.\ 
be  in  use  for  the  full  length  of  the  haulage  from  the 
tank  to  the  dump. 

(P.)    298/09.    John  Bartle  (1),  John  Miller  Anderson 

(2).     Block  and  tile  liners  for  launders  and  tube 

mills.     19.6.09. 

This     application    relates    to    specially    prepared 

blocks   for   tube   mill    lining    and    tiles    for    lining 

launders.     The  composition  of  the  above  is  stated 

as  : — 

Per  cent. 
Slag  (boro  sodii  silicate  with  l>Rse  metal 

oxides  and  sulphides)  ...  ...  83"3 

Iron  Filings     ...  ...  8 "3 

Pot  clay  ..  ...  ...  4"2 

Sodium  borate  ...  ...  ...  4 '2 

100-0 

In  manufacture  the  slag  is  broken  up  and  fed  into 

crucible,  the  other  ingredients  are  mixed  and  added 

together  and  the  whole  heated  to  1,050°  C.  and  run 

into  moulds  to  whatever  shape  may  be  desired. 

(C.)     322/09.     A.  A.  Lockwood.     Treatment  of  ores 
and  carboniferous  earths  and  to  the  treatment  of 
oils  to  this  purpose.     9.7.09. 
This  specification  describes  and  claims  the  process 

of  treating  ores  with  an  oily   liquid  and  insoluble 

metallic  salts,  soap,  magnetic  iron  oxide  and  sulphate 

of  alumina. 

(C.)     133/09.     William  Stansfield  (1),   John   Joseph 
Hatt    (2).       Improvements   in    and    relating   to 
magnet  windings  of  electro-magnetic  apparatus. 
24.9.09. 
This  invention  lias  for  its  object  the  maintenance 
of  either  constant  magnetisation  or  constant  voltage* 
in  dynamo  electric  machinery.     It  is  specially  appli- 
cable to  generators  for  lighting  railway  trains. 

For  these  purposes  the  applicants  make  use  of 
additional  exciting  coils  in  combination  with  resist- 
ances composed  of  selected  materials  having  specially 
suitable  temperature  coefficients.  They  also  describe 
and  claim  special  arrangements  of  armature  con- 
ductors in  combination  with  the  fields  produced  as 
above  described. 

(C.)  457/09.  John  Hugh  Fortescue.  Roller  mill 
concentrate  crusher.  6.10.09. 
This  refers  to  a  roller  mill  for  finer  crushing  of 
sands  and  concentrates  consisting  of  three  pairs  of 
steel  rolls,  one  pair  above  the  other.  The  claims  are 
for  the  "jigger"  table  screening  apparatus  separat- 
ing sands  from  slimes,  and  for  springs  behind  the 
rollers  and  set  screws  for  adjusting  same. 

(P.)     487,08.     Alexander  John  Arbuckle.     Improve- 
ments in  tanks  or  vessels  for  separating  commi- 
nuted solid  matter  such  as  pulverised  ore  from 
liquid.     11.12.08. 
This  application  relates  to  the  construction  of  vats 

or  vessels,  the  main  features  consisting  in  providing 


inside  the  vat  or  vessel  a  certain  number  of  inverted 
hollow  cones,  so  as  to  provide  a  greater  settling 
surface  for  the  deposition  of  the  pulp  under  treatment, 
and  also  in  combination  with  the  above  an  arrange- 
ment of  upright  cones  arranged  between  the  utter- 
most inverted  cone  and  the  inside  of  the  vessel.  An 
angle  of  about  60°  is  given  to  the  depositing  or 
settling  areas  thus  produced.  The  patent  also  in- 
cludes the  form  of  apparatus  in  which  the  vessel 
comprises  an  upper  cylindrical  portion  and  a  lower 
inverted  truncated  conical  portion  containing  an 
internal  cylinder  and  a  plurality  of  inverted  trun- 
cated cones  arranged  inside  the  internal  cylinder  and 
cone,  as  well  as  an  overflow  launder  to  carry  the 
clear  liquids  obtained  during  the  working  of  the 
apparatus. 

(C.)  472/09.  Bernard  Alexander  Firth  (1),  Herbert 
Henry  Ashdown  (2).  Improvements  in  or  relat- 
ing to  shoes  for  mining  stamps  ami  the  like. 
1G.  10.09. 

This  application  relates  to  the  manufacture  of 
shoes  for  stamp  mills,  and  proposes  the  use  of  a  grade 
of  metal  in  the  shank  differing  from  that  used  for  the 
body  of  the  shoe,  a  comparatively  soft  metal  being 
used  for  the  former  as  being  less  liable  to  fracture, 
while  a  hard  metal  is  used  in  the  body  to  give 
greater  resistance  to  wear. 

The  applicants  propose  to  make  the  shanks 
separate  pieces,  and  to  secure  them  to  the  bodies  of 
the  shoes  by  casting  or  forging  the  latter  around 
them  and  thus  securing  a  permanent  connection 
between  the  two  portions.  They  claim  that  this 
method  enables  a  selection  to  he  made  giving  hard 
metal  for  the  body  of  the  shoe  and  soft  tough  metal 
for  the  shank. 


Changes  of  Addresses. 

Member  and  Associates  are  requested  to  notify  the 
Secretary  immediately  of  any  change  in  address, 
otherwise  it  is  impossible  to  guarantee  the  delivery  of 
Jour)ials  or  Notices.  The  Secretary  should  be  notified 
of  non-receipt  of  Journals  and  Notices  at  once. 


BLAESER,  ('.  A.,  to  P.  O.  Box  3634,  Johannesburg. 

Cooke,  R.  C.  H.,  l[o  London  ;  Queen's  Hotel,  Salis- 
bury, Rhodesia. 

DODDS,  J.  B.  K.,  Ijo  Springs;  New  Heriot  G.  M. 
Co.,  Ltd..  P.  O.  Box  10,  Cleveland. 

Douglass,  Ross  E.,  Ijo  California ;  P.  O.  Box  162, 

East  Kiev,  Nevada,  l/.S.A. 
GRIEESON,  X.  V.,  Ijo  \Y.   Australia;  Uruguay  Con- 
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Proceeding's 

AT 

Ordinary  General  Meeting", 
January    15,  1910. 


The  Ordinary  General  Meeting  of  the  Society 
was  held  in  the  Lecture  Theatre  of  the  Trans- 
vaal University  College,  on  Saturday  evening, 
January  15th,  Mr.  Chas.  B.  Saner  (Vice-Presi- 
dent) in  the  chair.     There  were  also  present : — 

49  Members  :  Messrs.  W.  R.  Dowling,  A. 
Richardson,  R.  Stokes,  J.  E.  Thomas,  H.  A. 
White,  R.  G.  Bevington,  W.  A.  Caldecott,  A.  F. 
Crosse,  E.  H.  Johnson,  S.  H.  Pearce,  R.  Allen, 
G.  S.  S.  Anderson,  A.  Avent,  F.  W.  Bentlev, 
A.  J.  Bowness,  W.  Broom,  D.  Coll,  M.  H. 
Coombe,  M.  J.  Doyle,  J.  F.  Ferguson,  G. 
Goodwin,  J.  Gray,  C.  Hunter,  A.  J.  Johnson, 
T.  Johnson,  G.  A.  Lavvson,  H.  Lea,  J.  Lea,  I!. 
MacGregor,  C.  E.  Meyer,  P.  T.  Morrisby,  W. 
Nicklin,  F.  B.  Ogle,  F.  D.  Phillips,  W.'s.  V. 
Price,  J.  F.  Pyles,  A.  Salkinson,  H.  A.  Scarf,  C.  <  >. 
Schmitt,  C.  B.  Simpson,  S.  H.  Steels,  W.  11. 
Stout,  W.  A.  C.  Tayler,  J.  R,  Thurlow,  C. 
Toombs,  J.  F.  Walker,  F.  Wells,  and  L.  J. 
Wilmoth. 

15  Associates  and  Students:  Messrs.  G.  F. 
Ayers,  E.  Brennan,  J.  Cronin,  D.  W.  Greig, 
W.  J.  R.  Hunter,  A.  King,  H.  Lomberg,  C.  J. 
McCaffrey,  J.  H.  Xeethling,  N.  N.  Newland, 
A.  F.  Packman,  H.  G.  Roake,  J.  M.  Robinson, 
J.  Sharp,  and  H.  Stadler. 

!)  Visitors,  and  Fred.  Rowland,  Secretary. 

The  minutes  of  the  previous  meeting,  as 
printed  in  the  December  Journal,  were  confirmed. 

M.W    MEMBERS. 

Messrs.  S.  H.  IVaivi1  and  II.  A.  White  were 
appointed  scrutineers,  and  alter  their  scrutiny 
of  the  ballot  papers,  the  Chairman  am 101 meed  thai 
all  the  candidates  for  membership  had  been 
unanimously  elected,  as  follows  : — 

Hopkins,    Thomas,    Mount     Retief    (J.    M.    Ltd., 
Kaapsclie  Hoop.      Mine  Manager. 


Eoven,  Charles   Frederick    van    dee,    Mount 

Retief  G.  M.  Ltd.,  Kaapsche  Boop.     Miner. 
Bowe,   Ben,  Redjang    Lebong    Mine,    Benkoelen, 

Sumatra,  Dutch  East  Indies.     Mining  Engineer. 
Irwin,  Albert  Edward,  Eas-t  Rand  Proprietary 

Mines,  Ltd.,  P.O.  Box  94,  East  Rand.    Cyanider. 
PlASECK,  STANISLAW,  Robinson   Deep  G.    M.    Co., 

Ltd..  P.  O.  Box  1488,  Johannesburg.    Shift  Boss. 
Ross,    Harold,    West  Rand  Consolidated   Mine.. 

Ltd.,     P.    O.    Box     38,    Kiugersdorp.       Mine 

Surveyer. 
Smith,    Gavin     Bildick,     B.Sc.    (Birmingham), 

Stud.Inst.C.E.,F.G.S.,  FerreiraG.  M.  Co.,  Ltd., 

P.  0.  Box  1021,  Johannesburg.     Chief  Surveyor. 

The  Secretary  :  Since  the  last  meeting  of 
the  Society  the  following  have  been  admitted  by 
the  Council : — 

As  Associate. — 

ROAKE,  Henry  George,  Stand  120,  .lack  St.,  Ger- 
miston.     Miner. 

As  Students. — 

Beardwood.,  Joseph  Patrick  (Messrs.  Littlejohn 
&  Whitby's  Laboratory),  Rathmines,  corner  of 
Marshal]  and  Keizer  Streets,  Belgravia,  Johan- 
nesburg.    Analytical  Chemistry  and  Assaying. 

Bruce,  Christopher  Yule,  Simmer  Dee].,'  Ltd*, 
1'.  ().  Box  ITS,  Germiston.     Mining. 

Kenyon,  Edward  Gunner,  Robinson  Deep  (J.  M. 
Co.,  Ltd.,  P.  O.  Box  1488,  Johannesburg. 
Cyanide  Learner. 

General  Business. 
The  Chairman  :  Under  the  head  of  General 
Business  I  may  remark  that  I  represented  you  at 
the  inaugural  meeting  of  the  South  African 
Institute  of  Electrical  Engineers  last  Thursday 
night.  It  was  said  in  the  papers  that  1  made  a 
humorous  speech.  I  think  that  was  rather 
severe  on  me  ;  however,  1  did  not  pat  them  on 
the  back  too  much,  but  on  behalf  of  our  Society 
1  wished  them  well  in  their  work. 

Mr.    A.  F.  Crosse   (Past-President):     .\~    1 

was  present  at  that  meeting,  I  may  say  that  I  was 

\<t\  glad  our  Chairman  was  there,  and  I  believe 
he  thoroughly  expressed  the  views  of  many  ol 
our  members,  because  there  was  ;■  gent  ra)  feeling 
of  amalgamation  in  the  air,  which  1  am  certain 
most    of    us   are    dead    against,  at    least  so  tar  as 

this  Society  is  concerned. 
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THE    LATE    PROF.    HILARY    BAUERMAN. 

The  Chairman  :  I  regret  to  have  to  announce 
that  we  have  lost  by  death,  one  of  our  Honorary 
Members,  Prof.  Hilary  Bauerman,  who  was  a 
distinguished  member  of  the  scientific  world  in 
the  old  country,  and  whose  death  will  be  a  great 
loss  not  only  to  ourselves,  but  to  the  whole  of 
the  metallurgical  and  mining  societies  throughout 
the  world. 

I  am  also  sorry  to  have  to  report  that  our 
Corresponding  Member  in  London,  Mr.  G.  T. 
Holloway,  has  recently  had  a  very  severe  acci- 
dent— I  understand  he  has  broken  his  thigh — 
and  although  you  will  be  glad  to  learn  he  is 
almost  well  again,  still,  as  he  takes  a  great 
personal  interest  in  the  doings  of  our  Society,  die 
least  we  can  do  is  to  ask  the  Secretary  to  write 
and  express  to  him  the  sympathy  of  the  Society, 
and  to  hope  that  he  will  soon  be  quite  recovered 
from  the  effects  of  the  accident. 

TESTS    FOR    CUPELLATION. 

Mr.  H.  A.  White  {Member  of  Council): 
Mixtures  of  various  composition  have  been  pro- 
posed by  members  of  this  Society  for  use  in 
making  tests  for  cupel  ration,  and  in  some  cases 
an  account  has  been  given  of  their  durability 
under  working  conditions.  For  purposes  of 
comparison  I  desire  to  place  on  record  the  per- 
formance of  a  test,  made  with  bone-ash  in  the 
old  fashioned  manner  but  tamped  down  and 
dried  out  very  thoroughly  before  use.  This  test 
was  made  in  September,  1908,  and  was  first 
used  in  January,  1909;  it  was  gradually  heated 
up  for  24  hours  before  putting  in  the  lead 
bullion.  After  finishing  the  cupellation  for 
December,  1909,  the  test  was  no  longer  fit  for 
use,  as  the  sides  were  getting  thin  and  the  last 
hole  was  worn  out.  During  the  life  of  this  test 
1 2  cupellations  were  performed  on  it ;  the  lead 
bullion  weighed  273,000  oz.  and  the  gold 
obtained  was  24,491  fine  ounces.  The  test  was 
made  and  all  the  cupellation  done  by  Mr.  J. 
Berryman  at  the  May  Consolidated  Gold  Mine. 

CORRESPONDING    MEMBERS    OF    COUNCIL. 

The  Chairman  :  I  have  also  to  mention  that 
the  Council  has  elected  as  Corresponding  Members 
of  Council  for  Rhodesia,  two  well  known  gentle- 
men who  were  very  active  members  of  the 
Society  and  of  the  Council  when  resident  in 
Johannesburg,  namely,  Mr.  Clement  Dixon  and 
Mr.  C.  B.  Kingston. 


NOTES  ON  THE  PRECIPITATING  EFFECTS 

OF  SUBSTANCES  CONTAINING 

VARIOUS  FORMS  OF  CARBON  AND 

CELLULOSE   ON   CYANIDE    SOLUTIONS 

CONTAINING  GOLD  AND  SILVER, 


Mr.  Robt.  Allen  {Member)  read  the  following 
paper  : — 


By  A.  J.  Clark  (Associate)  and  W.  J. 
Siiauwood  (Corresponding  Member  of  Council). 

These  notes  contain  the  results  of  a  series  of 
experiments  and  observations  made  by  the 
authors  at  the  Homestake  mine,  Lead,  South 
Dakota,  U.S.A.,  Together  with  other  information 
on  the  subject,  gathered  from  various  sources  ; 
also  a  summary  of  the  literature  bearing  on  char- 
coal precipitation,  as  well  as  a  list  of  patents 
granted  to  date  protecting  the  various  uses  of 
charcoal  as  a  precipitant. 

Experiments  on  the  Relative  Activity  of  sortie 
Precipitant*.  —  Two  sets  of  experiments  were 
made  on  the  precipitating  effect  on  gold  bearing 
solutions  of  various  precipitating  substances,  with 
the  results  tabulated  below  under  Series  A  and 
Series  B.  In  each  experiment  300  c.c.  of  solu- 
tion were  taken.  In  Series  A  5  gm.  of  the  pre- 
cipitant were  added  ;  the  mixture  was  stirred 
vigorously  for  a  moment  and  then  filtered,  with 
further  agitation  each  time  the  funnel  was  refilled 
with  the  liquid.  After  filtration  the  filtrate  was 
passed  through  the  filter  again,  and  thus  exposed 
to  the  sediment  retained  by  the  filter  a  second 
time.  In  Series  B  the  conditions  were  the  same 
as  in  Series  A  except  that  a  larger  quantity  of 
precipitant  (which  was  not  weighed,  but  was  at 
least  20  gm.)  was  taken,  and  there  was  only  a 
single  passage  through  the  filter. 

Percent- 
Original         Assay     age  of 
g  Precipitant,  Assay  of  of  Gold 

'E  Solution.      Filtrate.  Precipi- 

£  tated. 

A  Graphite  (Dixon's  flake)    $2-63    $2'65       0 
Bituminous  coal  (40  mesh)     ,,  2  "45       7'0 

Coke  (40  mesh)     „  2T1     19-6 

Charcoal  (pine,  40  mesh)     „  U92     27"0 

Calcium  carbide  ,,  2-50      5'0 

Zinc  dust  „  -02    99'3 

B  Graphite  2'73        2"73      0 

Coal  „  2T3    22-0 

Repeated  tests  have  shown  similar  results. 
Pure  graphite,  whatever  its  source,  seems  to  be 
entirely  without  effect  on  the  gold  in  cyanide 
solutions,  and  anthracite  coal  nearly  so.  The 
semi-bituminous  or  sub-bituminous  coals  of  the 
Western  United  States  (practically  bituminous 
coals  but  having  the  high  water  content  and 
brownish  tinge  when  powdered,  characteristic  of 
lignites),  have  a  feeble  precipitating  action  ;  well 
burned  coke  is  fairly  effective  and  charcoal  much 
more  so.  Lubricants  containing  graphite  with 
mineral  oil,  intended  for  use   in   rock  drills,  and 
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the  clean  graphite  extracted  from  them,  are 
entirely  without  effect  after  several  hours'  contact 
with  solution. 

Either  a  sufficiently  long  contact  with,  or  a 
slow  percolation  through,  a  relatively  large 
amount  of  bituminous  coal,  removed  as  much,  in 
some  cases,  as  99%  of  the  gold  in  a  cyanide  solu- 
tion, but  the  efficiency  of  the  coal  as  a  precipitant 
fell  off  with  repeated  use,  as  is  the  case  with 
charcoal. 

Experiments  on  the  Effect  of  Wood  Ashes  con- 
taining a  small  prop>ortion  of  Charcoal  on  the 
Cyanide  Extraction  of  Gold  from  Tailings  con- 
taining Pyrites. — These  were  made  in  percolators 
upon  pyritous  tailings,  to  which  various  propor- 
tions of  ashes  were  added  together  with  a  suitable 
amount  of  lime  (about  5  lb.  per  ton),  the  charges 
being  thoroughly  mixed.  The  cyanide  solution 
was  in  actual  contact  with  the  charges  four  days, 
but  the  charges  were  drained  dry  once  during 
their  treatment,  as  well  as  at  the  conclusion. 

The  tailings  assayed  about  $1.75  in  gold  per 
ton,  and  upon  them,  under  normal  conditions, 
without  the  presence  of  wood  ashes,  an  extraction 
of  at  least  from  70  to  75%  would  have  been 
obtained. 

The  results  of  the  experiments  were  as  follows  : 

Percentage  of  Ashes  Percentage  of  Gold 

added  to  Tailings.  extracted  l>y  Cyanide. 


0-17 
0-8 
1-73 
8  0 


52-8 

46-0 

35  8 

35 


At  the  Homestake  cyanide  plants,  when  similar 
ashes  or  charcoal  have  been  inadvertently  intro- 
duced into  the  treatment  vats,  a  very  small  per- 
centage has  been  found  to  lower  the  gold  extrac 
tion  from  between  70  and  75%  to  below  60%. 
As  to  the  origin  of  these  ashes,  in  one  case  it  had 
been  traced  to  an  old  stope,  into  which  they  had 
been  dumped  from  the  surface  some  years  before; 
in  another  case  charcoal  had  been  produced  by 
the  charring  of  the  timbers  in  a  former  mine  lire, 
and  had  become  mixed  with  the  ore  treated. 
Sometimes  charcoal  and  cinders  have  been  intro- 
duced into  the  plants,  by  the  dumping  into  the 
mill  launder  of  ashes  from  a  heating  stove,  as  a 
convenient  means  of  disposal  ;  at  other  times 
accumulations  of  ashes  and  clinker,  produced   by 


the  burning  of  chips  (collected  from  the  mortars), 
had  been  run  through  the  batteries. 

Some  years  ago  heavy  losses  were  reported  in 
the  cyaniding  of  ore  at  an  Australian  mine,  at 
which  crushing  and  amalgamation  were  facilitated 
by  the  device  of  heating  the  ore  by  burning  it 
like  limestone  in  a  furnace  with  alternate  layers 
of  cordwood,  and  quenching  the  heated  ore  with 
water.  A  similar  kiln  treatment  has  been  used 
successfully  at  some  small  California  mines, 
rendering  refractory  ore  containing  pyrite  and 
tellurides  more  amenable  both  to  crushing  and 
amalgamation  in  an  arrastre,  but  it  seems  to  have 
proved  fatal  to  cyaniding  in  the  former  instance, 
probably  owing  to  the  presence  of  charcoal. 
Park  (in  "  The  Cyanide  Process,"  1897  ed.)  states 
that  in  New  Zealand  it  was  found  advisable  to 
hand-pick  charcoal  from  dried  ore  prior  to  crush- 
ing and  cyaniding. 

Several  instances  have  been  reported  where 
"graphitic"  ore  (usually  slate  or  schist)  has 
caused  reprecipitation.  Most  likely  this  is  due 
to  the  fact  that  the  carbon  in  such  carbonaceous 
schists  is  often  far  from  being  completely  con- 
verted into  graphite,  and  may  exist  largely  in  the 
form  of  hydrocarbons,  in  a  condition  similar  to 
that  of  partially  burned  coal  or  wood. 

Precipitating  Effect  of  Chips,  Charcoal,  tic., 
upon  Gold  and  Silver  bearing  Solutions. — Some 
Moating  rubbish,  consisting  of  charcoal  and 
charred  pieces  of  wood,  as  well  as  some  clean 
chips  and  twigs  (which  came  from  a  settling  dam 
and  creek  bed)  and  particles  of  coke  (which  came 
from  the  smoke  stacks  of  the  locomotive  and 
steam  shovel)  was  skimmed  from  the  surface  of 
the  cyanide  solution  in  a  slime  agitator  vat. 

The  solution  contained  approximately  ; 
Gold,  0-023  ay.,  per  ton  (*<U7) 
Silver,  0-28  0Z.  per  ton  ($0.14) 
Potassium  cyanide,  0*025 

The  skimmed  rubbish  was  rinsed  twice  with 
water,  and  dried  at  100"  C.  It  was  then  divided 
into  two  portions,  one  containing  the  charcoal 
and  charred  wood,  and  the  other  the  clean  chips 
and  twigs.  The  two  portions  were  then  weighed, 
-"lie'  (if  each  being  burned  in  clean  roasting 
dishes  in  a  muffle.  The  substances  were  assayed, 
before  and  after  burning,  with  ihe  following 
results  : — 


\l  .r.  rial. 

Proporl  i'>n  of  Total  w  eight 
oi  ( iriginol  Sample. 

<  tunces  per  Ton. 

\  alues  i"  i  Ton. 

Gold. 

Silver. 

Gold. 

Silver. 

Total. 

Coke,  charcoal  and 

1 

chaired  wood  ... 

40% 

2-25 

7-50 

$45.27 

$3.75 

$49.02 

2 

Ash  of  same 

\  (or  25%  of  total  ash) 

18-00 

600 

$365.40 

$30.00 

$395.40 

3 

Clean  chips  and  twigs 

60% 

0-24 

2-70 

$4  87 

$1.35 

$6.22 

4 

Ash  of  same 

{  (or  75%  of  total  ash) 

096 

10-8 

$19.48 

$5.40 

$24.88 
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As  neither  of  the  two  classes  of  material 
carried  more  than  its  own  weight  of  solution, 
when  removed  from  the  vat,  obviously  a  consider-' 
able  precipitation  had  occurred  in  proportion  to 
the  weight  of  the  material,  the  coke,  charcoal, 
etc.,  precipitating  the  gold  contents  of  approxi- 
mately 100  times  their  weight  of  solution,  and 
the  twigs,  etc.,  precipitating  ten  times  their 
weight,  the  corresponding  amounts  for  silver  con- 
tents being  27  and  10  respectively. 

In  reply  to  a  suggestion  by  Mr.  Caldecott  that 
these  chips,  etc.,  might  have  been  partially 
burned  or  charred,  it  may  be  stated  that  they 
were  to  all  appearance  unaltered.  It  is  possible, 
however,  that  some  of  them  had  lain  in  the  dam 
or  creek  for  months,  or  even  for  several  years,  so 
that  actual  decay  may  have  commenced. 

Decaying  Wood. — That  decaying  wood  is  an 
active  precipitant  for  gold  in  cyanide  solution 
was  evident  from  a  series  of  samples  taken  from 
a  residue  dam,  the  sand  discharged  into  which 
contained  appreciable  amounts  of  solution  as  well 
as  traces  of  dissolved  gold,  so  that  the  aeration 
consequent  on  discharging  no  doubt  resulted  in 
the  dissolution  of  a  little  more  gold.  "While  the 
average  assay  value  of  the  sand  was  lower  than 
that  of  the  residues  as  discharged,  the  lower 
strata  were  slightly  higher  in  gold  contents,  as 
might  be  expected  from  the  leaching  that  had 
since  taken  place.  At  two  points,  however,  a 
decided  concentration  of  values  was  noted  ;  one 
of  these  was  found  to  be  in  the  neighbourhood  of 
a  pine  post,  and  another  around  the  decaying 
stump  of  a  tree  that  had  been  killed  by  the 
residues.  Mr.  Caldecott's  suggestion  that  the 
effect  of  the  wood  fibre  itself  is  practically  nil, 
and  that  apparent  precipitation  by  wood  is  due 
merely  to  absorption  of  solution,  is  confirmed  by 
our  next  series  of  determinations. 

Absorjition  of  Gold  and  Silver  by  Cellulose. — 
Several  writers  have  published  experimental 
results*  showing  a  large  decomposition  of  cyanide 
and  also  a  considerable  precipitation  of  precious 
metals,  due  to  contact  with  wood,  canvas,  cocoa- 
nut  matting  and  other  fabrics  used  as  filters — all 
forms  of  cellulose.  Some  of  the  writers,  working 
on  a  laboratory  scale,  had  failed  to  take  into 
account  the  ratio  of  the  surface  of  the  precipitat- 
ing material  they  used  to  the  volume  of  solution 
experimented  upon,  and  did  not  then  compare 
this  ratio  with  that  which  would  have  resulted 
by  working  on  a  large  scale.  Consequently  some 
operators  have  been  misled  with  believing  that 
discrepancies    in    clean-ups   were  attributable  to 

*  A.  Simon,  Min.  ami  Se.  Press,  Dec.  2,  L893,  pp.  67-356. 
F.  L.  Boqui,  Eng.  and  Min.  Join:.  Feb.  26,  1898,  pp.  65-248. 
A.  Forsyth  and  G.  II.  Clevenger,  S.    Dakota  SchooloJ   Vines, 
Bulletin   ':  also  Min.  and  Sc.  1'rexs,  Sci>t. ;»,  ix«"»,  pp.  7!i--_'S5. 
A.  N.  Mackay,  Trans.  Inst.  Min.  and  Met,  1905,  pp.  14-41;  also 

Min.  ami  ,sv.  Press,  June  17.  1905,  pp.  90-387. 
S.  H.  Williams,  Eng.  and  Min.  Jour.,  Sept,  9,  1905,  pp.  S0-435. 


precipitation  by  the  wood  of  tanks  or  filter 
bottoms,  and  therefore  to  hope,  that,  at  some 
future  date,  the  burning  of  the  material  would 
reimburse  them  for  their  supposed  losses. 

As  the  writers  referred  to  differed  considerably 
from  one  another,  either  as  regards  their  opinions 
or  in  experimental  results,  we  give  some  of  our 
results  obtained  by  examination  of  various 
materials  that  had  been  exposed  to  gold  and 
silver  bearing  solutions  for  considerable  periods. 

(1)  Materials  from  a  Sand  Leaching  Tank.  This 
was  nearly  40  ft.  in  diameter,  the  bottom  having 
an  area  o£  1,200  sq.  ft.  It  had  been  in  use  over 
a  year  when  the  first  tests  were  made.  The 
values  given  represent  the  contents  of  the  entire 
material  in  the  tank,  through  which  many  thou- 
sands of  tons  of  solution  had  circulated,  carrying 
up  to  $6  per  ton  in  gold,  and  up  to  $2  silver. 

(a)  Bottom  Filter  Cloth  of  Canvas.- — 8  oz. 
duck,  1,200  sq.  ft.,  in  use  for  8  months.  Entire 
cloth  :  gold,  5  cents  ;  silver,  2  cents. 

(b)  Bottom  Filter  of  Cocoanut  Matting  — 
1,200  sq.  ft.,  in  use  12  months.  Entire  filter  : 
gold,  46  cents ;  silver,  3  cents 

(c)  Wooden  Slats. — These  supported  the  filter 
and  were  of  unpainted  Oregon  pine,  3,8C0  run- 
ning feet  with  a  cross-section  of  2"5  xl'5  inches, 
about  quarter  of  the  material  being  crozed  out  ; 
altogether  about  75  cub.  ft.  In  use  12  months. 
Entire  material:  gold,  $16.60 ;  silver,  $5.90. 
Wood  per  cubic  foot  :  gold,  22  cents  ;  silver, 
8  cents. 

(d)  Fine  Slime. — This  had  accumulated  under 
and  between  the  filters  during  eight  months,  and 
consisted  of  fine  ore  together  with  precipitated 
carbonate  of  lime  ;  altogether  200  dry  pounds. 
Entire  material  :  gold,  20  cents  ;  silver,  4  cents. 

In  the  last  case,  and  probably  in  all,  most,  if 
not  all,  of  the  values  were  contained  in  solution 
absorbed  and  not  necessarily  precipitated. 

(2)  Tank  Staves. — (a)  The  staves  of  a  similar 
large  leaching  tank,  after  use  between  three  and 
four  years  with  sand  averaging  83  gold  and  si 
silver  value  per  ton.  They  were  of  California 
redwood,  originally  painted  inside  with  two  coats 
of  P.  and  B.  paint,  and  outside  with  red  oxide  of 
iron  in  linseed  oil.  A  slight  coating  of  carbonate 
of  lime  had  formed  on  the  inside.  A  large 
sample  from  these  staves,  burned  and  assayed, 
yielded  only  traces  of  gold  and  silver. 

(b)  Similar  Stares  from  a  leaching  tank  in  use 
at  another  plant  for  four  years  contained  40% 
moisture.  The  dried  wood  contained  :  gold, 
47  cents  per  ton  :  silver,  3  cents  per  ton. 

(3)  Precipitating  Box.-  A  precipitating  box 
of  1  A  in.  lumber  was  painted  inside  and  out  with 
P.  and  B.  paint,  and  used  three  years  to  precipi- 
tate low-grade  cyanide  solutions  with  zinc  shav- 
ings, the  sjirnes  averaging  about  $4  to  $5  per  lb. 
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Samples  were  taken  by  boring  completely  through 
the  wood  at  various  points  in  sides  and  bottom, 
and  were  burned  and  assayed.  A  little  zinc 
slime  was  visible  on  the  surface. 

The  average  value  of  the  material,  including  a 
trace  of  adhering  precipitate  was:  Sides,  0.75 
cent  per  sq.  ft.      Bottom,  2  cents  per  sq.  ft. 

"(4)  Mini  Timber. — A  piece  of  blackened  but 
sound  timber  (yellow  pine)  which  had  been  some 
time  underground,  and  contained  ferrous  and 
ferric  sulphates  derived  from  mine  water  was 
tested.  At  the  time  of  the  test  it  contained  56% 
of  water.  Kept  in  contact  with  about  three 
times  its  weight  of  cyanide  solution,  which 
assayed  $1.20  per  ton  gold  value,  no  precipitation 
took  place  in  20  hours.  It  seems  evident  there- 
fore that  wood,  when  well  painted  with  any  suit- 
able protective  medium,  absorbs  little  more  than 
traces  of  precious  metal  from  cyanide  solutions  of 
ordinary  value.*  As  dry  pine  and  redwood 
absorb  about  their  own  weight  of  water,  one 
would  expect  such  wood,  if  dried  after  a  thorough 
soaking  in  solution,  to  assay  the  same  value  per 
ton  as  the  solution  taken  up — evaporation  and 
precipitation  excluded.  Alternate  soaking  and 
drying,  or  evaporation  on  the  outside  of  unpainted 
wooden  launders  or  tanks  in  a  dry  climate,  might 
be  expected  to  result  in  a  distinctly  higher  value 
in  the  wood.  Adhesion  of  rich  telluride  slime  or 
floured  amalgam  may  also  cause  an  increased 
value. 

It  is  difficult,  however,  to  reconcile  with  one 
another  the  results  obtained  by  the  following 
authors,  and  only  those  of  Bosqui  are  at  all  in 
line  with  our  own  experiences.  The  other 
writers  named  worked  entirely  on  a  laboratory 
scale. 

S.  H.  Williams  found  that  an  8  in.  wooden 
launder,  75  ft.  long,  used  seven  months  at  a 
cyanide  plant  in  New  Mexico,  having  passed 
63,000  tons  of  solution,  worth  $3  per  ton, 
contained:  2-7GG  oz.  gold  and  32.646  oz.  silver 
in  15*5  cub.  ft.,  or  018  oz.  gold  and  2*1  oz.  silver, 
per  cub.  ft.,  or  a  total  value  of  about  $4.65  per 
cub.  ft.  An  apparent  typographical  error  in  the 
original  article  makes  the  value  $60.45  per 
cub.  ft. 

A.  N.  Mackay  states  that  red  pine,  from  a 
tank  used  18  months,  in  which  had  been  treated 
only  1,200  tons  of  ore  containing  20  dwt.  gold 
per  ton,  yielded   12.1  OZ.  gold  per  ton  of  wood. 

I\  L.  Bosqui  experimented  with  pine  and  red 
wood,  dressed  and  rough,  both  with  intermittent 


When  launders  of  unpainted  \\ I  are  used  in  the  Plattner 

chlorination  process  thej  absorb  gold  enough  t"  make  il  worth 
while  to  burn  them  to  recover  ii.    Tin-  same  i-.  true  "t  canvas 

used  fore lentration  in  mills  whirr  floured  amalgam  es    ip< 

tin-  plates,  or  where  the  tailings  contain  lint-  gold  or  rich  tellu- 
rides.  Absorption  of  silver  similarly  takes  place  in  hyposulphite 
leaching.  This  i-  preventable  l>.\  Boaking  the  l&unders,  etc.,  in 
hut  paraffin  or  painting  with  asphaltum, 


exposure  and  drying,  and  with  continuous  immer- 
sion, for  periods  up  to  12  months,  using  solution 
which  averaged  *">  gold  per  tun  and  more  or  less 
silver.  The  highest  absorption  was  with  rough 
I 'in'',  exposed  altogether  about  12  months,  this 
assaying  $5.18  gold  and  14  cents  silver  per  ton 
of  wood. 

On  the  whole,  it  seems  probable  that  the  pre- 
cipitative  effect  of  charcoal  may  be  occluded 
gases,  but  definite  proof  is  lacking.  S.  Brussow, 
in  a  recent  article,  attributed  the  precipitation  of 
gold  from  haloid  salts  by  charcoal  to  adsorption. 
This  seems  most  unlikely,  as  he  admits  that  the 
chlorine  of  gold  chloride  remained  "almost 
entirely"  in  the  solution;  and  we  have  found 
that  charcoal,  which  has  been  in  contact  with 
solutions  of  either  chloride  or  double  cyanide  of 
gold,  is  thoroughly  impregnated  with  metallic 
gold,  easily  distinguishable  with  a  good  lens  or 
low-power  microscope. 

Literature  Relating  to  Charcoal  as  a  Pr,><-i/>i- 
fmif. — 

Gaze  :  "  Handbook  of  Cyaniding,"  p.  121,  et  seq. 

NT.  D.  Power:  Australian  Mining  Standard, 
Oct.  14,  1897,  p.  2305. 

H.  Watson  :  Australian  Mining  Standard,  June 
22,  1899. 

W.  B.  Gray:  Trans.  Australian  Institute  of 
Mining  Engineers,  5,  p.  138 ;  Mining 
Industry,  7,  p.  327. 

W.  D.  Johnston  :  Bulletin  ">,  California  St<ite 
Mineralogist  (Schneidel),  p.  133. 

G.  I.  Lowles  :    Trans.   Instil, it,    ,,t'  Minimi  and 
Metallurgy,  7,  p.   190;  Minimi  and  Scien 
tific  Press,   July   29,    1899,    7!».    122:  and 
Sept.  2G,   1905;  Proc.   Chemical,   Metallur- 
gical "n't  Minim/  Society,  2,  p.  897. 

B.  B.  Lamb:  Pacific  Coast  Miner,  -Inly  25, 
L903,  8,  p.  G2.' 

Anon.:  Mining  <iml  Sci,  uti/ir  /'/rss,  Nov.  4, 
1899,  79,  p.  517  :  Oct.  1,  L899,  7!»,  p.  t58j 
Feb.  2,  L901,  82,  p.  71  ;  Sept,  21,  L902, 
89,  p.  204. 

S.  B.  Christy  :  Trans.  A.I.M.K..  pp.  26  748. 

S.  Brussow:  Zeit.  Chem.  In,!..  Colloide,  1909, 
p.  5-137;  see  Journal  <*''  th<  Chemical 
Industry,  Oct.  15,  L909,  p.  28  1040. 

\V.  A.  Caldecott :  Journal  of  Tin  Chemical, 
Metallurgical  and  Minimi  Society  of  South 
Africa,  Vol.  IX.,  April,  1  !»<>'.»,  p.  327. 

Patents    Relating    to    Charcoal   Precipitation 

(  'I'll  III  A. 

W.  M.  Davis(U.S.P.  227,976,    1880).     The  use 

"l  granulated  carbon  of  any  kind  as  a  preci- 
pitant for  gold  in  aqueous  solution-  gener 
ally  (presumably  referring  to  halogen  salts). 
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Dr.  W.  G.  Johnston  of  San  Francisco  (TX.S.P. 
522,260,  1894).  A  scries  of  filters  contain- 
ing charcoal.*  Aitken,  of  New  Zealand, 
applied  for  a  patent  about  same  time, 
1893. 

H.  B.  K.  Davis  (U.S.P.  546,113).  Diffused 
hydrogen  through  a  solution  and  then  passed 
it  over  charcoal  filter. 

J.  C.  Montgomerie  (U.S.P.  580,948).  Use  of 
charcoal,  to  be  regenerated  by  heat." 

J.  C.  Montgomerie  (Brit.  Pat.  29,721  of  1897), 
and  E.  J.  Fraser  (U.S.P.  543,540).  Filters 
of  alternate  layers  or  beds  of  charcoal  And 
zinc,  evidently  to  form  a  galvanic  couple. 
(The  latter's  system  was  used  for  some  time 
at  one  mine  in  California). 

G.  O.  Pearce  (U.S.P.  556,690).  Charcoal  satu- 
rated with  ferrous  sulphate,  or  oxalic  or 
tartaric  acid. 

M.  Crawford  (Brit.  Pat.  13,537  of  1895).  Char- 
coal with  sulphate  of  iron  or  of  aluminium. 
A  similar  German  patent  (87,005)  was 
issued. 

C.  H.  Gage  (U.S.P.  719,207).  Bed  of  charcoal 
containing  sulphate  of  iron,  "  subjected  to 
an  electric  current." 

S.  B.  Christy  (U.S.P.  883,170).  Pervious  elec- 
trode of  powdered  charcoal,  or  carbonised 
wood  in  the  form  of  excelsior,  etc.,  to  be 
used  in  frames  as  a  series  of  intermediate 
electrodes — one  side  forming  anode  and  the 
other  cathode — between  the  principal  elec- 
trodes. 

Hay  and  Tennent  (French  Pat.  399,877,  1909). 
Heating  wood  charcoal  in  a  current  of  steam 
in  a  muffle,  claiming  to  produce  hydrogen 
carbonyl  in  the  charcoal,  making  it  20  times 
more  efficient. 

The  Chairman  :  We  must  thank  Messrs. 
Clark  and  Sharwood  for  submitting  this  most 
interesting  paper.  When  a  corresponding 
member  of  our  Society  sees  fit  to  write,  in  con- 
junction with  one  of  our  Associates  abroad,  such 
a  valuable  paper  and  send  it  all  the  way  from 
the  United  States  here  I  think  he  most  heartily 
deserves  our  thanks.  It  is  a  good  example, 
which  might  be  more  readily  followed  by  the 
members  of  our  Society  who  are  resident  in  South 
Africa,  and  who,  I  hope,  will  try  to  emulate  them 
by  giving  us  equally  interesting  and  valuable 
papers  on  present  day  practice  on  the  Rand,  and 
other  centres. 

*  Johnston  claims  that  one  filter  extracts  2:<  of  the  gold  from 
a  cyanide  solution  (see  Christy,  Trans.  A.I.M.K.,  pp.  26-748); 
W.  B.  Graj  states  that  in  Victoria  five  filters,  in  series,  each 
with  560  lb.  charcoal  will  precipitate  respectively  from  solution 
flowing  at  1  ton  per  hour,  45%,  25    .  L5    .  9  ,  and."'   . 


Mr.  Jas.  E.  Thomas  (Member  of  Council) : 
I  beer  to  second  the  vote  of  thanks  to  the  authors 
of  the  [taper,  and  I  should  like  to  mention  that 
in  1905,  when  we  were  taking  down  the  wooden 
vats  on  the  Simmer  and  Jack  Proprietary  Mines, 
Ltd.,  and  replacing  them  with  steel  vats,  one  of 
them  was  reduced  to  ashes.  It  was  built  of 
Oregon  pine.  There  was  about  a  ton  of  ashes,  and 
it  contained  about  5  oz.  to  the  ton.  I  think  that 
confirms  the  statements  in  the  paper. 


THE   CONTINUOUS    COLLECTION   OF 
SAND    FOR   CYANIDING. 


(Read  at  August  Meeting,  1909.) 


By     W.     A.     Caldecott,     M.Inst,  M.M.     (Past- 
President). 


REPLY    TO    DISCUSSION. 

Mr.  W.  A.  Caldecott  (Past-President)  :     In 

replying  to  the  discussion  upon  my  paper  1 
desire  in  the  first  instance  to  acknowledge  the 
appreciative  remarks  of  our  Past- Presidents,  Mr. 
J.  11.  Williams  and  Prof.  Yates,  upon  the  sand 
filter  tables  at  the  Simmer  Deep,  after  they  had 
seen  them  in  operation. 

In  regard  to  Mr.  H.  A.  White's  comments,  I  am 
afraid  that  some  confusion  has  arisen  between  the 
Simmer  Deep-Jupiter  sand  plant  handling  up  to 
1,600  tons  of  sand  daily,  and  the  ideal  sand 
plant  dealing  with  double  that  tonnage  of  sard. 
The  use  of  26  vats  in  place  of  48  refers  to  the 
former  plant,  whilst  the  estimated  costs  given  in 
the  paper  of  erection  on  the  ordinary  and  con- 
tinuous sand  collecting  system  refer  to  the  latter. 
Only  a  summarised  estimate  was  quoted  in  the 
latter  case,  without  occupying  the  Journal  space 
with  columns  of  details,  because  any  company 
contemplating  the  use  of  sand  filter  tables  would 
obviously  make  its  own  estimates  of  costs,  and 
it  was  unlikely  that  the  conditions  of  the  case 
cited  would  correspond. 

As  regards  the  East  Rand  plants  to  which  Mr. 
White  refers,  it  may  be  pointed  out  that  whilst 
the  use  of  sand  filter  tables  in  such  cases  affords  a 
much  improved  sand  product  and  greatly  increases 
the  treatment  capacity,  yet  the  diagrams  Ila.  and 
lib.,  given  in  the  paper,  clearly  show  that  a  single 
treatment  of  sand  completed  in  the  vat  wherein 
it  is  collected  is  longer  by  three  days  than  by  the 
transfer  system,  preferably  from  an  upper  to  a 
lower  vat  (see  Fig.  V.) 

The  cost  of  operation  of  the  sand  filter  tables  at 
the  Simmer  Deep-Jupiter  plant  is  about  a  penny 
per  ton  of  ore  milled,  but  as  against  this  may  be 
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set  in  a  plant  designed  for  this  system,  as  shown 
in  Figs.  V.  and  VI.,  (a),  say,  8  more  slime  at 
(Id.  per  ton  less  cost  of  treatment,  (h)  an  increased 
sand  extraction  (sec  p.  17),  and  (<•)  elimination  of 
cost  of  licit  or  truck  transfer.  At  a  very  conser 
vative  estimate  the  foregoing  savings  are  more 
than  ample  to  cover  the  Id.  a  ton  involved,  and 
hence  the  large  saving  in  capital  expenditure  is 
not  attended  by  any  increase  in  total  working 
costs  but  the  reverse.  Since  the  paper  was 
written  it  has  been  found  possible  at  the  Simmer 
Deep  to  gravitate  the  solution  overflowing  the 
sand  collectors  direct  Lack  to  the  launder  beside 
the  table,  except  when  the  pulp  has  been  recently 
turned  into  a  collector,  and  by  this  means  capital 
expenditure  is  still  further  reduced,  as  only  one 
solution  storage  is  needed  in  place  of  the  two 
shown  in  Fig.  VI.  in  the  paper. 

As  regards  the  moisture  in  the  collected  sand 
Mr.  White  is  in  error  in  calculating  the  percent- 
age on  the  total  ore  instead  of  the  sand  only,  but 
in  any  case  it  must  be  remembered  that  in  the  Sim- 
mer Deep  installation  there  is  at  present  no  spare 
table,  so  that  the  sand  beds  between  the  ploughs 
and  filter-cloths  are  not  changed  as  often  as 
would  otherwise  be  the  case  ;  hence  the  moisture 
percentages  as  low  as  12%.  which  the  tables  are 
capable  of  yielding  in  practice  have  not  hitherto 
been  regularly  attained,  and  the  figures  quoted 
in  the  paper  represented  the  actual  results  under 
existing  conditions. 

Our  President  has  quoted  figures  showing  satis- 
factory dissolution  of  gold  in  the  slime  plant  in 
spite  of  the  -  200  mesh  sand  contained  in  the 
slime. 

Mr.   C.  O.   Schmitt's   contribution,  confirming 

various    statements    made    in    the  paper,  calls  for 

little  further  comment.     The  following  gradings 

of  Simmer  Deep  sand  collected  on  the  filter  tables 

and    Knights   Deep  sand   collected   by  the  usual 

method  of  hose-filling  show  that  only  two-thirds 

as  much    -  200  mesh  product  is  contained  in  the 

former  sand  as  compared  with  the  latter. 

Me  besper    Simmer  Deep-Jupiter    Knights  Deep 
Linear  inch.        (Filter  Tables).  (Hose-filled). 


+  60 

145% 

13-5 

(in  f-90 

281 

321 

-90+  L25 

17  0 

lo-l 

1  25  I-  200 

27-1 

17  5 

-200 

L3-3 

20-5 

1000  1000 

It  may  lie  added  that  finer  crushing,  owing  to 
tic  recenl  addition  of  two  tube  mills  to  the  Simmer 
Deep-Jupiter  joint  crushing  plant,  has  resulted  in 
the  percentage  of  slime  now  collected  being 
raised  to  1  1  ,  whilst  ■  better  settlement  of  slime 
in   the  collectors,  owing  to  the  presence  of   -  200 


mesh  sand,  has  caused  the  percentage  of  mois- 
ture in  the  collected  charge  to  be  reduced  to 
l2-o    . 

Both     Mr.     W.    R.     Dowling    and    Mr.    C.    I  >. 

Schniitt  have  laid  stress  upon  the  use  of  the 
diaphragm  in  cone  classifiers,  and  the  latter 
has  asked  for  further  information  thereon. 
There  is  no  doubt  that  this  device  has  largely 
contributed  to  the  success  of  the  continuous  sand 
collecting  system  for  the  reasons  stated  by  the 
former  gentleman.  It  is  difficult  to  say  much 
more  in  description  of  so  simple  an  appliance  as 
a  disc  of  wood  than  has  already  appeared  in  the 
columns  of  our  Jejunal,  but  the  writer  anticipates 
that  the  advantages  it  possesses  in  its  various 
applications  will  in  time  become  generally  realised 
for  the  reason  that  the  extent  of  adoption  of  any 
metallurgical  device  ultimately  depends  upon  its 
intrinsic  merit. 

Diaphragms  are  now  in  regular  and  satisfactory 
use  in  Mexico  in  a  dozen  tube  mill  cones  for 
classifying  and  dewatering.  With  Simmer  and 
Jack  current  ore  slime  pulp  it  has  yielded  a 
steady  underflow,  containing  39%  moisture  in  a 
cone  20  ft.  in  diameter.  All  the  former  numerous 
pyramidal  and  conical  classifiers  with  launders 
and  dewatering  cones  at  the  Simmer  and  Jack 
and  Simmer  Deep-Jupiter  joint  plants  have  lately 
been  replaced  by  a  single  9  ft.  x  6  ft.  cone  for 
each  tube  mill  with  an  8  in.  diaphragm  supported 
by  a  cross  with  13  in.  arms,  whilst  the  classifica- 
tion at  the  Simmer  East  plant  is  likewise  now 
carried  out  by  cones  fitted  with  diaphragms.  It 
is  to  be  hoped  that  Mr.  G.  O.  Smart  will  shortly 
give  us  details  of  the  results  of  the  Simmer  and 
Jack  installation.  The  use  of  diaphragms  in 
conical  bottomed  dissolving  vats  (10  ft.  diameter 
by  18  ft.  deep)  for  agitating  battery  or  ordinary 
sand  by  centrifugal  pump  or  air-lift  has  enabled 
charges  up  to  36  tons  to  be  readily  treated,  or 
rather  more  than  double  the  usual  capacity  of  the 
ordinary  Brown  vat  of  such  dimensions.  Beyond 
its  use  for  the  above  purposes,  it  is  not  unlikely 
that  its  application  may  be  extended  in  various 
countries  to  classifying  and  dewateiing  the  pulp 
from  various  base  metal  ores,  such  as  copper,  tin, 
zinc  and  lead,  prior  to  concentration  or  regrind- 
ing  or  elevating.  In  addition,  its  use  is  possible 
in  classifiers  generally  where  water  is  scarce,  to 
permit  a  thick  tailing  underflow  to  run  to 
waste,  whilst  returning  a  clear  overflow  for 
re  use. 

The  Chairman  :  On  your  behalf  1  will  thank 
Mr.  Caldecott  for  his  reply.  The  only  fault  about 
it  is  that  it  is  just  as  good  as  the  original 
piper,  and  it  should  be  open  for  further  dis- 
cussion. 
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A  METHOD  FOE  THE  RECOVERY  OF 
ZINC  FROM  SOLUTIONS  OF  SULPHATE. 


(Read  at  Septt  mber  Meeting,   1909.) 

By    Wm.    Cullen    (Past-President)    and    (i.    F. 
Ayers  (Associate). 

REPLY    TO    DISCUSSION. 

Mr.  G.  F.  Ayers  (Associate):  We  are  glad 
that  this  short  paper  has  been  criticised,  though 
we  should  have  liked  to  have  had  more  of  it,  for 
there  are  certain  points  upon  which  we  ourselves 
were  anxious  to  have  more  information.        \ 

To  Prof.  Stanley  and  Mr.  Meyer  we  are 
indebted  for  their  analysis  of  the  economic 
aspect,  and  our  reply  will  practically  be  directed 
to  these  remarks. 

There  is  no  doubt  a  large  amount  of  recover- 
able zinc  goes  down  the  gutter  at  every  clean-up. 
That  is  the  one  incontrovertible  fact,  and  we  see 
no  reason,  after  having  again  gone  into  our 
figures,  for  amending  our  original  estimates  of 
this  amount  ;  indeed  the  closer  we  look  into  them 
the  more  convinced  are  we  that  our  own  estimate 
is  fairly  correct.  True,  it  is  only  an  estimate, 
and  we  fully  expected  that  definite  figures  on  this 
essential  point  would  have  been  forthcoming. 
Might  we  suggest  to  cyanide  managers  that  this 
is  a  point  which  is  well  worth  looking  into,  and 
one  which  could  easily  be  settled  notwithstanding 
the  "hurry  scurry"  of  the  clean-up. 

Both  Prof.  Stanley  and  Mr.  Meyer  think  that 
our  estimate  of  recoverable  zinc  is  too  high,  but 
Prof.  Stanley's  argument  is  based  on  hypothetical 
percentage  of  gold  present  in  the  slime,  which  we 
are  not  prepared  to  accept,  while  Mr.  Meyer 
offers  no  figures  nor  other  basis  of  calculation,  to 
substantiate  his  reason. 

Prof.  Stanley,  in  the  course  of  his  remarks, 
says  : — "  It  is  questionable  whether  any  but  the 
largest  producers  would  consider  it  worth  while 
to  precipitate  their  zinc-bearing  waste  solutions, 
since,  over  70  producing  mines,  the  recoverable 
zinc  will  only  average  about  2  tons  per  mine." 
Now  although  there  is  a  certain  amount  of  truth 
in  this  contention  it  would  also  apply  "  pari 
passu  "  to  his  own  proposal  to  precipitate  electro- 
lytically.  However,  it  is  perfectly  obvious  that, 
quite  apart  from  any  particular  process,  the 
absolute  saving  on  a  large  mine  would  be  greater 
than  on  a  small  one,  but  there  is  nothing  to  pre- 
vent a  number  of  the  small  mines  (or  for  that 
matter  the  whole  of  the  mines)  combining  and 
carrying  out  the  recovery  at  one  centre,  in  the 
same  way  as  is  now  done  with  bye-products  of 
other  classes.  The  carriage  in  tank  wagons  is 
wonderfully  cheap  and  we  could  easily  devise  a 
plant,  for  the   handling   of  the  solutions,  which 


would  cost  next  to  nothing.     The  objection  that 
the    solutions    are    acid    could    be    obviated    by 
neutralising  the  acid  with  magnesite  before  it  is 
transferred  to  the  wagons.      We  do  not  think  any 
central    precipitating   plant  is  at  all  necessary  as 
most  of  the  mines  have  old  tanks  of  one  kind  or 
another  and  the  precipitate  could  have  a  whole 
month  (or   more,  if  solutions  were  accumulated) 
for  treatment.     The  process  is  so  simple  that  any 
unskilled    person    could    carry    it    out    after  the 
necessary  assays  were  done.     We  are  noc  certain 
that  all  the  precipitated  zinc  could   be   absorbed 
locally   for    paint,   but  a   large   proportion  of   it 
undoubtedly  could   be,  as   the  importations   are 
very  heavy  and  the  price  is  very  high. 

However,  accepting  Prof.  Stanley's  figures  for 
the  moment,  we  arrive  at  the  following  : — "  Sav- 
ing per  mine,  if  the  precipitate  be  smelted  locally, 
on  the  basis  of  2  tons  recoverable  zinc  per  mine": 
1*54  tons  of  magnesite  at  £7  per  ton 

required  to  precipitate  2  tons  zinc  £10   15     0 
Precipitating,  handling,   etc.,  of  34 
tons  precipitate  (58%  Zn)  at  £1 
per  ton  ...  ...  ...        380 

Smelting  locally  of  3-4  tons  precipi- 
tate at  £3  per  ton       ...  ...     10     4     0 


£24 


0 


an    85%  recovery  on 
in    3"4    tons    precipitate 


Reckoning  on 
58%  Zn 

1  "67  metallic  zinc  would  be  pro- 
duced local  value  £31  per  ton    ... 

Saving  per  mine  per  month 

Saving  per  mine  per  annum 


Saving  per  70  mines  per  annum      23,000 


£51    14     0 

27     7     0 

328     4     0 

0 

This  saving  is  hardly  a  negligible  quantity.  If 
it  were  found  feasible  to  recover  the  zinc  locally, 
the  powers  that  be  might  go  one  step  further  and 
treat  the  very  excellent  zinc  blende  found  in  this 
country.  The  Dynamite  Co.  might  even  go  as 
far  as  utilising  the  sulphur  contained  therein,  a 
perfectly  feasible  scheme,  which  would  go  a  long 
way  towards  the  cheapening  of  the  process  of 
zinc  recovery  and  zinc  supply  in  this  country. 

We  have  already  referred  to  Prof.  Stanley's 
suggestion  to  recover  the  zinc  electrol^tieally. 
Some  years  ago  we  went  into  the  matter  very 
fully  but  dismissed  the  idea.  No  doubt  cheaper 
power  now  obtainable  has  altered  the  conditions 
somewhat,  and  we  are  again  taking  up  the  matter 
— we  are,  however,  sceptical  about  a  satisfactory 
solution  being  found  in  this  direction. 

Mr.  Meyer  has  sorted  up  the  various  sources 
of  loss  correctly,  and  applied  headings  of 
"  chemical  "  and  "  mechanical  "  incorrectly.  His 
mechanical  loss  (caused  by  dissolving  the  zinc 
out  by  acid)  is  evidently  a  chemical  one,  while 
his  chemical  loss  (caused  by  imperfect  washing  of 
the  filter  press)  is  purely  a  mechanical  one.     His 
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conclusion  that  we  can  only  recover  one-third  of 
the  original  quantity  of  zinc  used,  is  practically 
the  starting  point  of  our  experiments  and  calcu- 
lations. 

The  Chairman  :     Mr.  Ayers  is  to  be  congra- 
tulated on  his  further  interesting  remarks. 


ANALYSES  OF    GASES    FROM  BURNING 
NITROGLYCERINE  EXPLOS1YES. 


(Read  at  September  Meeting,   1909.) 

By    W.    Cullen    (Past-President)    and    ]>.   W. 
Greig  (Associate). 

REPLY    TO   DISCUSSION. 

Mr  D.  W.  Greig  (Associate)  :  The  discussion 
on  this  paper  has  been  practically  nil.  AVe 
desire  to  thank  Dr.  Moir  for  his  kindly  remarks. 
Dr.  Moir  is  such  a  severe  critic  of  analytical 
methods  that  for  our  method  to  be  uncommented 
upon  by  him  is  cause  for  congratulation  to  us. 

When  commencing  these  experiments,  we  had 
the  nitron  precipitation  method,  of  which  Dr. 
Moir  speaks,  in  mind  ;  but  having  no  nitron  in 
stock  were  obliged  to  abandon  it.  We  will  bear 
in  mind  the  work  which  Dr.  Moir  has  suggested, 
1  ut  we  can  only  repeat  what  one  of  us  has  said 
before;  there  is  a  great  deal  more  work  to  lie 
done  on  this  subject,  before  anything  approaching 
completeness  can  be  claimed. 

\Y "e  would  like  to  correct  a  misconception 
which  seems  to  have  arisen,  owing  to  seme 
remarks  by  Dr.  Macaulay. 

Our  experiments  were  exclusively  burning 
tests.  By  figures  which  we  have  previously 
placed  before  this  Society,  we  have  proved  that 
the  detonation,  or  normal  use  of  antifume  gela- 
tine, produces  gases  which  are  at  least  ten  times 
s-afer  than  those  from  ordinary  blasting  gelatine. 

We  felt  that  it  was  necessary  to  clear  up  this 
point,  as  the  local  press  at  any  rate,  has  succeeded 
in  confounding  the  two  issues. 


THE  DEVELOPMENT  OF  HEAVY  GBAVI- 
TATION  STAMPS. 


(Reprinted  in  this  Journal,  September,  1909, 
from  ili'  Hull,  tin  qf  ili'  Institution  of 
Mining  and  Metallurgy,  August  12,  1909.) 

By    W.    A.    CALDECOTT   (Member). 

DISCUSSION 

Mr.  S.   H.   Pearce  (Past  President)  :     I  shall 
commence  with  an  apology  to  Mr.  Caldecott  for 

not  having  had  sufficient  time   at    my  disposal    to 

adequately  do  justice  to  the  classic  [taper  he  has 
given    us.     I   should  like   to   say   a   great    deal 


about  this  paper,  but  I  am  afraid  1  shall  have  to 
content  myself  this  evening  by  merely  stating 
that  our  appreciation  of  the  pioneer  work  he  has 
done  with  regard  to  heavy  gravitation  stamps 
has  been  shown  on  these  fields  by  their  general 
adoption. 

As  one  of  the  signatories  to  the  report  on  stan- 
dardisationof  battery  screens,  issued  by  thisS<  xiety 
in  June,  1906,  I  have  been  asked  to  reply  to  Mr. 
H.  F.  Marriott's  remarks  in  discussing  this  paper 
before  the  Institution  of  Mining  and  Metallurgy* 
wherein  he  deprecates  the  want  of  recognition  of 
the  value  of  the  standards  brought  out  by  that 
Institution  by  members  of  this  Society.  In  this 
I  am  assuming  that  Mr.  Marriott  is  voicing  the 
opinion  held  by  that  Institution  as  a  whole,  and 
I  hoped  to  take  advantage  of  Mr.  McDermott's 
presence  here  this  evening  to  correct  the  erroneous 
impression  that  appears  to  be  held  in  regard  to 
the  matter.  A  reference  to  th<i  report  issued  by 
this  Society  will  show  that  "  the  Committee  feel 
it  undesirable  to  specify  certain  screens  as  Rand 
standards,  but  prefers  to  recommend  a  system  of 
screen  description,  etc."f  This  report  had  for 
its  object  the  enlightenment  of  mill  men  as  to 
the  difference  that  existed  in  the  relationship  of 
diameter  of  wire  to  number  of  apertures  and  its 
effect  on  discharge  area.  It  gave  tables  enabling 
them  to  select  screens  suitable  for  the  work 
required  under  various  circumstances.  For  this 
purpose  it  was  found  convenient  to  classify  them 
under  the  headings  of  aperture  measurement, 
rather  than  the  number  of  holes  per  inch  as 
adopted  in  the  makers'  catalogues.  I  certainly 
consider  this  a  rational  method,  the  advantages 
of  which  have  been  demonstrated  in  our  later 
researches  into  grading  analysis  of  battery  pulps. 
On  the  other  hand,  the  1..M..M.  standard  was 
compiled  for  the  purpose  of  enabling  comparison 
of  grading  analyses  to  be  made  all  over  the  world 
—irrespective  of  the  class  of  machine  that  may 
have  been  employed  to  crush  the  ore,  or  the  kind 
or  size  of  screen  that  was  used  to  regulate  the 
output  of  that  machine — in  other  words,  to 
enable  a  comparative'  value  of  the  flushing  effect 
obtained  to  be  measured.  Incidentally  I  might 
mention  that  this  is  also  based  upon  aperture 
measurements  expressed  in  different  terms.  To 
further  illustrate  the  difference  between  these 
standards,  1  would  not  for  one  moment  suppose 
that  Mr.  .Marriott  v\  \-  intended  to  advise  us  to 
crush  rock  through  a  battery  screen  of  four  holes 
per  square  inch  with  a  wire  [  in.  thick,  simply 
because  that  happened  to  be  their  standard  unit. 
Nor  on  the  other  hand  would  we  desire  to  depart 
to  an)  extent  from  the  standards  ihej  have  laid 
down,  and   which    we   have  gladly  accepted,  foi 

this  Journal,  VoL  v,  Dec,  1909,  pp.  218-9. 
t  See  this  Journal,  voL  vi.,  June,  1906,  pp 
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the  grading  of  crushed  pulp.  It  will,  therefore, 
probably  be  of  interest  to  state^  that  not  only  has 
this  Society  adopted  the  I.M.M.  standard,  but 
also  that  the  Mines  Trials  Committee  in  their 
investigations  into  tube  mill  efficiency  have  used 
all  the  available  I.M.M.  standard  screens  for  their 
grading  analyses,  and  have  gone  to  no  little 
trouble  to  obtain  the  corresponding  finer  meshes 
down  to  200  by  careful  micrometer  measurements 
of  that  already  on  the  market.  This  was  done 
with  the  idea  of  obtaining  as  accurately  as 
possible  the  average  grading  of  the  finer  portions, 
so  that  the  energy  used  in  grinding  beyond  the 
requirements  of  extraction  might  be  determined. 
I  hope  some  day  that  permission  will  be  obtained 
to  submit  the  results  of  these  investigations  to 
this  Society,  because  it  has  apparently  been 
demonstrated  that  a  comparison  of  ground 
material  can  be  made  by  averaging  the  grading 
analyses  and  expressing  its  fineness  as  a  single 
number,  instead  of,  as  at  present,  comparing  a 
confusing  array  of  percentages  through  the 
different  meshes  usually  given. 

Mr.  C.  0.  Schmitt  (Member):  With  the  permis- 
sion of  the  Council  of  this  Society  the  writer 
would  like  to  make  a  few  remarks  on  Mr. 
Caldecott's  excellent  paper,  dealing  with  the 
important  subject  of  stamp  mills. 

The  author  provides  a  wealth  of  information 
not  only  in  his  remarks  but  also  by  frequent 
references  to  work  previously  done,  enabling  the 
reader  to  follow  him  into  details,  and  thus  does 
justice  to  those  workers  in  the  same  field  who 
published  the  result  of  their  labour.  It  is  indeed 
pleasing  to  see  a  writer  pay  so  much  attention  to 
the  literature  on  the  subject  dealt  with,  and  to 
freely  acknowledge  work  done  by  others.  To  do 
so  involves  a  great  deal  of  work,  but  as  it  is  a 
great  aid  to  the  reader,  and  since  it  breathes  the 
true  spirit  of  unbiassed  technical  writing  it  must 
be  welcomed. 

Apparently,  the  author  did  not  wish  to  enter 
into  details  of  construction,  this  being  more  with- 
in the  province  of  the  mechanical  engineer,  and 
the  writer  will,  therefore,  endeavour  to  supply  a 
few  details  which,  it  is  hoped,  will  help  to  a 
better  understanding  of  the  changes  involved  by 
the  introduction  of  the  heavy  type  of  stamp 
battery. 

The  question  of  obtaining  the  maximum  capa- 
city from  stamp  batteries  already  erected  and 
that  of  reducing  the  cost  of  plants  contemplated 
is  naturally  of  the  greatest  importance  to  mining 
communities  such  as  exist  on  the  Witwatersrand 
and  in  other  parts  of  the  world.  The  money 
invested  in  stamp  mills  on  the  Hand  alone,  not 
considering  what  is  commonly  called  the  cyanide 
plant,  probably  exceeds  £4,000,000,  and  whilst 


some  of  the  money  may  have  been  recklessly 
spent,  the  greater  portion  has  been  used  to  the 
best  advantage,  considering  the  knowledge  of  the 
engineers  and  metallurgists  at  the  time.  Approxi- 
mately 9,000  stamps  are  now  in  operation  on  the 
Hand,  and  it  is  estimated  that  the  erection  of  a 
further  6,000  stamps  is  contemplated.  The 
amount  involved  for  these  stamps  or  their  equi- 
valent in  other  crushing  and  grinding  machines 
is  probably  £1,800,000,  so  that  a  saving  of  30%, 
as  hinted  at  by  the  author,  although  he  does  not 
give  this  figure,  represents  the  respectable  sum  of 
£540,000.  It  is  obviously  necessary  for  all  those 
considering  the  erection  of  new  plants  to  decide 
how  best  to  obtain  this  saving,  and  at  the  same 
time  increase  the  efficiency  from  other  points  of 
view. 

The  saving  that  can  be  effected  in  new  plants 
is,  however,  not  the  only  one  inasmuch  as  in 
many  cases  where  the  scale  of  operation  of  exist- 
ing plants  is  to  be  increased,  it  must  be  deter- 
mined whether  the  object  in  view  can  be  more 
advantageously  obtained  by  increasing  the  weight 
of  the  existing  stamps  than  by  adding  more 
stamps  of  the  same  or  greater  weight.  It  has 
been  found  on  the  Hand  that  batteries,  after 
having  been  in  use  for  from  (i  t<>  12  years,  require 
a  considerable  amount  of  overhauling.  In  the 
writer's  opinion  this  is  the  time  when  considera- 
tion should  also  be  given  to  the  possible  future 
increase  of  the  tonnage  to  be  handled,  so  that 
provision  can  be  made  for  meeting  such  future 
demand  in  the  most  efficient  way.  In  a  case  of 
this  nature  it  will  probably  be  found  that  a  very 
small  amount  of  extra  expenditure  beyond  that 
contemplated  will  permit  of  using  heavier  stamps 
when  necessary.  For  the  purpose  of  illustrating 
this  point,  the  writer  would  like  to  refer  to  the  work 
recently  done  on  the  stamp  battery  of  the  Simmer 
and  Jack  Proprietary  Mines,  Germiston,  where  it 
was  found  necessary  some  time  ago  to  seriously 
consider  the  re-conditioning  of  the  mill  founda- 
tions. This  work  could  have  been  done  more  or 
less  successfully  by  patching  up  the  existing 
foundations,  but  in  order  to  meet  a  possible 
future  increase  of  the  tonnage  to  be  milled,  if  con- 
sidered advisable,  it  was  decided  to  do  the  work 
so  as  permit  of  an  increase  in  the  weight  of  the 
stamps.  Figs.  I.  and  II.  show  the  battery  foun- 
dations before  and  after  the  alterations. 

The  stamps  on  this  mine  have  a  new  weight  of 
1,250  lb.,  and  an  average  running  weight  of 
1,150  lb.,  while  after  the  alterations  as  shown  it 
is  considered  that  an  average  running  weight  of 
1,100  lb.  will  be  permissible,  taking  into  account 
the  size  of  camshaft  and  stem.  This  represents 
an  increase  of  "2F74%  on  the  old  weight,  and 
will  permit  of  a  similar  increase  in  the  stamp 
duty.     In  addition  to  the  mere  increase  in  stamp 
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Fig.  I.     Foundation  of   battery   before  alterations, 
Simmer  and  Jack  Proprietary  Mines. 


Fig.   II.  —  Foundation  of  battery  after  alterations, 
Simmer  and  .lack  Proprietary  Mines. 

duty  a  greater  eflicieney  is  to  be  expected  since, 
as  the  author  points  out,  the  heavier  stamp  is 
more  likely  to  reduce  the  maximum  size  of  ore 
fed  to  the  mortar  box,  say,  2  in.  cubes,  in  one 
blow  to  the  fineness  required  for  passing  through 
the  screen. 

It  should  be  pointed  out  that  the  sketch  |  Fig. 
II.)  is  merely  schematic  and  does  not  show  all 
the  alterations  made.  Pesides  providing  the 
mortar  box  with  a  substantial  concrete  founda 
tion,  the  kingposts  were  cul  off  and  are  now 
mounted  on  heavy  casl  iron  shoes  which  permit 
of  holding  the  posts  firmly  in  place.  The  bear 
ings  of  the  mill  line  shafting  are  also  provided 
with  new  foundations,  thus  making  them  inde 
pendent  of  the  ore  bin  and  assuring  a  true  line 
for  this  shafting  quite  independent  of  whether  the 


bin  is  empty  or  full.  The  camshaft  platform  was 
also  rebuilt,  and  it  is  now  carried  on  columns 
standing  on  the  foundations,  thus  avoiding  the 
vibrations  always  present  if  the  said  platform  is 
supported  by  the  kingposts.  This  portion  of  the 
work,  although  not  affecting  the  crushing  capacity 
of  the  mill  is,  nevertheless,  very  important  as  it 
enables  the  operators  to  perform  their  work  in 
comparative  ease  and  comfort. 

The  cost  of  doing  this  work  was  £1,190  for  20 
stamps,  or  £59  10s.  per  stamp.  At  least  two- 
thirds  of  this  amount  is  chargeable  to  the  old 
plant  as  being  necessary  repair  work,  and  one- 
third  to  the  weighting  up  of  the  stamps.  Since 
the  increase  in  weight  is  about  20  ,  our  new 
Stamp  of  1,400  lb.  running  weight  would  have 
been  necessary  for  every  five  stamps  thus  weighted 
up.  The  cost  of  one  new  stamp  would  have  been 
£210,  but  the   cost  of  improving  five  old  stamps 

£\  y  ^)  Q  ■  *") 

is  only  ^ — ,  say,  £100,  to  which  should  be 

added  £20  for  obtaining  the  extra  250  lb.  on  five 
stamps,  or  a  total  of  £120,  or  a  saving  of  £120, 
equal  to  50%  on  the  cost  of  a  new  plant.  In 
addition  to  the  saving  on  capital  account  there 
will  also  be  a  reduction  in  the  cost  of  Labour  and 
maintenance,  thus  favourably  influencing  working 
costs. 

The  author  points  out  that  the  only  way  to 
crush  more  ore  to  the  same  degree  of  fineness  is 
to  strike  a  heavier  blow,  and  so  Ear  the  increased 
weight  of  the  stamp  in  every  case  resulted  in  a 
higher  duty,  of  course,  with  the  same  screen  ;  or 
in  other  words,  if  the  duty  is  to  remain  the  same 
a  finer  screen  can  be  used  and  a  liner  product  is 
the  result.  It  is  well  known  that  with  incn 
fineness  of  the  screen  product  the  efficiency  of  the 
stamp  rapidly  drops.*  This  does  not  really 
affect  the  heavy  stamp  as  such  except  that  when 
it  is  possible  to  use  a  coarser  screen  resulting  in 
a  greater  duty  the  stamp  more  oftens  falls  on 
large  pieces  which  results  in  greater  efficiency  as 
the  heavy  stamp  is  more  likely  to  reduce  the  ore 
in  one  blow  to  a  size  suitable  for  fine  grinding  in 
a  3<  condary  machine  such  as  the  tube  mill.  This 
point  has  been  referred  to  by  the  author,  who 
also  states  that  the  limit  in  the  size  of  the  ore 
fed  to  the  mortar  box  is  probably  1  y  in.,  even  for 
the  heavy  stamp.  The  writer  is  inclined  to 
think  that  a  size  up  to  L'.l  in.  might  he  admis- 
sable  tor  stamps  of  1,700  lb.  and  above,  but  this 
point  can  only  be  settled  by  experiments  on  a 
I  urge  scale. 

In  order  to  obtain  the  maximum  efficieucj 
from  a  stamp  it  is  necessary  to  make  arrange- 
ments   for    the    immediate    removal     from    the 
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mortar  box  of  all  particles  suitable  for  regiinding 
in  a  secondary  machine,  as  soon  as*  the  stamp  has 
done  its  -work,  and  this  is  accomplished  with  the 
aid  of  the  coarse  screen  and  an  efficient  water 
feed.  Tests  recently  carried  out  on  the  Rand 
have  proved  this  conclusively,  and  the  writer, 
who  has  referred  to  this  in  another  place,*  trusts 
that  the  author  will  find  it  convenient  to  enlarge 
upon  this  point  in  his  reply. 

Referring  once  more  to  the  maximum  size  of 
the  ore  suitable  for  feeding  to  the  mortar  boxes, 
the  writer  wishes  to  point  out  that  this  not  only 
concerns  the  stamp  mill,  but  it  is  also  of  vital 
importance  to  that  part  of  the  reduction  plant 
doing  the  preliminary  breaking,  viz.,  the  crusher 
station.  It  is  admittedly  difficult  with  the  large 
crushers  now  in  general  use  to  regularly  reduce, 
the  ore  coming  from  underground  to  a  size  not 
exceeding  1^  in.,  and  this  difficulty  must  be 
expected  to  increase  as  larger  crushers  are  used 
as  a  result  of  the  greatly  increased  tonnage  now 
handled  by  modern  plants. 

Another  point  which,  as  far  as  the  writer 
knows,  has  not  been  previously  referred  to  is  the 
manner  of  dealing  with  the  fine  ore  particles 
washed  off  the  larger  pieces  on  sorting  table  or 
belt.  These  are  usually  collected  in  special 
settling  vats  provided  at  the  sorting  stations  and 
are,  as  a  rule,  periodically  sent  to  the  stamp 
battery.  However,  it  must  be  obvious  from  the 
foregoing  that  the  stamp  mill  is  the  last  place  to 
which  they  should  be  sent,  and  a  more  suitable 
method  of  dealing  with  this  product  is  to  send  it 
direct  to  the  secondary  crushing  or  fine  grinding 
machine.  This  was  provided  for  when  laying 
out  the  new  plant  now  jointly  used  by  the 
Simmer  Deep,  Ltd.,  and  the  Jupiter  Gold  Mining 
Co.  If  this  product  is  sent  to  the  stamp  mill 
not  only  is  the  latter  unable  to  efficiently  deal 
with  it  but  extra  water  is  required  to  again  wash 
it  out  of  the  mortar  box. 

The  maximum  weight  attainable  by  the  ordi- 
nary gravitation  stamp  is  obviously  determined 
by  the  limit  in  size  of  camshaft  and  stem,  and 
also  by  the  increased  wear  on  the  faces  of  cam 
and  tappet.  Up  to  a  certain  weight,  which  the 
writer  would  tentatively  place  at  1,750  lb.,  there 
should  be  an  increase  in  the  efficiency  of  the 
stamp  battery,  Avhile  above  that  point  the  benefits 
to  be  derived  from  the  extra  weight  will  be 
greatly  minimised  by  the  extra  expense  in  first 
cost  and  particularly  in  maintenance.  Another 
point  not  to  be  ignored  is  the  fact  that  the  indi- 
vidual parts  of  the  stamp  become  too  heavj  for 
convenient  handling  by  the  operators  and  mecha 
nical  devices  are  necessary,  which  also  tend  to 
increase  the  capital  outlay.      None  of  the  plants 

See  Journal  of  the  South  African  Association  of  En 
vol.  xv.,  p.  113. 


employing  stamps  of  over  1,750  lb.  weight  have 
been  running  a  sufficient  length  of  time  to  permit 
of  final  conclusions,  but  observations  made  on 
batteries  employing  stamps  up  to  1,700  lb.  in 
weight  lead  to  the  conclusion  that  it  becomes 
increasingly  difficult  to  obtain  the  high  class 
material  needed  in  order  to  avoid  excessive  size. 
This  particularly  applies  to  camshaft*  but  in  a 
minor  degree  also  to  the  stem,  cam  and  tappet. 

In  the  following  remarks,  and  with  the  aid  of 
a  few  sketches,  the  writer  will  endeavour  to  show 
the  developments  that  have  taken  place  in  the 
various  parts  of  the  stamp  mill  to  meet  the 
severe  conditions  that  have  arisen  from  the 
increased  weight  of  the  stamp.  In  order  to 
facilitate  comparisons  the  principal  dimensions  of 
the  most  important  parts  of  the  stamp  are  given 
in  the  table  (see  opposite  page),  while  in  the 
sketches  only  the  design  is  indicated. 

Beginning  with  the  shoe  and  die,  practically 
the  only  change  brought  about  by  the  introduc- 
tion of  the  heavy  stamp  is  in  the  diameter,  and 
there  the  increase  in  size  is  by  no  means  very 
marked.  There  is  undoubtedly  a  lack  of  infor- 
mation as  to  the  relation  between  the  falling 
weight  of  the  stamp  and  the  diameter  of  the  shoe 
and  die,  and  it  appears  to  the  writer  that  engi- 
neers have  in  the  past  made  the  shoe  of  the  same 
diameter  as  the  head  without  considering  what 
would  happen  if  the  shoe  were  made  smaller.  It 
is  evident  that  experiments  should  be  made  to 
determine  the  proper  diameter  of  the  shoe  for  a 
given  weight  of  stamp.  The  length  of  the  shoe 
and  the  height  of  the  die  are,  of  course,  deter- 
mined by  the  consideration  of  their  respective 
lives  taking  into  account  that  on  the  Rand,  for 
every  ton  crushed  with  a  comparatively  fine 
screen,  the  wear  of  the  shoe  amounts  to  about 
0  4  lb.,  and  that  of  the  die  to  about  0"3  lb.,  or  a 
total  of  0'7  lb.  This  amount  of  wear  per  ton  of 
ore  crushed  is  considerably  reduced  when  using  a 
coarse  screen,  say,  from  9  to  36  mesh  per  scp  in. 
It  must  also  be  considered  that  the  weight  of  the 
shoe  is  a  wasting  factor,  which  must  be  compen- 
sated for  in  a  manner  similar  to  that  indicated 
by  the  author. 

The  stem  has  always  had  a  length  of  approxi- 
mately 17  ft.,  and  the  heavier  stamp  only 
required  a  larger  diameter,  as  indicated  in  the 
table.  It  is  perhaps  not  out  of  place  to  refer  to 
the  habit  of  mill  men  in  general  to  increase  the 
length  of  the  stem  by  welding  on  pieces  of  vary- 
ing length,  thus  adding  to  the  weight  of  the 
stamp.  This  practice  is  not  to  be  recommended 
for  imitation  as  the  weight  so  added  is  not  mtv 
effective  from  the  crushing  point  of  view  owing 
to  the  elasticity  of  the  material. 

The  head  is  a  vital  part  of  the  stamp,  and  its 
importance  has  been  more  fully  realised  since  the 
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introduction  of  the  heavy  stamp.  It  is  evidently 
that  part  of  the  stamp  which  must  mainly  serve 
to  increase  the  weight  of  the  latter  for  the  reason 
that  its  weight  does  not  decrease  as  does  that  of 
the  shoe,  and  also  because  its  weight  acts  immedi- 
ately upon  the  rock  to  be  crushed.  With  an 
increased  size  of  stem  the  head  also  had  to  be 
increased  so  as  to  give  the  required  strength,  but 
as  there  is  a  limit  in  this  direction  imposed  by 
the  distance  from  centre  to  centre  of  stamp  the 
additional  weight  required  is  generally  obtained 
by  increasing  the  length  until,  at  the  present 
time  the  length  has  in  some  cases  reached  4  ft. 
The  breakage  of  heads  is  now-a-days  very  small, 
owing  to  the  hydraulic  press  superseding  dynamite 
for  removing  the  broken  ends  of  stems. 

Considerable  attention  has  lately  been  paid  to 
the  design  of  the  tappet,  and  from  Figs.  III., 
IV.,  V.  and  VI.,  may  be  seen  the  successive 
stages  in  the  design  to  meet  the  conditions 
imposed  by  the  increased  weight  of  stamp. 

Fig.  III.  shows  the  single-gib  two-key  type 
tappet,  suitable  for  1,250  lb.  stamp. 

Fig.  IV.  shows  the  single-gib  three-key  type 
tappet,  suitable  for  1,550  lb.  stamp. 

Fig.  V.  shows  the  double-gib  four-key  type 
tappet,  suitable  for  1,700  lb.  stamp. 

Fig.  VI.  shows  the  treble-gib  three-key  type 
tappet,  suitable  for  stamps  above  1,700  lb.  stamp. 
Fig.  VII.  illustrates  the  tappet  designed  by 
Mr.  G.  O.  Smart,  and  it  is  suitable  for  stamp- 
up  to  1,300  lb.  weight,  having  the  advantage 
above  that  shown  in  Fig.  III.,  that  only  one  key 
need  be  driven  instead  of  two  keys  in  the  latter 
type. 

The  cam  has  always  been  a  source  of  anxiety 
to  millmen  even  in  the  very  simple  form  in  which 
it  is  principally  known  today,  quite  apart  from 
the  many  designs  of  built-up  cams  that  have 
been  put  forward  and  tried  at  various  times,  and 
which  in  every  case  resulted  in  failure  The 
changes  necessitated  by  the  increased  weight  of 
stamp  generally  resulted  in  a  cam  of  more  sub- 
stantial design  without  change  to  the  involute 
described  by  the  face  of  the  wings.  An  improve 
ment  has,  however,  been  effected  by  Mr.  II.  ('. 
Behr,  and  was  tried  in  the  joint  mill  of  the 
Simmer  Deep,  Ltd.,  and  the  Jupiter  Gold  Mining 
Co.  Fig.  IX.  is  an  outline  sketch  of  the  new 
cam,  and  Fig.  X.  gives  an  illustration  of  its  per- 
formance as  compared  with  the  ordinary  cam  in 
use  in  this  mill  and  which  is  illustrated  in 
Fig.  VIII.  It  will  be  seen  that  with  the  improved 
cam,  having  the  same  overall  diameter  as  the 
ordinary  cam,  the  height  of  the  drop  is  increased 
from  8|  in.  to  9|  in.  or  by  :,;  in.  equivalent  to  8%, 
and  that  the  curve  for  the  improved  cam  is, 
particularly  in  its  rising  part,  very  much  more 
even  that  that  for  the  ordinary  cam. 
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Fig.  III.— 2-key  single 
gib  tappet. 


Fig.  IV.— 3-key  single 
gib  tappet. 


louble 


Fig.    VI.—  3-key   treble 
gib  tappet. 


The  apparatus  used  for  obtaining  these 
curves  was  designed  by  Mr.  Behr,  and  it  has 
greatly  helped  in  showing  the  behaviour  of 
different  cams    under    varying   conditions.     The 


FlG.  VII.— Smart's  one-key  single  gib  tappet. 


Fig.   X. — Velocity  curve  for   ordinary  and    Bebr's 
improved  cam. 

curves  show  that,  while  the  curve  for  the  new 
cam  must  necessarily  be  steeper  than  that  for  the 
ordinary  cam  owing  to  the  greater  height  attained 
in  the  same  time,  this  curve  is  at  its  beginning 
much  flatter  than  that  for  the  ordinary  cam  which 
is  due  to  the  smaller  generating  circle  employed. 
The  shock  due  to  striking  the  tappet  is  obviously 
less  with  the  new  cam,  and  this  is  clearly  shown 
by  the  repeated  jumps  or  jerks  in  the  curve  of 
the  ordinary  cam.  In  other  words,  the  curve  for 
the  new  cam  more  nearly  approaches  the  ideal 
curve  obtainable  when  lifting  a  stamp  without  a 
mass.  It  is  also  clear  that  when  using  the 
improved  cam  the  wear  on  cam  and  tappet  must 
be  reduced.  This,  however,  cannot  as  yet  be 
proved  from  actual  work,  it  being  too  early  to 
give  a  final  opinion. 

The  introduction  of  the  heavy  stamp  was 
followed  by  considerable  changes  in  the  design  of 
the  camshaft.  The  writer  does  not  wish  to  dis- 
cuss in  detail  the  various  methods  of  fastening 
the  cams  tothe  camshaft,  but  it  may  be  stated,  in 
passing,  that  four  methods  are  now  in  vogue,  viz.: 

(a)  By  the  ordinary  key. 

(/i)  By  the  "  Blanton  key. 

(c)  By  the  "Blanton  "  rifling,  and 

(d)  By  the  "  M.  P.  Boss  "  method. 

The  last  mentioned  has  lately  been  adopted  by 
Mr  H.  C.  Bohr  with  considerable  success,  and 
with  regard  to  the  two  "  Blanton "  methods 
opinions   on    the   Rand  are  very  much   divided. 
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FlG.  VIII.— Ordinary  cam,  Simmer  Deep,  Ltd. 


Fig.  IX. — Bear's  improved  < 

The  ordinary  key  may  be  said  to  be  a  thing  of  average  a 
the  past,  except  for  very  light  stamps,  requiring  writer 
as  it  does  too  much  labour  and  time  in  removing 
cams.  There  are  three  types  of  camshafts  in  use 
on  the  Rand,  the  classification  being  in  accord- 
ance with  the  number  of  cams  carried  by  one 
shaft.  They  carry  5,  10,  and  15  cams  respec- 
tively. It  is  argued  in  favour  of  the  five-stamp 
camshaft  that  it  is  carried  in  two  bearings  only, 
and  that  particular  attention  for  keeping  these  in 
line  is  not  required.  Against  this  it  is  pointed 
out  that  the  end  of  the  shaft  removed  from  the 
pulley  vibrates  considerably  in  its  bearing.  The 
extent  of  this  can  be  seen  from  the  curve  shown 
in  Fig.  XII.,  which  was  obtained  in  the  mill  of  '  pIQ  X| 
the     Wollmter     Co|,|     Mining    Co.,   and     is    an  Ltd. 


imple  of  a  great  number  taken  by  the 
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Five-stamp  camshaft,   Wollmter    Mine-.. 
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Fig.  XII. — Vibration  curves  of  five-stamp  camshaft. 


The  weight  of  the  stamps  in  this  case  is 
1,380  lb.,  and  the  battery  has  cast-iron  anvil 
blocks  on  concrete  foundations.  The  camshaft 
is  6  in.  in  diameter. 

The  ten-stamp  camshaft  is  carried  in  three 
bearings  requiring  more  attention  by  way  of  keep- 
ing these  bearings  in  line.  The  vibrations  of  this 
type  of  shaft  in  the  bearings  A  and  B  are  illus- 
trated by  the  curves  Fig.  XIV.,  and  these  are 
average  samples  of  those  obtained  in  the  joint 
mill  of  the  Simmer  Deep,  Ltd.,  and  Jupiter  Gold 
Mining  Co. 


Fig.  XIII. — Ten-stamp  camshaft,  Simmer  Deep,  Ltd. 

The  weight  of  the  stamps  is  1,670  lb.  when 
new,  and  the  diameter  of  the  camshaft  is  7  in. 
over  the  rifling. 

The  fifteen-stamp  camshaft  is,  as  far  as  the 
writer  knows,  only  in  use  in  the  mill  of  the  Wit- 
watersrand  Deep,  Ltd.,  Fig.  XVI.  shows  two 
average  vibration  curves  for  each  of  the  bearings 
A,  B  and  C. 


The  weight  of  the  stamps  is  1,380  lb.,  and  the 
camshaft  is  6-|  in.  in  diameter.  In  this  mill  the 
mortar-boxes  are  carried  on  timber  mortar-blocks 
and  the  kingposts  on  timber  sills. 

With  regard  to  breakage  of  camshafts  in 
batteries  using  heavy  stamps,  some  further  infor- 
mation  would   be   acceptable.     How  far  the  in- 
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Fig.  XV. — Fifteen-stamp  camshaft,  Witwatersrand 
Deep,  Ltd. 

crease  in  the  weight  of  the  stamp  accounts  for 
the  breakage  of  camshafts  the  writer  is  not 
prepared  to  say,  but  it  is  a  fact  that  microscopic 
examination  of  broken  camshafts  in  many  cases 
reveals  faulty  material  such  as  in  the  cases  illus- 
trated by  Mr.  A.  McArthur  Johnston,  President 
of  this  Society,  in  his  recent  Inaugural  Address.* 
It  is  a  well-known  fact  that  ten-stamp  cam- 
shafts mostly  break  at  the  point  indicated  in 
Fig.  XIII. ,  and  this  was  taken  advantage  of  in 
the  mill  of  the  Luipaarels  Vlei  Estate  and  Gold 

*  See  this  Journal,  vol.  x.,  p.  5,  et  seq. 


Fio.  XIV.-  Vibiation  curves  of  ten-stamp  camshaft. 


FIG.  XVI. — Vibration  curves  of  fifteen-stamp  camshaft. 
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Mining  Co.  by  making  provision  for  a  number  of 
five-stamp  camshafts  so  that  all  those  ten-stamp 
shafts  breaking  as  indicated  can  be  used  again  in 
five  stamp  batteries  by  cutting  off  the  waste  end. 
A  special  type  of  ten-stamp  camshaft,  having  four 
bearings,  is  shown  in  Fig.  XVII. 


FlG.  XVII. -Ten  stamp  camshaft,  Knights  Deep,  Ltd. 

This  is  a  design  not  to  be  recommended,  and 
it  has  apparently  been  adopted  to  take  better  care 
of  the  torsional  moment  which,  however,  is  a 
negligeable  quantity. 

It  cannot  strictly  be  said  that  the  design  of  the 
camshaft   pulley   has   been    altered    in  order    to 


meet  the  demand  made  by  the  heavy  stamp,  but 
the  design  due  to  Mr.  Rodwell,  of  the  Luipaards 
Vlei  Estate  and  Gold  Mining  Co.,  is  worthy  of 
consideration,  and  is  shown  in  Fig.  XVIII. 

The  special  feature  of  this  pulley  is  the  placing 
of  the  boards  tangentially  to  the  hub,  each  section 
being  obtained  by  cutting  a  board  of  the  required 
length  diagonally,  thus  having  no  waste.  The 
hub  of  this  pulley  is  that  designed  by  Mr.  M.  P. 
Boss  of  San  Francisco. 

The  design  of  the  kingpost  has  also  been  con- 
siderably modified  but  only  partly  as  the  result 
of  the  greater  weight  of  the  stamp,  ft  is  not 
always  possible  to  procure  timber  sufficiently 
seasoned,  and  as  a  result  of  the  shrinkage  follow- 
ing in  the  wake  of  using  partly  seasoned  timber 
the  bearings  carrying  the  camshaft  are  soon  out 
of  line  and  require  a  considerable  amount  of 
attention.  Figs.  XIX.  to  XXII.  show  the  deve- 
lopment in  the  design  of  the  kingpost  that  has 
recently  taken  place. 


Fig.  XVIII.— Camshaft  pulley,  Loipaardsvlei  Estate  and  ('<.  M.  Co.,  Ltd. 
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Figs.  XIX.  to  XXII. — Various  types  of  kingposts. 

Fig.  XIX.  shows  the  early  design  in  -which  a 
single  piece  of  timber  was  used  and  a  recess  was 
cut  to  take  the  camshaft  box.  This  involves  a 
considerable  waste  of  timber  as  it  is  evident  from 
Fig.  XX.,  which  shows  a  type  of  kingpost  in 
which  the  piece  of  wood  carrying  the  camshaft 
box  is  bolted  on.  The  latter  design  will  dispense 
with  a  lot  of  trouble,  but  it  is  still  subject  to  the 
warping  of  the  post,  and  in  order  to  prevent  this  the 
design  shown  in  Fig.  XXL,  and  due  to  Mr.  J.  E. 
Thomas,  of  the  Simmer  Deep,  Ltd.,  was  adopted. 
Here  the  post  is  cut  in  two,  and  one  half  reversed 
so  that  should  the  timber  tend  to  warping  the 
two  halves  will  do  so  in  opposite  directions  and 
thus  neutralise  the  action.  However,  all  types  of 
kingposts  made  entirely  of  wood  possess  the 
objectionable  feature  of  shrinking,  and  as  long  as 
a  number  of  bearings  belonging  to  the  same 
shaft  are  carried  on  timber  it  will  remain  difficult 
to  keep  them  permanently  in  line.  To  overcome 
this  difficulty  the  writer  has  advocated  the  design 
shown  in  Fig.  XXII. ,  in  which  the  camshaft 
boxes  are  carried  on  cast-iron  columns  bolted  to 
the  timber  posts,  and  it  is  anticipated  that  the 
result  will  be  satisfactory.  In  the  new  mill  of 
the  City  Deep,  Ltd.,  the  kingposts  will  be  made 
of  reinforced  concrete,  and  it  will  be  interesting 
to  see  how  these  will  behave  under  the  severe 
conditions  present  in  a  battery  using  stamps  of 
2,000  lb.  weight. 

The  author  dealt  with  the  foundation  of  the 
battery  at  some  length,  and  he  gave  in  his  Fig.  I. 


a  sketch  of  the  foundation  used  in  the  mill  of  the 
Simmer  Deep  and  Jupiter  joint  plant.  The 
block  serving  for  10  stamps  contains  about 
50  cub.  yd.  of  concrete,  and  for  the  benefit  of 
those  interested  it  maybe  stated  that  the  bulk  of 
it  was  made  up  as  follows  : — 
22^  cub.  ft.  of  2  in.  stone  "| 

7  ,,  |  in.  stone  'make  1  cub. yd. 

13  ,,  washed  sand  j      of  concrete. 

1^  barrel  of  cement 
While  for  the  last  2  ft.  from  the  top  1|  barrel  of 
cement  was  used  for  the  same  quantities  of  stone 
and  sand. 

In  his  Fig.  III.  the  author  shows  the  type  of 
foundation  used  in  a  number  of  mills  having 
stamps  of  1,550  lb.  weight,  the  main  feature 
being  the  use  of  the  cast-iron  anvil.  This  type 
has  now  been  discarded  in  favour  of  that  using 
concrete  only,  resulting  in  a  considerable  saving. 
The  cost  of  the  foundation  for  10  stamps  in  the 
Simmer  Deep  mill  (the  author's  Fig.  I.)  was 
£175,  while  the  cost  of  the  foundation  with  anvil 
block  and  timber  cushion  (the  author's  Fig.  III.) 
was  £450,  a  difference  in  favour  of  the  former 
of  £275  for  10  stamps,  quite  a  considerable 
item. 

In  the  writer's  Fig.  I.  is  shown  the  old  type  of 
foundation  using  the  timber  mortar  block,  but  it 
is  impossible  to  give  reliable  data  regarding  the 
cost,  so  that  a  comparison  from  this  point  of 
view  can  not  be  made.  There  can,  however,  be 
no  doubt  that  the  latest  type  of  concrete  founda- 
tion is  the  more  durable  of  the  two  seeing  the 
short  life  of  the  old  type  as  evidenced  by  the 
statements  made  at  the  commencement  of  these 
remarks. 

The  increase  in  the  weight  of  the  stamp  has 
been  followed  by  considerable  changes  in  the 
design  of  the  mortar  box.  It  would  lead  too  far 
to  go  into  all  the  details,  and  a  reference  to  the 
table  will  show  the  alterations  made  in  the  thick- 
ness of  the  base.  In  the  days  when  the  anvil 
block  was  considered  a  necessity  it  seemed  to  the 
writer  that  there  was  too  much  cast-iron  in- 
volved in  the  design,  and  in  order  to  reduce 
this  it  was  proposed  to  combine  the  anvil  block 
and  the  mortar  box  by  making  the  body  of 
the  box  separate  from  the  base  as  shown  in  Fig. 
XXIII. 

It  was  thought  by  making  the  body  of  mild 
steel  or  cast  steel  it  could  be  made  very  light,  thus 
minimising  the  difficulty  of  holding  it  to  the  base. 
Of  course,  the  base  could  then  be  made  of  any 
thickness,  and  the  difficulties  always  present 
when  casting  a  body  very  heavy  at  one  end  and 
very  light  at  the  other  would  be  overcome.  There 
should  be  no  difficulty  in  making  a  tight  joint 
between  body  and  base.  However,  since  it  was 
found  that  the  anvil  block   was   not   needed  and 
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FlG.  XXIII. — Sehmitt's  composite  mortar  box. 
that  a  moderate  thickness  of  base  in  the  mortar  box 
was  sufficient  to  meet  the  demands  of  the  heavy 
stamp,  there  may  be  doubts  about  the  necessity 
of  making  a  composite  box  such  as  the  one 
described.  Heavy  stamps  with  good  foundations 
have  now  been  in  use  for  several  years,  and  the 
fact  stands  out  that  the  breakage  of  mortar  box  as 
has  decreased  if  it  has  changed  at  all. 

In  the  old  type  of  battery  the  kingpost  was 
rigidly  connected  to  the  mill  bin  through  the 
knee  beam.  This  was  one  of  the  weakest  points 
in  the  design  as  the  knee  beam  tends  to  lift  the 
kingpost  whenever,  under  the  increased  load  in 
the  bin,  the  knee  beam  is  deflected.  In  the 
Simmer  Deep  mill  this  difficulty  has  been  over- 
come by  making  a  flexible  connection  between 
the  member  holding  the  kingpost  laterally  ami 
the  bin  framing  while  at  the  same  time  rigidly 
holding  the  kingpost  against  any  longitudinal 
motion.  This  also  prevents  any  vibration  there 
may  be  in  the  kingpost  from  being  transmitted 
to  the  bin  framing.  Arrangements  were  also 
made  (see  the  author's  Fig.  I.)  to  carry  the  cam- 
shaft platform  independent  of  the  kingpost,  and 
this  is  a  considerable  improvement  to  which 
reference  has  already  been  made  when  describing 
the  alterations  to  the  mill  of  the  Simmer  and 
Jack  Proprietary  Mines.  It  was  first  suggested 
by  Mr.  (!.  ().  Smart,  Reduction  Works  Manager 
of  the  mine  just  named. 


Ever  since  the  increase  in  stamp  duty  began  it 
was  felt  that  arrangements  must  be  made  for 
increased  storage  capacity  in  the  mill  bin.  With 
a  stamp  duty  of  5  tons  per  day  a  storage  capacity 
of  12  tons  per  stamp  was  sufficient  to  allow  of 
milling  over  Sunday,  which  is  permitted  by  the 
laws  of  the  country  which,  however,  do  not 
permit  of  hauling  ore  either  in  the  shafts  or  on 
the  surface.  The  Simmer  Deep  mill  bin  was 
designed  to  give  a  storage  of  26  tons  per  stamp, 
and  this  provided  amply  for  a  proposed  duty  of 
8'2  tons  per  stamp  per  day.  Condition-,  how- 
ever, are  rapidly  changing  and  stamp  duties  from 
14  to  20  tons  per  day  will  in  the  future  be  quite 
common.  With  the  usual  allowance  of  three 
day's  storage  this  means  a  bin  capacity  up  to  60 
tons  per  stamp,  and  it  is  a  problem  of  consider- 
able magnitude  if  the  cost  of  the  plant  is  to  be 
kept  within  reasonable  limits.  Mr.  A.  M . 
Robeson*  anticipated  this  to  some  extent  by  pro- 
posing the  storing  of  the  ore  outside  the  mill 
building  and  feeding  the  inside  bin  by  a  system 
of  belt  conveyors.  This,  of  course,  means  that 
additional  machinery  is  to  be  maintained  and  that 
extra  power  will  be  consumed,  leaving  alone  the 
main  question  as  to  whether  the  law  permits  of 
running  such  conveyors  on  Sunday.  The  obvious 
solution  is  to  stop  the  mills  on  Sunday  but  failing 
this,  the  writer  would  prefer  to  make  the  mill  bin 
of  the  required  size  rather  than  introduce  addi- 
tional machinery. 

It  cannot  be  denied,  in  view  of  the  foregoing 
remarks,  that  the  coming  of  the  heavy  gravitation 
stamp  is  responsible  for  considerable  changes  in 
the  mill  design,  and  that  a  number  of  new 
problems  have  arisen,  some  of  which  still  await  a 
satisfactory  solution.  Meanwhile  efforts  have 
been  made  to  find  a  solution  for  the  main 
problem,  that  is,  crushing  more  ore  for  tic  same 
or  less  capital  outlay  and  at  reduced  running 
costs,  without  increasing  the  weight  of  the  gravity 
stamp.  It  is  impossible  to  mention  all  the  experi- 
ments made  in  the  course  of  this  discussion,  but 
a  few  which  have  come  under  the  writer's 
observation  shall  be  briefly  referred  to.  They 
are  : — 

(n)   The  Morrison  high  speed  stamp. f 

(A)  The  Ilolman  pneumatic  stamp. 

(c)    Mr.    II.  ('.    B  'hi's  accelerated  stamp. 

('/)  Coarse  crushing  with  re  grinding. 

The  Morrison  high  speed  -tamp  has  already 
been  mentioned  by  Messrs.  11.  S.  Denny  and 
I!.  E.  Commana  in  the  discussion  on  Mr. 
Caldecott's  paper,  but  as  it  has  been  previously 


i  a,,  M,  ehanieal  I'.,  oj  tht 

Witwat*  rsrand,  \  "I.  ii,  i 
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described,  and  was  a  failure  as  far'as  the  Rand  is 
concerned,  further  remarks  are  unnecessary. 

The  Hoi  man  pneumatic  stamp  is  at  present 
undergoing  extensive  trials  at  the  New  Kleinfon 
tein  Co's  mill  and,  as  far  as  the  writer  is  aware, 
the  results  obtained  are  quite  satisfactory. 

The  result  of  Mr.  Behr's  experiments  with 
stamps  accelerated  with  the  aid  of  compressed  air 
have  not  yet  been  published,  but  the  writer 
knows  that  Mr.  Behr  succeeded  in  running  the 
ordinary  1,670  lb.  stamps  at  the  Simmer  Deep  at 
140  drops  per  minute.  Figs.  XXIV.  and  XXV. 
show  velocity  diagrams  of  the  Simmer  Deep 
stamps  running  at  100  and  140  drops  per 
minute. 

With  regard  to  the  coarse  crushing  in  the 
stamp  mill  and  re-grinding  in  secondary  machines 
there  is,  of  course,  no  reason  why  coarse  crushing 
and  heavy  stamps  should  not  go  together  although 
if  there  should  be  any  serious  objection  to  the 
heavy  gravitation  stamp,  coarse  crushing  will  be 
the  chief  means  for  obtaining  the  desired  result 
without  having  to  raise  the  weight  of  the  stamp. 
Experiments  recently  carried  out  by  the  Mines 
Trials  Committee  at  the  Simmer  East  mill  with 
stamps  weighing  1,400  lb.  and  crushing  through 
a  9-mesh  screen  (-27  in.  aperture)  gave  a  duty 
of  151  tons  per  stamp  per  day,  and  the  product 
from  17  stamps  was  easily  reduced  to  the  required 
fineness  by  one  22  ft.  x  5  ft.  6  in.  tube  mill. 
Further,  experiments  made  at  the  Simmer  Deep, 
at  the  suggestion  of  the  author,  with  stamps  of 
1,640  lb.  and  crushing  through  a  30-mesh  screen 
(wire  "0482  in.,  aperture  -1348  in.)  gave  a  stamp 


duty  of  16"7  tons  when  running  75  stamps  in 
conjunction  with  four  22  ft.  x  5  ft.  6  in.  tube 
mill.  The  writer  has  analysed  the  result  of  the 
last  mentioned  experiment,*  in  which  a  crushing 
and  grinding  plant  of 

(a)  75  stamps  and  4  tube  mills,  and 

(b)  75  stamps  and  1  tube  mill 

were  compared.     The  result  showed  that  the  sav- 
ing due  to  running  the  plant  with   4   tube   mills 
was  as  follows  : — 

Per  Cent. 
Saving  in  capital  expenditure  ...  ...     30"0 

Saving  in  ordinary  working  costsf  ...      17 "5 

Saving    in    ordinary    working    costs    plus 

capital  charges j  ...  ...      23 "7 

Saving  in  power  costs  alone     ...  ...      15  5 

Considering  the  excellent  results  obtained  by  a 
judicious  combination  of  stamps  and  tube  mills 
it  appears  to  the  writer  that  the  time  has  arrived 
for  re-considering  the  whole  question.  Of  course, 
any  improvement  made  in  the  stamp  mill  will 
also  benefit  a  combination  of  stamp  and  tube 
mill  but,  as  there  is  a  limit  to  the  weight  of  the 
gravitation  stamp,  the  combination  referred  to 
will  enable  engineers  and  metallurgists  to  regard 
this  limit  with  more  equanimity  than  would 
otherwise  have  been  the  case.  The  introduction 
of  the  heavy  stamp  has  done  good  beyond  esti- 
mating, by  calling  attention  to  the  weak  points 

*  See  Journal  of  the  South  African  Association  of  Engine*  rs, 
vol.  xv.,  p.  ]  13. 
t  These  include  labour  (white  and  coloured),  power,  mercury, 

shoes,  dii's,  screen:-,  pehlilcs,  liners,  lighting-,  water,  maintenance 
and  general  charges. 

t  Capital   charges   on   the   basis  of    7%   interest,   plus  3%   for 
redemption  of  capital. 


FlG.  XXIV. — Velocity  curves  of  1,670  lb.  stamp,  at  100  drops  per  minute. 


Fig.  XXV.     Velocity  curves  of  1,670  lb.  stamp,  at  14(i  drops  per  minute. 
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in  the  stamp  mill  design,  and  for  this  alone,  if  for 
nothing  else,  Mr.  Caldecott,  as  its  chief  exponent 
on  the  Rand,  deserves  the  greatest  credit. 

The  Chairman  :  Gentlemen,  our  hearty 
thanks  are  due  both  to  Mr.  Pearce  and  Mr. 
Schmitt  for  their  able  contributions  to  this  already 
classic  paper. 


SOME    EXPERIMENTS    OX    SMELTIXG 
TITAXIFEROUS  IROX  ORE. 


Part  I. — Crucible  Experiments. 


(Bead  at  November  Meeting,  1909. ) 
By  Prof.  G.  H.  Stanley  (Member  of  Council). 

DISCUSSION. 

Mr.  D.  W.  Greig  (Associate):  The  contribution 
to  the  question  of  titaniferous  iron  ore  smelting 
by  Prof.  Stanley,  in  which  his  crucible  experi- 
ments arc  detailed,  is  in  my  humble  opinion  the 
best  that  has  been  written  on  this  subject,  inas- 
much as  he  is  the  first  to  attempt  to  prove 
experimentally  that  titanium  oxide  can  act,  and 
in  fact  usually  does  act  as  a  base.  At  a  works 
with  which  I  was  connected  this  oxide  was 
always  considered  as  an  acid  and  treated  as  such, 
hence,  no  doubt,  as  Prof.  Stanley  has  pointed 
<nit,  accentuating  the  very  evil  we  wished  to  over- 
come. 

With  the  authors  views  on  the  electric  smelting 
of  titaniferous  ores  I  am  in  absolute  agreement. 
Our  object  would  not  be  to  make  special  steels, 
but  for  the  or  linary  article  the  cost  of  the  electric 
process  would  be  prohibitive.  Those  who  advo- 
cate the  electric  smelting  of  ores  of  the  Onderste- 
poort  class  are  very  fond  of  quoting  from  the 
Canadian  Government  Report,  published  two  or 
three  years  ago ;  but  anyone  who  takes  the 
trouble  to  read  the  report  carefully  cannot 
but  come  to  the  conclusion  that  it  is  not  very 
sanguine.  It  must  be  borne  in  mind  too  that 
Canadian  conditions  are  vastly  superior  to  those 
appertaining  here,  especially  as  regards  price  of 
current. 

To  come  now  to  the  author's  experiments.  He 
performed  a  number  of  reductions  of  the  Onder- 
stepoort  ore,  and  protests  that  he  obtained  fusible 
slags.  His  slags  contain  a  tremendous  amount  of 
iron,  but  this  was  to  be  expected,  seeing  the 
reductions  were  carried  out  in  crucibles.  A  con- 
siderable amount  of  iron  in  a  slag,  however, 
generally  lowers  its  melting  point  and  always 
increases  its  fluidity.  It  will  be  pleasing  there- 
fore if,  in  the  experiments  the  author  is  now- 
carrying  out  in  the  more  perfectly  reducing 
atmosphere  of  a  small  blast  furnace,  he  is  able  to 


obtain  fusible  titanium — carrying  slags  which 
contain  little  iron. 

I  think  Prof.  Stanley,  at  the  beginning  of  his 
paper,  passes  over  the  question  of  fuel  rather 
hurriedly.  The  matter  of  fuel  is  perhaps  more 
important  than  the  ore  itself.  He  quotes  one 
sample  of  coke  which  came  under  his  notice  con- 
taining 9 "7%  ash,  but  we  can  hardly  settle  ques- 
tions of  this  kind  on  individual  samples.  A 
number  of  coal  analyses  were  given  by  Mr.  A.  J. 
Andrews  in  his  paper  on  "  South  African  Coals,"' 
read  before  the  April  meeting.*  The  lowest  ash 
content  of  these  samples  was  the  Xatal  coal, 
which  showed  11  "5%  while  the  Middelburg 
variety  showed  13*91%,  and  our  local  stuff  he  put 
down  at  183/.  The  coke  produced  from  even 
the  best  of  these  coals  would  contain  15  to  16  or 
even  a  higher  percentage  of  ash,  and  one  of  the 
rules  of  thumb  in  vogue  around  Middlesborough 
is  that  a  coke  containing  over  8%  ash  is  unsatis- 
factory in  blast  furnaces. 

There  is  a  more  important  point  still  in  connec- 
tion with  the  coke,  and  that  is  the  quantity  of 
sulphur  it  contains.  Sulphur  is  the  bane  of  an 
iron  and  steel  maker's  existence  ;  if  reduced  it 
causes  the  iron  from  the  blast  furnace  to  run 
"  white,"  and  to  prevent  as  far  as  possible  its 
being  reduced,  and  entering  the  iron  the  furnace 
must  be  run  "  hot  "  and  the  slag  "  limey."  Lime 
would  be  necessary,  as  I  am  afraid  Prof.  Stanley's 
weak  base,  Ti.,03,  would  have  no  affinity  for 
sulphur. 

Near  the  end  of  the  paper  the  author  comes 
back  to  the  fuel  question,  and  suggests  that  in 
places  where  no  coking  coal  exists,  coal  itself 
might  be  used.  It  is  a  well  known  tact  however 
that  coal  driven  furnaces  never  run  quite  so 
"hot"  as  those  using  coke,  and  ores  containing 
titanium  require  all  the  heat  possible.  Coal  also 
tends  to  encourage  "  hanging "  in  the  blast 
furnace ;  an  evil  which  the  Onderstepoort  ore 
would  introduce  without  encouragement.  The 
dolomite  Prof.  Stanley  quotes  is  poor  stuff,  the 
1  of  silica  it  contains  will  demand  about  .s  of 
the  lime  to  form  a  flux,  reducing  considerably  the 
utility  of  the  dolomite  and  adding  to  the  quantity 
of  slag. 

The  author  endeavours  to  make  out  a  case  for 
"  white  "  iron,  lion  makers  at  home  find  very 
little  sale  for  this  class  of  pig,  and  J  would  like- 
to  ask  the  author  for  what  kind  of  open  hearth 
steel  furnaces  it  is  well  adapted,  as  a  "  white  " 
iron  low  in  silicon  is  generally  high  in  sulphur.' 
Prof.  Stanley's  "white  "  irons  are  certainly  low  in 
silicon,  tin-  sulphur  is  not  given. 

Whatever    may    be    OUT     individual     opinions 

regarding  some   of  Prof.    Stanley's   conclusions, 

there   can    be    no   doubt    that   one   phase  of  this 

•  Sec  this  Jnvrnal,  Vol.  ix.,  April,  1!K  I),  i>.  33a 
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interesting  subject  has  been  filled  in  by  a  "  man 
on  the  spot,"  and,  I  for  one,  anxiously  await  the 
publication  of  the  larger  experiments,  upon  which 
I  understand  he  is  now  engaged. 

The  Chairman  :  The  Society  is  to  be  con- 
gratulated upon  a  keen  associate.  I  wish  some 
of  the  members  would  emulate  him. 


TREATMENT  OF  ORE  SLIME. 


(Read  at  November'  Meeting,  1909.) 

By   Andrew    F.    Crosse,    M.Inst.M.M,    (Past- 
President). 

DISCUSSION. 

Mr.  C.  0.  Schmitt  {Member)  :  I  would  like  to 
congratulate  Mr.  Crosse  on  his  excellent  paper 
which,  I  am  sure,  will  be  appreciated  by  all  hav- 
ing the  advancement  of  the  metallurgy  of  gold  at 
heart.  I  do  not  wish  to  deal  in  detail  with  the 
plant  described,  but  I  should  like  to  point  out 
that  the  value  of  the  paper  would  be  greatly 
enhanced  by  an  estimate  of  the  capital  outlay 
required  for  a  plant  dealing  with  an  assumed 
tonnage,  as  this  would  enable  us  to  see  how  the 
new  plant  compares  with  the  decantation  plant. 
A  detailed  estimate  of  the  probable  cost  of  treat 
ment  would  also  be  useful,  and  would  certainly 
assist  us  in  arriving  at  a  final  conclusion. 


ENDLESS  ROPE  HAULAGE. 


(Read  at  November  Meeting,  1909.) 
By  H.  G.  Kay  (Associate). 

DISCUSSION. 

Mr.  Tom  Johnson  (Member) :  The  author  is 
to  be  congratulated  on  his  choice  of  subject,  see- 
ing that  so  many  of  our  members  are,  or  should  be, 
interested  in  endless  rope  haulage.  He  confines 
himself  to  surface  work,  but  there  is  a  wide  field 
for  exploitation  underground,  both  in  haulage 
uphill  and  in  self  acting  inclines,  but  not  in  drives. 
I  hope  our  mine  managers  and  cyanide  managers 
will  direct  their  attention  to  the  amount  of  rock 
hauled  per  day  with  each  rope  at  the  Premier 
Diamond  Mine  and  compare  it  with  what  is  done 
on  our  dumps  on  the  Rand.  I  fancy  there  is 
plenty  of  room  for  improvement. 

The  author  seems  to  be  of  the  opinion  that  a 
divergence  at  a  curve  of  15°  to  30°  is  as  great  as 
can  be  safely  negotiated.  I  beg  to  differ.  By 
using  flat  sheets  or  channels  instead  of  ordinary 
rails  at  the  curves,  a  deflection  of  90°  or  more  can 
be  accomplished  with  little  difficulty.  I  also 
differ  with  him  as  to  the  probability  of  cars  "  up- 


ending "  on  grades  steeper  than  1  in  6,  we  have 
steeper  dumps  than  that  on  which  the  rope 
travels  at  a  speed  of  four  miles  per  hour.  His 
explanation  of  how  the  hooking  on  place  should 
be  laid  out  is  quite  correct,  although  on  the 
Rand  little  attention  is  given  to  the  point.  If 
hooking  on  places  are  laid  out  as  described,  and 
if  the  wheels  of  the  cars  have  a  wide  coupling  or 
base  the  liability  to  "  upend  "  is  greatly  reduced. 
One  advantage  of  the  side  rope  on  the  frame  is 
that  it  reduces  the  liability  of  "  upending,"  the 
rope  does  not  have  the  same  leverage  on  the  car. 
As  to  keeping  one  rail  of  the  track  higher  than 
the  other  to  get  the  rope  over  the  centre  line  of 
the  track,  this  is  not  necessary,  the  jockeys 
should  be  so  fixed  to  the  car,  that  the  rope  lies 
over  the  centre,  when  the  car  is  standing  on  a 
horizontal  base. 

I  heartily  endorse  his  remarks  about  disengag- 
ing frames,  tipping  and  righting  arrangements, 
and  commend  them  to  our  dump  men  and  cyanide 
managers ;  the  tipping  and  righting  arrange- 
ments should  also  appeal  to  mine  captains,  there 
is  scope  for  such  things  on  our  shaft  boxes  in 
most  mines.  As  to  the  side  rope  and  jockey 
method  of  haulage,  I  am  glad  he  considers  it 
economical  as  I  happen  to  be  the  inventor  and 
patentee  of  this  method.  I  have  not  described  it 
to  the  Society  as  it  would  have  looked  too  much 
like  advertisement,  considering  that  I  have  drawn 
royalty  for  twenty  installations.  I  put  this 
system  in  at  the  Rose  Deep  4h  years  ago. 

I  think  there  are  a  few  of  our  members  who 
can  speak  as  to  its  merits  or  otherwise.  I  see 
that  at  the  Premier  the  jockey  is  placed  at  the 
centre  of  the  length  of  the  frame,  between  the 
wheels  with  the  idea  that  the  trucks  would  get 
round  curves  easier.  It  was  not  necessary,  the 
jockeys  would  have  suited  if  placed  just  ahead  of 
the  front  wheels  as  is  usual  here  on  the  Rand.  The 
use  of  channels  would  have  solved  the  diffi- 
culty and  enabled  the  cars  to  get  around  sharper 
curves.  In  any  case,  I  think  it  would  have  been 
better  if  they  had  used  a  proper  birdcage  wheel 
at  the  curves  instead  of  the  arrangement  they 
did.  A  birdcage  wheel  is  a  series  of  small  rollers 
held  between  two  spiders  or  checks,  which  turn 
on  a  central  shaft,  the  small  rollers  in  contact 
with  the  rope  revolving  in  their  own  bearings. 
When  a  jockey  comes  against  the  first  roller  the 
whole  cage  revolves  on  the  central  shaft.  This 
arrangement  reduces  the  shock  and  jar  to  the 
rope  when  jockeys  are  passing  which  is  so  notice- 
able in  the  ordinary  arrangement. 

With  regard  to  endless  rope  haulage  under- 
ground, I  would  refer  members  to  some  remarks 
in  my  paper,  entitled  "Notes  on  Rand  Mining,"* 
the  discussion  and  the  answer  to  same. 

*  See  this  Journal,  vol.  viii.,  March,  1908.  p.  255,  et  seq. 
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Self-acting  inclines,  or  what  we  term  brake- 
roads,  otter  a  good  field  for  endless  rope  work, 
chains  being  used  to  attach  the  cars  to  the  rope. 
The  braking  wheel  could  be  placed  at  the  bottom 
of  the  incline  for  stope  work,  and  the  return 
wheel  placed  a  little  higher  up  the  stope  than  the 
highest  side  track.  .Side  tracks  would  be  50  ft.  or 
60  ft.  apart,  and  on  both  sides  of  the  incline 
tracks,  the  inclination  of  the  incline  track  would 
be  decreased  at  the  junction  with  the  side  tracks, 
bridge  rails,  tipping  platform,  and  slotted  plates 
or  other  means  used  for  turning  the  car  to  go  in 
the  required  direction.  In  working,  a  system  of 
signals  for  indicating  to  the  brakesman  and 
others  at  the  point  cars  are  being  attached  must  be 
devised,  and  these  may  be  either  coloured  lights  or 
bells.  Supposing  there  were,  say,  four  sets  of 
side  tracks,  and  at  No.  1  it  was  required  to  send 
a  loaded  car  down,  the  proper  signal  would  be 
given  and  returned,  the  car  would  be  pushed  on 
to  the  slotted  plates  the  chain  attached  taut  to 
the  car  and  rope,  the  car  turned  into  the  right 
direction  for  going  down  the  incline,  the  stop 
block  would  be  opened  and  the  signal  to  lower 
given.  Of  course  an  empty  car  would  have  already 
been  attached  to  the  rope  at  the  bottom  of  the 
incline.  On  lowering  the  full  car  this  empty  car 
would  be  drawn  up  to  No.  1  track  and  there 
taken  off,  and  the  rope  would  be  ready  for  letting 
down  the  next  car  from  whichever  side  track 
required. 

As  to  the  steepness  of  inclines  on  which 
ordinary  cars  can  be  handled,  I  was  roughly 
drawn  over  the  coals  by  one  of  the  contributors 
to  the  discussion  on  my  paper,  "  Notes  on  Min- 
ing," for  stating  that  cars  could  be  handled  on  an 
incline  of  45°.  As  I  stated  in  my  reply,  I  had 
myself  done  this,  and  since  then  I  find  that  others 
have  also  done  it  or  seen  it  done.  G.  L.  Kerr, 
in  his  book  on  mining,  mentions  working  on 
inclines,  from  10°  to  45°.  He  mentions  one  case 
at  Morton  Collieries,  Manchester,  of  an  incline 
2,900  ft.  long,  inclination  26°  to  39°,  with 
several  landings  to  hook  on  at,  swing  rails  being 
used  at  the  landings.  Then  A.  R.  Sawyer  says* 
it  was  formerly  the  general  custom  to  jig  down 
inclines  of  as  much  as  50°  with  ordinary  pit 
wagons.  In  the  district  Mr.  Sawyer  speaks  of,  I 
helped  to  put  in  an  endless  haulage  in  an  incline 
with  seven  pairs  of  levels  on  it,  at  which  they 
h<  oked  on,  the  rope  travelling  continuously.  I 
forget  the  inclination,  but  remember  one  part 
passing  through  a  fault,  where  steps  were 
required.  I  know  it  was  steep  enough  to  require 
tin'  cars  to  be  handled  in  pairs,  coupled  together 
short  so  that  one  would  Btop  the  other  from  "up- 
ending." The  incline  was  1,100  yards  in  length. 
( )f   course   all    the   loads    were  hooked-on  on  the 

•  Miscellaneous  Accidents  in  Mines,  p.  L32, 


one  side,  the  cars  passing  from  one  side  of  the 
incline  to  the  other,  through  a  passage  cut  in  the 
roof  of  the  incline.  One  point  deserving  notice, 
was  that  the  endless  chain  was  first  installed,  but 
the  engine  that  eventually  was  used  for  the  endless 
rope  could  not  move  the  endless  chain  when 
empty. 

The  Chairman  :  Mr.  Johnson,  as  usual,  has 
given  us  something  to  think  about,  something  we 
may  not  all  agree  with,  but  that  cannot  be 
expected  in  a  Society  like  ours. 


A  ROTARY  EXTRACTOR  FOR  PRECIOUS 
METALS  FROM  SOLUTIONS. 


(Bead  at  December  Meeting,  l'J<>U.) 

By  W.  D'Aecy  Lloyd   and    Eunest   T.  Lam. 
(Members). 

DISCUSSION. 

Mr.  A.  King  (Associate)  :  The  authors  of  this 
interesting  paper  certainly  deserve  every  praise 
for  the  rotary  extractor  which  they  have  so 
cleverly  devised.  I  have  not  seen  this  extractor 
at  work  so  I  am  scarcely  in  a  position  to  be  able 
to  fairly  criticise  the  mechanical  arrangements  ; 
but  according  to  the  sketch  the  baffle  plates  in 
the  settling  tanks  underneath  the  rotor  seem  to 
extend  so  far  down  that  the  force  of  solution 
passing  round  the  baffle  might  tend  to  prevent 
the  settlement  of  any  gold  slime  at  that  point, 
and  if  this  gold  slime  be  carried  round  past  the 
baffle  then  it  will  not  readily  settle  down  through 
the  solution  which  is  now  passing  upwards  to  the 
stand  pipe.  One  of  the  advantages  claimed  for 
this  extractor  is  that  there  is  a  saving  of  zinc  by 
using  clippings  instead  of  ordinary  filiform  zinc. 
This  does  not  seem  quite  clear  because  the  actual 
weight  of  zinc  used  in  packing  the  rotor  will  lie 
much  greater  if  clippings  be  used.  If  I  have 
taken  the  correct  meaning  of  that  part  of  the 
paper  where  the  authors  deal  with  this,  then  if 
the  rotor  be  packed  with  clippings  this  zinc  <  nght 
to  last  eleven  times  longer  than  if  filiform  zinc  be 
used.  The  extraction  results  which  are  given 
show  that  the  precipitation  is  not  so  good  with 
this  rotary  extractor  as  with  the  ordinary  station- 
ary extractor.  For  the  purj  lose  of  comparison  I 
will  quote  the  average  results  obtained  for  last 
month  at  Knights  Deep  where  the  extractors  are 
of  the  usual  kind  (see  table,  next  page)  : — 

Incidentally  1  might  mention  that  a  large 
number  of  the  assays  (which  are  made  daily)  of 
the  solution  leaving  our  extractors  only  showed 
traces  of  -old,  Put  in  making  up  the  above 
average  values  these  traces  wire  taken  at 
0010  dwt.  per  ton. 
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Strong 
Weak 

Slime 


Stationary  Extractor. 


Tons  of 

Solution 

per  cub.  ft. 

of  zinc 
per  24  hrs. 


1-40 
1-70 

2-00 


Value  nt 

Solution 

leaving', 

Iwt.  per  ton. 


o-oio 

0-012 
0013 


Rotary  Extk  igtor. 


Tons  of 
Solution 

per  cub.  ft. 
of  zinc 

per  -i  hrs. 


1-01 
1-84 
1-53 


Value  of 

Solution 

leaving', 

chvt.  per  ton. 


0-053 
0-029 
0-031 


By  comparing  these  results  with  those  obtained 
with  the  rotary  extractor  it  will  be  seen  that 
although  more  solution  was  precipitated  in  24 
hours  per  cubic  foot  of  zinc,  with  the  exception 
of  the  weak  solution  which  is  slightly  lower,  yet 
the  amount  of  gold  in  the  solutions  leaving  the 
extractors  is  much  lower  than  any  of  those  given 
by  the  authors  :  and  every  cyanide  worker  knows 
the  bad  effect  produced  on  sand  and  slime  residues 
and  on  second  wash  solutions  if  the  gold  contents 
of  solutions  leaving  the  boxes  be  high.  Before 
one  could  arrive  at  a  definite  conclusion  as  to 
whether  this  disadvantage,  which  the  rotary 
extractor  seems  to  have,  would  be  counter- 
balanced by  the  advantages  which  it  undoubtedly 
has,  a  few  more  details  would  require  to  be 
known.  Perhaps  in  their  reply  the  authors  may 
be  able  to  increase  the  value  of  this  already  very 
interesting  paper  by  giving  us  some  idea  of  what 
the  initial  and  working  costs  of  this  extractor 
might  be,  and  of  its  dimensions  and  capacity,  so 
that  a  closer  comparison  might  be  made  between 
it  and  the  ordinary  stationary  extractor. 

The  Chairman  :  I  think  we  may  congratu- 
late ourselves  upon  having  had  a  very  interesting 
first  meeting  of  the  year. 

The  meeting  then  closed. 


Obituary. 


HILARY     BAUERMAN. 

The  following  obituary  notice  by  one  of  our 
Corresponding  Members  of  Council  is  reprinted 
from  The  Mining  Journal  (London),  Dec.  18, 
1909. 

Mining  and  metallurgical  circles  both  at  home 
and  abroad,  and  many  branches  of  science,  have 
suffered  a  heavy  loss  through  the  death  of  Prof. 
Bauerman,  who  passed  away  on  Sunday,  the  5th, 
from  heart  failure  after  a  prolonged  illness. 
Associated  so  intimately  with  mining  and  metal- 
lurgy, both  from  the  purely  scientific  aspect  and 
from  the  practical  standpoint,  and  connected  as 
he  was,  almost  as  intimately,  with  the  study  of 


mineralogy  and  geology,  it  is  difficult  to  say 
which  will  feel  the  loss  most. 

His  astonishing  versatility  and  the  depth  of 
his  knowledge  ;  his  ability  to  impart  it  and  his 
willingness  to  give  the  benefit  of  his  experience 
to  those  who  sought  it  in  the  right  way,  are  well 
known  ;  but  only  those  who  had  the  opportunity 
of  meeting  him  frequently,  and  under  conditions 
other  than  those  where  business  alone  was  under 
consideration,  could  fully  appreciate  the  extent 
of  his  quiet  influence.  His  marvellous  memory, 
and  his  ability  to  use  it  at  the  right  moment,  and 
to  express  his  opinion  in  the  most  opposite 
though  sometimes  unexpectedly  emphatic  way, 
rendered  his  conversation  invariably  interesting 
and  his  advice  valuable. 

His  extensive  experience  at  home  and  abroad, 
extending  over  more  than  thirty  years  and 
embracing  a  great  variety  of  survey,  geological, 
and  metallurgical  work  through  most  of  the 
important  or  growing  mining  districts  of  the 
world,  excepting  Australia  and  New  Zealand,  gave 
him  opportunities  for  studying  countries  and 
people,  and  their  habits  and  languages,  of  which 
he  took  the  fullest  advantage. 

Bauerman's  professional  career  dates  from  1851, 
when,  at  18  years  of  age,  he  became  a  student  of 
"  The  Government  School  of  Mines  and  of  Science 
applied  to  the  Arts,"  where  he  studied  under 
Playfair,  Kamsay,  Forbes,  Warington  Smyth, 
Hunt,  and  Percy.  The  conditions  for  working 
were  very  different  from  those  now  existing.  A 
day's  work  often  commenced  at  7  in  the  morning 
and  lasted  until  midnight,  either  in  the  labora- 
tories, which  were  little  more  than  cellars,  or  at 
the  best  makeshifts,  or  at  the.  house  of  Percy, 
where  a  few  privileged  students  were  allowed  to 
study  his  minerals  and  assist  him  in  the  prepara- 
tion of  the  notes  from  which  "  Percy's  metal- 
lurgy "was  ultimately  evolved.  It  is  interesting 
to  note  that  the  manuscript  of  this  work  passed, 
on  the  death  of  Percy,  into  the  possession  of 
Bauerman,  and  was  presented  by  him  to  the 
Institution  of  Civil  Engineers. 

From  the  Government  School,  whose  title  was 
ultimately  changed  to  "  The  Boyal  School  of 
Mines,"  Bauerman,  who  may  thus  be  regarded  as 
our  first  lloyal  School  of  Mines-man  with  a 
record  of  fifty-eight  years,  proceeded  to  the  Frei- 
berg Mining  Academy,  whence,  after  three  years' 
further  study,  he  returned  in  1858  to  accept  a 
position  as  one  of  the  assistant  geologists  to  the 
Geological  Survey  of  Great  Britain.  He  was 
soon  transferred  to  the  North  American  Boundary 
Commission,  where  during  six  years,  he  did  much 
important  official  work,  including  the  delimitation 
of  the  Hudson  Bay  territory.  For  the  next 
twenty-five  years  he  was  engaged  in  Government 
ani  professional  work — geological,  mining,  and 
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metallurgical — in  Sweden  and  Norway,  in  various 
parts  of  the  United  States,  and  Mexico,  South 
America,  Egypt  and  Arabia,  and  in  many  parts 
of  the  European  continent.  His  experience  in 
England,  both  in  mining  and  metallurgy,  his 
actual  knowledge  of  the  principal  metallurgical 
works  and  processes,  and  his  personal  friendship 
with  those  in  control,  were  unequalled.  He  had 
the  entree  to  many  of  the  most  exclusive  works, 
and  took  advantage  of  it  to  show  to  parties  of  his 
Woolwich  students  and  others,  processes  and 
plant  which  few  were  privileged  to  see. 

As  a  teacher,  and  particularly  when  chatting 
or  demonstrating,  apart  from  his  official  "lectures," 
he  was  particularly  successful  both  with  the  cadets 
at  Woolwich,  who  admired  and  revered  him,  not 
withstanding  their  occasional  practical  jokes, 
from  which  they  usually  emerged  second  best ; 
with  the  practical  miner  and  metallurgist,  includ- 
ing his  workmen  students  at  the  Firth  College, 
Sheffield,  and  elsewhere,  and  with  his  personal 
friends  and  acquaintances. 

A  lengthy  list  might  be  given  of  his  published 
works  ;  of  his  contributions  to  the  transactions  of 
our  learned  and  technical  societies  ;  of  the  medals 
and  other  awards  which  he  received  from  the 
Institution  of  Civil  Engineers,  the  Institution 
of  Mining  and  Metallurgy,  the  Iron  and  Steel 
Institute,  etc.  ;  of  the  societies  of  which  he  was 
honorary  member  or  member  of  council  or 
committees  ;  of  the  innumerable  international 
exhibitions,  on  whose  committees  and  juries 
he  sat,  often  as  president  or  chairman  ; 
and  of  the  congresses  and  Parliamentary  com- 
mittees with  which  he  was  connected  :  but  the 
writer  is  content  to  say  that  no  one  could  have 
compressed  even  in  so  lengthy  and  active  a  pro- 
fessional career  more  solid  or  lasting  work.  The 
results  are  perpetuated,  either  in  his  published 
books  or  papers,  often  contributed  without  signa- 
ture to  the  technical  press,  or  in  the  memories  of 
his  friends. 

As  an  examiner,  he  was  peculiarly  unorthodox 
and  successful.  He  had  a  power  of  ascertaining 
what  a  student  really  knew,  or  whether  he  had 
been  "  crammed,"  which  was  almost  uncanny, 
and  his  power  frequently  caused  some  uneasiness 
to  such  friends  and  acquaintances  as  ventured  to 
join  issue  with  him  in  the  discussions  which  he 
delighted  to  initiate  or  continue.  His  ability  in 
this  respect  was  so  well  recognised  that  he  was 
for  a  great  number  of  years  examiner  to  the 
Civil  Service  Commissioners  for  the  appointment 
of  mine  inspectors ;  to  the  Science  and  Art 
Department  and  Board  of  Education  in  mining 
and  metallury,  and,  for  a  time,  in  mineralogy  ; 
and  an  examiner  of  mining  students  to  the  Royal 
School  of  Mines  and  the  Camborne  School  of 
Mines. 


Of  Bauerman's  personal  qualities  and  habits 
which  might  be  written  did  space  permit.  Trained 
under  Percy,  whose  mantle  and  rugged  persona 
lity  and  manner  seemed  to  have  been  bequeathed 
to  him,  Bauerman's  didactic  manner,  coupled  with 
the  fact  that,  even  to  the  very  end,  he  was  prac- 
tically always  right  on  matters  of  fact  or  deduc- 
tion and  seldom  wrong  on  questions  of  policy, 
gave  the  greatest  weight  to  his  opinion  and 
rendered  him  a  trusted  colleague  and,  to  the 
younger  generation,  a  most  valued  mentor. 

His  deafness,  which  existed  before  he  reached 
middle  age,  although  scarcely  noticeable  in  the 
earlier  years,  and  which  increased  as  time  pro- 
gressed, caused  him  to  be  often  misunderstood, 
and  limited  his  progress  in  many  directions  ;  but, 
although  many  public  honours  which  should 
have  been  his  passed  him  by,  few  men  occupied 
so  many  official  positions  or  were  members  of  so 
many  important  councils  or  committees.  Few  of 
our  congresses  passed  without  his  presence — he 
was  a  member  of  the  Metallurgical  Committee  of 
the  Seventh  International  Congress  of  Applied 
Chemistry,  held  in  London  this  year,  and  presi- 
dent of  a  section  of  the  Sixth  Congress  held  in 
Rome  three  years  ago  — and  most  of  our  Interna- 
tional Exhibitions  had  the  benefit  of  liis  experi 
ence  as  counsellor  or  juryman. 

From  the  Great  Exhibition  of  1851  to  the 
Franco-British  in  1908,  on  whose  metallurgical 
section  he  wrote  two  excellent  monographs. 
which  were  published  by  the  Iron  and  Steel 
Institute,  he  was  associated  with  most  of  the 
important  ones  at  home  and  abroad,  and  his  con- 
tribution to  the  published  jury  reports  of  that  of 
1851  was  probably  his  earliestserious  literary  effort. 

Although  Prof.  Bauerman  retired  from  official 
service  two  years  ago  when  he  resigned  his  posi- 
tion as  Professor  of  Metallurgy  at  the  Ordnance 
College  at  Woolwich,  he  continued  his  professi  >nal 
work  until  the  time  of  his  illness. 

To  so  active  a  man,  the  enforced  idleness  proved 
most  irksome,  but  he  bore  it  with  the  greatest 
fortitude,  and  constantly  expressed  his  pleasure 
at  seeing  and  hearing  from  his  friends,  and  his 
hope  of  some  day  joining  their  circle.  Even  his  in- 
creasing weakness  and  the  sleeplessness  which  was 
his  greatest  trial,  left  his  brain  clear,  and  almost 
his  last  words  referred  to  the  future  of  those  he 
was  leaving. 

On  the  morning  of  the  day  preceding  his 
death  he  expressed  a  desire  to  make  some  notes, 
saying  that  if  he  c  mid  do  some  "real  work" 
perhaps  rest  and  sleep  might  come  to  him.  From 
his  dictation,  a  review  of  a  book  which  had  been 
sent  to  him  was  taken  down  by  the  devoted  com- 
panion to  whom  he  owed  the  comforts  of  his  later 
years,  and  who  had  nursed  him  as  no  other  could 
have  done  throughout  his  illness, 
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On  the  following  day,  the  morning  of  Sunday, 
the  5th  inst.,  he  passed  away  peacefully  in  his 
sleep,  seated  in  his  favourite  chair,  which  had 
been  bequeathed  to  him  by  Percy,  the  old  friend 
under  whom  he  had  assayed  his  earliest  steps  in 
metallurgy,  whom  he  had  assisted,  with  others  of 
his  fellow  students,  in  the  preparation  of  "  Percy's 
Metallurgy,"  and  wdiom  he  had  succeeded  as 
Prof,  of  Metallurgy  at  Woolwich. 

The  death  of  Bauerman  will  be  deeply  felt  by 
many,  but  particularly  by  those  of  the  younger 
generation  to  whom  he  formed  a  link  between  the 
past  and  the  present,  and  through  whom  he 
looked  into  a  future  which  he  himself  could  not 
expect  to  share.  His  personal  friends  were 
many,  his  intimates  few,  but  all — even  his 
acquaintances — will  miss  the  familiar  personality 
whose  very  eccentricities  were  those  of  genius. 
Although  many  of  his  contemporaries  are  still 
with  us,  his  death  robs  us  of  another  veteran  of 
the  Royal  School  of  Mines,  whose  dignity  he  did 
so  much  to  maintain,  and  whose  individuality 
was  so  admirably  exemplified  in  him. 

G.  T.  Hollo  way. 


Notices  and  Abstracts  of  Articles  and 
Papers. 


CHEMISTRY. 

Chromite  Ore  from  the  Transvaal.— The  ore, 
said  to  have  been  obtained  near  Jachtlust,  consisted 
elderly  of  chromite  with  some  impurity  in  the  form 
of  pyroxene  and  felspar.  Three  lumps  had  only 
small  quantities  of  impurity  and  specific  gravity  was 
4*35,  the  fourth  lump  contained  much  impurity, 
nearly  all  pyroxene  had  a  specific  gravity  of  4-10. 
The  first  sample  on  analysis  yielded  Cr203  47 '0%, 
FeO  23'99%,  valued  at  65s.  per  ton  c.i.f.,  ana*  the 
second  Cr.20.s  38-4%,  FeO  2 1  -5%,  valued  at  50s.  per 
ton  c.i.f. — Bulletin  of  the  Imperial  Institute,  vol.  vii., 
No.  3,  1909,  p.  277.     (J.  A.  W.) 

Recent  Progress  in  Cyanidation  of  Gold.— 
"  In  the  treatment  of  auriferous  sand  by  potassium 
cyanide,  consumption  of  this  product  constitutes  the 
chief  expense.  Hence  the  numerous  researches  to 
reduce  the  amount  of  reagent  employed  to  a  minimum. 
Mr.  Nugel  made  experiments  with  a  view  to  deter- 
mine the  mode  of  dissolution  of  the  gold  in  double 
cyanide  of  potassium  and  zinc.  For  a  long  time  it 
had  been  noticed  that  the  solutions  of  double  cyanide 
of  potassium  and  zinc  only  containing  the  amount  of 
potassium  indicated  by  composition  of  the  double 
cyanide  dissolved  a  certain  percentage  of  gold.  From 
these  experiments  he  was  able  to  conclude  that  in 
these  solutions  of  double  cyanide  only  half  the 
cyanogen  reacts,  and  that  it  suffices  to  add  caustic 
soda  to  make  the  other  half  useful.  The  following 
foimula  represents  the  reaction  which  intervenes  to 
liberate  the  potassium  cyanide— ZnK2(CN)4+2KOB 
=Zn(OH)2+4KCN.  The  alkalinised  solutions  lixing 
oxygen  less  readily,  their  employment  was  very 
limited  until  the  day  when  tins  faculty  of  absorption 
was  increased  by   bubbling  air  through  these  solu- 


tions. This  bubbling  is  possible  with  double  cyanides 
less  decomposable  by  the  carbonic  acid  in  the  air 
than  potassium  cyanide.  According  to  the  Chemih  r 
Zeitung,  Mr.  Nugel  applied  this  process  at  the  works 
of  Abbontiakoon Block  I.,  Ltd.  Primitively  solutions 
containing  0'3%  cyanogen  were  employed  in  form  of 
potassium  cyanide  and  1'25%  double  cyanide.  He 
reduced  the  total  cyanogen  to  0'15%,  and  by  adding 
the  indicated  amount  of  caustic  potash  indicated  by 
the  previously  mentioned  reaction  obtained  an  excel- 
lent result.  With  half  less  consumption  of  reagent 
the  yield  of  gold  is  better  than  with  the  primitive 
processes.  Applied  in  Mexico  for  silver,  cost  of  treat- 
ing the  ore  was  greatly  decreased." — London  Minim/ 
Journal,  Sept.  11,  1909,  p.  356.     (A.  R.) 

Assay  of  Dressed  Tin  Ores. —  "There  are 
certain  points  in  connection  with  the  assay  of  dressed 
tin  ores  which  cannot  be  too  strongly  insisted  upon. 
They  are:  (1)  That  the  reporting  of  dry  assay 
buttons  of  metal  as  tin  is  worse  than  bad  assaying  : 
it  is  dishonest.  (2)  That  the  SnO.,  gravimetric  assay 
is  probablj-  the  worst  analytical  method  in  common 
use  in  inorganic  analysis.  (3)  That  the  omission  to 
effect  complete  solution  of  the  ore  as  an  essential 
part  of  any  method  makes  that  method  unsound,  not 
only  for  dressed  ores,  but  for  poor  material  such  as 
slimes  and  tailings.  (4)  That  the  use  of  direct  fusion 
assays  as  against  the  gas  reduction  method  involves 
the  possibility  of  low  results,  and  with  errors  of 
commercial  importance.  (5)  That  the  ferric  chloride 
titration  of  stannous  chloride  as  described  in  my  book 
is  the  best  and  soundest  method  of  determining  the 
tin. 

The  use  of  nickel  instead  of  iron  in  effecting  reduc- 
tion of  SnCl4  to  SnCk  for  iodine  titration  is,  in  my 
opinion,  a  source  of  possible  error,  as  nickel  reduces 
CuClo  to  Cu.2Cl.,  without  precipitating  the  copper  as 
iron  does,  in  which  case,  unless  enough  potassium 
iodide  is  added,  reversal  of  the  iodide  copper  reaction 
may  take  place  to  an  appreciable  extent,  the  iodine 
solution  being  reduced  and  Cu2I.2  and  CuCk  formed. 
In  any  case,  on  dressed  tin  ores,  the  use  of  the  iodine 
assay  is  an  unsound  procedure."  —  L.  Parry. — 
London  Mining  Journal,  Oct.  16;  1909,  p.  98.  (A.R.) 


The  Determination  of  Nickel  in  Presen-ceof 
Cobalt. — "J.  A.  Sanchez  {Bulletin  Sociiii  Chimique, 
pp.  641  to  647)  finds  that  when  a  neutral  solution  of 
cobalt  and  nickel  salts  is  treated  with  sufficient 
potassium  cyanide  to  re-dissolve  the  precipitate  first 
formed,  the  liquid  being  then  evaporated  to  dryness, 
the  potassium  cobaltocyanide  is  oxidised  to  the 
cobalticyanide,  the  potassium  nickelocyanide  remain- 
ing unchanged.  Since  the  cobalticyanide  forms  a 
sparingly  soluble  silver  salt,  the  method  may  be  em- 
ployed to  separate  cobalt  and  nickel.  The  sulphides 
of  these  metals  being  insoluble  in  warm  dilute  hydro- 
chloric acid,  can  be  separated  by  this  means  from  the 
other  metals  of  the  same  group,  and  after  being  dis- 
solved in  aqua  regia  and  evaporated  to  dryness,  are 
taken  up  with  water,  a  10%  solution  of  potassium 
cyanide  being  added  until  the  turbid  solution  becomes 
limpid.  After  evaporation  to  dryness,  the  residue  is 
taken  up  with  water  and  treated  with  an  excess  of 
silver  nitrate,  which  throws  down  silver  cyanide  and 
cobalticyanide.  1'he  filtrate  contains  all  the  nickel 
which  is  precipitated  as  sesquioxide  after  the  excess 
of  silver  has  been  removed  by  potassium  bromide. 
The  washed  precipitate  is  warmed  to  (in  to  7"  < '. 
with  a  little  water,  20  !  solution  of  potassium  iodide. 
and  20%  sulphuric  acid,  the  deposited  iodine  being 
titrated  with  110-A"  thiosulphate  solution.     Toesli- 
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mate  the  cobalt,  the  two  metals  are  thrown  down  as 
sesquioxides,  re-dissolved  in  hydrochloric  acid,  and 
the  cobalt  is  found  by  difference  after  the  determina- 
tion of  the  nickel." — London  Mining  Journal,  <  >ct.  2, 
1909,  p.  13.     (A.  K.) 


METALLURGY. 

Zinc  Smelting.— "Pure  zinc  sulphide  can  be 
roasted  completely  to  zinc  oxide,  provided  the  con- 
ditions are  such  as  enable  the  resulting  zinc  sulphate 
to  undergo  decomposition  and  allow  free  escape  to 
the  sulphur  dioxide  or  trioxide  formed.  The  im- 
perfect elimination  of  sulphur  in  roasting  blende  is 
due — apart  from  incomplete  decomposition  of  the 
zinc  sulphate — to  the  presence  of  iron,  either  as 
oxide  (which  forms  ferrous  sulphide,  and  also  prevents 
the  roasting  of  a  portion  of  the  zinc  sulphide,  causing 
a  loss  of  6%  of  sulphur),  or  as  pyrites,  which,  in  spite 
of  the  presence  of  a  large  proportion  of  calcium 
carbonate,  checks  the  formation  of  sulphate  and 
gives  a  loss  of  dh%  of  sulphur.  A  still  more  injurious 
effect  is  due  to  calcium  carbonate,  which  is  trans- 
formed into  sulphate,  and  causes  a  loss  of  12%  of 
sulphur.  In  reduction  distillation,  a  portion  of  the 
calcium  sulphide  formed  by  the  reduction  of  calcium 
sulphate,  reacts  on  the  latter  to  form  lime.  The 
metallic  sulphides  are  attacked  by  the  carbon,  a 
portion  of  the  zinc  sulphide  being  volatilised,  and  the 
ferrous  sulphide  still  more  strongly  affected.  In  the 
inutile,  with  exclusion  of  air,  2  molecules  of  ferric 
oxide  react  on  4  molecules  of  zinc  sulphide,  the 
simultaneous  presence  of  carbon  leading  to  the 
formation  of  metallic  iron  and  zinc,  together  with 
carbon  monoxide  and  carbon  disulphide,  this  sub- 
stance being  also  formed  during  the  reaction  of 
carbon  on  zinc  and  iron  sulphides.  In  the  presence 
of  zinc  oxide,  ferrous  oxide  and  manganous  oxide, 
no  calcium  sulphide  results  from  the  reaction  of 
carbon  on  calcium  sulphate,  lime  being  alone  pro- 
duced. The  practical  conclusions  drawn  are  to  the 
effect  that,  whilst  the  iron  almost  invariably  present 
in  zinc  blende  has  a  slightly  injurious  effect  by  pre- 
venting the  roasting  of  a  small  portion  of  the  zinc 
sulphide,  it  is  very  useful  in  zinc  smelting  when 
present  in  the  form  of  ferric  oxide.  The  reasons  for 
this  arc,  firstly,  that  it  reduces  to  the  condition  of 
oxide  any  of  the  zinc  sulphide  that  has  escaped 
roasting,  and  thus  renders  the  same  accessible 
to  the  processes  of  reduction  and  distillation  ; 
and,  secondly,  because  it  lixes  the  sulphur  result- 
ing from  the  reduction  of  calcium  sulphate, 
and  prevents  the  same  from  combining  with 
zinc.  Consequently,  in  order  to  increase  the  yield 
pf  zinc,  it  is  advisable  to  add  ferric  oxide  when 
charging  the  mnffle  in  the  case  of  roasted  calcareous 
blende.  On  the  other  hand,  the  necessity  for  such 
addition  could  be  obviated  by  eliminating  the  greater 
portion  of  the  lime  from  the  ore  previous  to  roasting 
— if  possible,  concurrently  with  the  washing  of  the 
ore.  In  such  case  the  roasted  blende  would  be  as 
simple  to  treat  as  roasted  calamine,  the  amount  of 
ferric  oxide  in  the  ore  being  sufficient,  in  the  absence 
of  calcium  sulphate,  to  convert  any  unroasted 
zinc  sulphide  into  zinc  oxide,  and  render  it  available 
for  reduction  to  metal.  No  appreciable  increase  in 
the  yield  of  zinc  can  be  expected  to  result  from  the 

diminution  of  the  percentage  of  sulphide  sulphur,  so 
long  as  no  measures  have  been  taken  beforehand  to 
prevent  the  formation  of  sulphate  sulphur,  the  lattci 
being  transformed  into  the  former  in  larger  quantities 

as   soon   as   the    reduction    process    begins,   and   coin 

bining  with  the  metal  and  not  with  the  calcium. 

Hence,  more  extensive  roasting  would  merely  increase 


the  cost  and  lengthen  the  process,  without  any 
appreciable  increase  in  the  production  of  zinc. — A  . 
LEPIARCZK. — Metallurgie,  July  8,  1909,  p.  :J2(i. 
(G.  II.  S.) 


ORK    DrKSSING     IX     THE     UNITED     STATES     AND 

Mexico. — "  Occasionally  gold  quartz  ores  of  work- 
able grade  are  found,  whose  tailings,  after  amalga- 
mation, do  not  carry  sufficient  value  to  warrant 
either  cyaniding  or  concentration.  Such  condition- 
are  infrequent,  however,  and  usually  only  temporary. 

In  general,  nowadays,  the  tailings  fiom  amalga- 
mation are  given  subsequent  treatment  over  stratify- 
ing tables,  vanners  or  canvas  or  all  these,  for  the 
recovery  of  sulphides,  the  sulphides  being  either 
shipped  to  the  smelter,  roasted  and  chlorinated,  or 
finely  ground  and  cyanided. 

Where  the  tailings,  even  after  careful  concentra- 
tion, carry  sufficient  gold  or  silver  to  warrant  further 
treatment,  cyaniding  is  usually  found  applicable  as  a 
supplementary  process. 

Frequently  where  cyaniding  has  been  employed  as 
an  adjunct  in  this  way  to  an  amalgamation  concen- 
trating process,  it  is  in  time  found  profitable  to  dis- 
continue amalgamation  and  run  as  a  straight  con- 
centrating cyaniding  process,  with  crushing  in  KCy 
solution.  The  decision  as  to  this  practice  Mill 
depend  on  the  amount  of  amalgamabfe  gold  and  to 
what  extent  the  advantage  of  catching  part  of  the 
gold  early  in  the  treatment,  possibly  with  a  slightly 
higher  total  recovery,  offsets  the  added  expense  of 
amalgamation,  coupled  with  the  necessity  of  sub- 
sequent pulp  thickening  before  adding  KCy  solution 
and  of  wasting  larger  volumes  of  weak  KCy  solution 
than  when  crushing  in  solution. 

The  Dos  Estrallos  mill  at  El  Oro,  Mexico,  is  an 
illustration  of  this  transition  in  treatment  methods, 
in  that  it  started  oil'  as  a  pan  amalgamation  mill, 
then  as  a  cyaniding  plant  with  amalgamation  dis- 
continue.!, and  later  crushing  in  KCy  solution  was 
adopted. 

At  the  Hoinestake  of  South  Dakota  on  the  other 
hand,  where,  some  years  ago,  cyaniding  was  added 
as  a  supplement  to  the  simple  amalgamation  treat 
ment,  it  still  serves  only  as  a  supplement  crushing  in 
water  along  with  amalgamation  being  practised  the 
same  as  previously. 

One  of  the  best  examples  of  the  combined  amalga- 
mation— concentration — cyaniding  system  of  treat 
mentis  probably  found  in  the  recently  constructed 
mill  of  the  Gold  Held  Consolidated  Company,  amalga- 
mation being  carried  out  at  this  plant  both  on  the 
battery  discharge  and  on  the  reground  sands  after 
passing  through  tube  mills,  with  subsequent  con- 
centration of  all  slime  over  No.  3  Deiater  tables 
before  de- watering  and  addition  of  cyanide  solution. 

Equipment.  Neglecting  for  the  presenl  thecyanid 
ing  feature  which  will  be  considered  more  in  detail 
under  the  '  Cyaniding  ( iroup,'  the  equipment  of  mills 

coining  under  the  'Amalgamation  Group9  presents 

much  of  a  sameness. 

The  initial  crushing  machinery  may  vary  a  little 
ami  be  either  gyratory  or  some  of  the  various  jaw 
(•rushers  of  the  Blake  type,  but  almost  invariably 
the  subsequent  crushing  is  done  by  stamps.  The 
tendency    is   in   general    toward    heavier  stamps,  but 

outside  of  this  and  such  lesser  features  as  individual 

stamp    guides,    concrete    mortar    Mocks,    etc..    there 

have  been  no  important  changes  in  the  design  of 
stamp  batteries  in  recent  years. 

An  exception  to  this  statement  is  found  in  the 
Nissen  stamp,  with  its  circular  individual  mortar, 
hut    this    has    bo    far    found    its  best  application    in 
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crushing  finely  disseminated  concentrating  ores  and 
will  be  considered  under  the  '  Concentration  Group.' 

For  concentration  after  amalgamation,  hydraulic 
<>r  surface  classifiers  are  usually  used,  one  or  more 
sizes  made  from  the  sands  for  concentration  over 
stratifying  tables,  and  the  slime  thickened  and  sent 
to  vanners,  No.  3  Deister,  or  some  of  the  various 
other  slimers  now  manufactured.  Sometimes,  par- 
ticularly in  California,  mechanical  concentrators  are 
not  used  on  the  tailings  after  amalgamation,  but  the 
total  tailings  are  sent  over  canvas  tables  of  varying 
slope  with  intermittent  washing  oil'  of  the  concen- 
trates. 

Cyaniding  Group. — The  cyaniding  ores  of  the 
United  States,  as  so  far  treated,  with  a  few  notable 
exceptions,  have  been  largely  gold,  the  silver  being 
of  lesser  value  ;  as  a  consequence  a  large  number  of 
the  milling  plants  come  under  the  amalganiation- 
cyaniding  class  of  treatment,  instead  of  the  straight 
cyaniding  here  considered. 

In  Mexico,  on  the  other  hand,  where  the  ores  in 
general  contain  relatively  large  silver  values,  amalga- 
mation is  rarely  practiced  in  conjunction  with 
cyaniding,  and  ait  most  plants  in  Mexico  crushing  is 
now  done  in  cyanide  solution. 

Until  some  five  years  ago,  slime  in  connection 
with  cyaniding  was  as  undesirable  as  is  still  the  case 
in  strictly  concentrating  ore«.  About  this  time, 
however,  the  El  Oro  Mining  and  Railway  Company 
began  extensive  experiments  *  looking  to  an  im- 
provement over  the  low  extractions  from  leaching 
battery  sands,  and  demonstrated  conclusively  that  a 
large  portion  of  the  gold  value  of  these  sands  was 
silica-encased,  and  this  was  not  released  for  dis- 
solution by  cyaniding  until  the  ore  was  ground  to 
approximately  150  mesh.  These  experiments  also 
showed  that  by  fine  grinding  not  only  was  the 
extraction  increased,  but  the  period  of  treatment 
shortened. 

El  Oro  was  the  pioneer  in  the  use  of  tube  mills  on 
an  extensive  scale  for  fine  grinding  in  connection 
with  the  cyaniding  process,  and  from  the  success  at 
this  camp  with  gold-silver  ores  the  cyaniding  of  more 
distinctively  silver  ores  was  developed  at  Guanajuato 
and  at  Pachuca. 

Higher  percentage  extractions  can  be  made  on  a 
given  ore  in  the  condition  of  slime  than  as  sand 
suitable  for  leaching,  and  for  this  reason  wherever 
the  gold-silver  values  of  the  ore  justify  the  extra 
expense,  cost  of  power,  etc  ,  duly  considered,  not 
only  finer  grinding,  but  all  sliming  is  usually  adopted 
as  the  process  giving  maximum  profit. 

This  is  the  process  at  most  of  the  plants  of  El  Oro 
and  Pachuca  ;  it  is  also  the  process  contemplated  for 
a  large  plant  now  being  figured  on  at  Guanajuato 
In  the  United  States,  the  Montana-Tonapah  and  the 
recently  constructed  Goldfield  Consolidated  are  on 
this  all  sliming  basis  of  treatment,  and  at  the 
Homestake  Mining  Company's  large  plants,  treating 
both  sand  and  slime,  regrinding  of  the  coarser  of 
the  sands  now  being  leached  is  being  adopted, 
necessitating  additions  to  the  slime  treatment  plant. 

In  the  matter  of  concentration  before  cyaniding, 
much  variation  in  practice  is  found.  Some  plants 
cyanide  direct  without  removal  of  sulphides,  experi- 
ence with  their  ore  leading  them  to  decide  that 
though  a  slightly  higher  percentage  recoveiy  of  the 
gold-silver  values  in  the  concentrates  might  be 
obtained  by  their  ren  oval  and  separate  treatment  by 

*  " The  Cyaniding  of  Ore  at  E]  Oro,"  Trans.  Inst.  «i  Min.  .0 
.1/,'/.,  (let.,  luiu.  "Fine  Grinding  of  ore  by  Tube  Mills  and 
Cyanidingat  El  Oro,  Mexico,"  Trans.  A.I.M.E..  Vol.  XXXVII, 


smelting  or  cyaniding  with  stronger  solutions,  finer 
grinding  and  longer  treatment,  jet  in  commercial 
results  it  was  more  profitable  to  adopt  the  simpler 
treatment  system  with  the  slightly  lower  recovery 
of  the  value  in  the  sulphide. 

Some  plants,  on  the  other  hand,  concentrate  the 
battery  discharge,  either  sand  only  or  sand  and 
slime,  and  still  others,  with  higher  grade  more 
refractory  sulphide,  find  it  profitable  to  go  into  the 
matter  still  further  and  concentrate  also  the  slime 
resulting  from  tuhe  mill  grinding  of  the  concentrated 
battery  sand. 

Equipment. — The  modern  cyanide  plant  on  an  all 
sliming  basis  usually  staits  oil'  with  gyratory  or  jaw 
crushers,  followed  by  stamps  crushing  in  solution. 
The  battery  discharge  is  classified  into  slime  for 
further  treatment  and  sand  for  regrinding  either  by 
cones,  or  in  the  mote  recent  plaids  by  mechanical 
classifiers.  The  sand  thus  delivered  is  thickened  for 
regrinding  in  tube  mills. 

The  tube  mills  themselves  are  usually  trunnion 
type  or  trunnion  bearing  at  feed  end,  with  tire  on 
roller  supports  at  discharge  end,  thus  permitting  a 
large  discharge  throat  into  which  can  be  shoveled 
pebbles  or  mine  ore  for  similar  purpose,  using  a 
reverse  worm  in  feeding,  coupled  with  a  baffle  plate 
of  the  Neal  type  in  discharge.  The  lining  is  usually 
of  the  El  Oro  ribbed  type.  The  usual  trunnion  feed 
has  been  a  fixed  pipe  with  stuffing  box,  but  of  late 
at  many  plants  a  smaller  curved  pipe  has  been  used, 
which  fits  loosely  into  a  round  hole  of  larger 
diameter  in  the  vertical  plate  covering  of  the  feed 
end.  Through  this  the  feed  is  projected  as  a  jet 
into  the  null. 

The  final  slime  is  then  agitated,  either  by  revolving 
arms  in  round  tanks  of  moderate  depth  with  or 
without  the  aid  of  centrifugal  pumps,  or  more 
recently  by  tall  Pachuca  tanks.  These  latter  employ 
a  central  tube  for  agitating  by  the  air  lift  principle. 
They  were  originally  designed  in  New  Zealand  and 
have  within  the  last  year  or  two  been  adopted  by 
many  of  the  newer  plants. 

For  filtering  the  treated  slime,  either  with  or 
without  previous  washing  by  decantation,  vacuum 
filters,  pressure  filters,  or  filter  presses  are  used.  Of 
the  vacuum  filters  the  type  most  largely  used  is  the 
Butters  or  Moore  ;  of  the  pressure  filters,  the  Burt, 
and  of  filter  presses  the  only  one  used  is  the  Merrill 
sluicing  discharge  type. 

The  initial  and  the  largest  Merrill  filter  press 
installation  is  at  Deadwood,  S.D.,  where  26-96  frame 
presses  handle  1,500  tons  per  day  of  Homestake 
slime.  This  is  a  rather  crystalline  slime  and  enables 
a  porous  cake  to  be  made  with  frames  of  4  in. 
thickness. 

It  was  not  thought  that  slime  of  flocculent 
character  could  be  satisfactorily  filtered  and  washed 
in  such  a  press  as  a  commercial  proposition,  but 
within  the  past  year  experiments  have  shown  it 
entirely  feasible  to  fill  the  frame  only  about  SO  per 
cent,  full,  leaving  a  thin  centre  parting  through 
which  washing  can  proceed  both  ways  through  the 
cake.  This  is  the  system  employed  at  Silver  Peak, 
using  3  in.  frames,  and  will  also  be  employed  for  a 
certain  (lass  of  slime  at  the  new  Esperanza  plant  at 
El  Oro.  The  standard  4  in.  Merrill  frame  will  be 
used,  however,  for  the  reground  sand  slime. 

For  precipitation,  zinc  shavings  is  still  the  usual 
method,  returning  short  zinc  to  the  boxes  and 
omitting  acid  treatment.  Precipitation  by  zinc 
dust  is,  however,  gaining  in  favour,  and  whenever 
acid  treatment  of  the  zinc  dust  precipitate  can  be 
dispensed  with  its  use  will  show  an  economy,  both 
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in  labour  and  in  supplies  over  the  shaving  method, 
coupled  with  equal  metallurgical  results: 

For  the  average  cyaniding  ores,  say  of  Nevada, 
and  particularly  Mexico,  the  amount  of  gold  and 
silver  present  in  the  ore  and  therefore  in  the 
pregnant  solution  is  sufficient  to  insure  a  low  ratio 
of  zinc  consumption  to  bullion,  say  not  over  4:  1, 
and  in  such  case  the  cakes  of  precipitate  from  the 
press  can  be  melted  direct  without  the  above-men- 
tioned acid  treatment. 

Chlorination.—A  considerable  tonnage  of  telluride 
ores  is  handled  in  Colorado  by  chlorination,  although 
cyaniding  is  competing  with  it  to  a  considerable 
extent.  Outside  of  these,  chlorination  is  little  used, 
except  for  the  local  treatment  here  and  there  of 
concentrate  from  amalgamating  plants. 

Lixiviation  treatment  of  silver  ores  b\  hyposulphite 
solutions  has  been  in  recent  years  almost  entirely 
displaced  by  cyaniding. 

Leaching  of  oxidized  copper  ores  by  acids  or 
solutions  of  metallic  salts  has  been  used  to  some 
extent,  for  example,  at  the  Arizona  Copper  Co., 
Clifton,  Arizona,  and  the  Snowstorm,  Coeur  d'Ah  ne, 
Idaho,  but  the  application  of  such  treatment  is 
rather  limited. 

Flotation  processes  of  the  Broken  Hill  type,  using 
acid  or  acid  salts  solutions  have  as  yet  not  passed 
the  experimental  stage  in  this  country  and  Mexico. 
The  same  may  also  be  said  of  the  Elmore  oil  and  oil 
vacuum  processes. 

Some  interest  has  been  aroused  by  the  flotation  of 
sulphides  on  water  by  the  use  of  Macquisten  tubes 
with  internal  helical  grooves  at  the  Adelaide  plant 
in  Nevada,  and  it  is  possible  this  process  has  a  field 
in  the  separation  of  sulphides  from  gangues  of  heavy 
specific  gravity-  say  garnet  gangues,  where  water 
<• :entration  dots  not  make  a  satisfactory  separa- 
tion. 

Magnetic  processes,  in  addition  to  iron  ores,  have 
found  extended  application  in  the  separation  of  zinc 
blende  from  iron  or  iron  and  copper  sulphides,  either 
by  removing  the  blende  from  the  raw  sulphides  or 
the  sulphides  after  a  slight  roast  from  the  blende. 
The  Wetherill  belt  type  and  rotary,  the  International 
rotary,  the  Ding  and  the  Cleveland-Knowles,  are 
at  present  the  more  usual  machines  for  these 
separations. 

Static  separators  of  the  Blake-Morscher  or  S.S.  &  S. 
t\  | M-  are  sometimes  used  for  similar  separations. 

The  Sutton,  Steele  i\  Steele  Dry  Concentrator 
does  very  fair  work  where  for  any  reason  it  is  not 
possible  to  use  water  concentration.  Where  the 
feed  is  very  closely  sized  by  screening  this  table 
yields  rather  better  results  in  the  separation  of 
minerals  of  close  specific  gravities  say  blende  from 
iron  and  copper  suiphides.  The  separated  products 
are  then  treated  by  the  usual  water  concentration 
by  tah'.es  of  the  Willley  type,  ('lose  sizing  by  fine 
screens,  where  any  considerable  tonnage  is  handled 
presents,  however,  many  difficulties."—  II.  A.  Guess. 

Proc.  "/'/In  Colorado  Scientific  Society,  Sept.,  1909, 
p.  2B6.     (II.  A.  W.) 


Construction  and  Operation  "i    the  Stamp 
Milt,.-   Stamp  Duty.     Power  consumption,  which  is 

tUOSt     ecoi ical    when    the    weight    of   stamp   is   as 

greal  and  the  drop  as  low  as  practice  will  allow,  is 
not  a  factor  guiding  the  operation  of  a  mill,  hut 
rather  the  dutj  pel  stamp  is  looked  to.  and  this  is 
contro  led  by  the  capacity  of  the  mill  to  perform  two 
distinct  functions:  firstly,  to  reduce  the  ore  lo  the 
required  fineness  by  ciushing,  and  secondly,  to  expel 
the   pulp   through    the   BCreen  ;  and   it  is  a  fact    that 


the  first  operation  is  performed  more  effectively  than 
the  second.  An  examination  by  grading  the  pulp 
which  has  passed  the  screen  will  show  that  a  large 
poll  ion  of  the  sands,  varying  from  40  per  cent,  to  60 
percent.,  is  ground  much  finer  than  the  correspond- 
ing screen  openings,  proving  that  unnecessary  work 
is  taking  place  due  to  excessive  crushing  (a).  There- 
fore, in  endeavouring  to  attain  the  highest  stamp 
duty,  the  speed  and  height  of  drop  of  stamps  must 
he  arranged  to  give  the  largest  capacity  oi  screen 
discharge.  Further  reference  to  these  points  will  be 
made  subsequently. 

Vibration.  —  In  a  stamp  mill  two  sets  of  vibrations 
are  set  up  ;  one,  caused  by  the  impact  of  the  stamp 
dropping  on  the  ore  overlying  the  die.  ami  the  other 
when  the  tappet,  in  the  act  of  raising  the  stamp, 
sti  ikes  the  cam.  The  first  set,  which  is  unavoidable, 
is  confined  in  its  effects  mainly  to  the  mortar  box 
and  pile  block,  and  any  attempt  to  reduce  it,  addi- 
tional to  exist ing  provisions,  would  result  in  loss  of 
efficiency.  The  second  set  of  vibrations  is  more 
widely  distributed  over  the  structuic,  and  more 
harmful  in  its  effects  ;  it  is  transmitted  by  the  king- 
post direct  to  the  sills  causing  them  to  spring,  and 
it  is  the  chief  cause  of  all  trouble  in  the  mill  with 
nuts  and  holts.  Though  demanding  full  attention, 
little  has  been  done  in  the  way  of  minimising  this 
trouble.  Where  kin-posts  rest  in  cast-iron  sh<  es  a 
rubber  cushion  is  placed  under  the  foot  of  the  post, 
and  where  a  similar  cushion  inserted  between  the 
camshaft  box  and  its  seat  vibration  would  be 
absorbed  at  a  point  where  the  most  good  could  he 
effected. 

Framing. — With  the  usual  type  of  mill  at  work 
to-day,  the  weakest  point  in  the  design  of  the 
flaming  is  the  method  of  carrying  the  king  post  on 
the  strake-sill.  The  strake-sill  has  to  bridge  the 
distance  between  the  mud-sills  lying  on  either  side 
of  the  pile  block,  and  there  is  wanting,  as  a  con- 
sequence, the  necessary  stillness  and  rigidity  at  this 
point.  The  vibration  transmitted  by  the  king  post, 
already  referred  to,  causes  the  strake-sill  to  spring, 
with  an  incieasing  bail  effect  on  the  whole  structure. 
Various"  attempts  have  been  made  lo  overcome  this 
difficulty:  (1)  By  placing  an  additional  thickness  of 
strake-sill  under  the  king-post  :  (2)  by  extending  the 
pile  block  lengthwise,  so  that  the  section  of  strake- 
sill  carrying  the  king  post  may  receive  direct  support 
therefrom  ;  (3)  by  extending  the  king-post  to  the 
bottom  of  the  pile  pit.  In  some  recent  nulls  the 
king-post  is  cairied  on  a  rubber  cushion  in  a  cast- 
iron  shoe.  The  shoe  is  secured  to  a  concrete  founda- 
tion built  up  between  the  pile  blocks  of  adjoining 
sets  of  stamps,  or,  in  place  of  an  iron  shoe,  a  short 
hard-wood  sill  may  be  substituted.  Where,  instead 
of  wood  piles,  concrete  foundations  (6)  are  used,  the 
block  is  extended  out  to  cany  the  foot  of  the  king- 
post. By  the  adoption  of  either  of  these  last-men- 
tioned methods  a  great  improvement  in  the  running 
of  the  mill  is  obtained,  and  the  cost  of  many  heavy 
wood  sills,  always  in  a  state  of  deterioration,  is  at 
the  same  time  saved.  The  countershaft  bearings 
then   can    with   advantage   be  carried   on    separate 

concrete   blocks,    and    the   ore    bin    foundations  built 
quite  independently  of  the  mill  framing     as.  in  fact, 
t  hey  alwaj  s  should  he. 
Bolts. — The  most   important   bolts  in  the  mill  are 

I  hose    holding  i low  n   t  he  1 tar  1  o\   to  the  pile   block 

and  the  king-post    to  the  strake-sill.     Thelongevity 

of    the    mill    depends    on    the    kingpost    bolls    being 

maintained  in  good  order,  with  the  nuts  tight.  In 
man]  cases  these  bolts  are  so  placed  as  to  be  difficult 

of  access  ;  they   are   consequently    liable   to  neglect, 
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with  the  result  that  the  mill  may  be  thrown  out  of 
centre  and  the  true  alignment  of  the  stems  affected. 
The  mortal  box  bolts  are  often  smashed  by  mill  water- 
mains  and  other  avoidable  obstructions  ;and  the  posi- 
tion of  the  king-post  bolts  is  too  confined  to  allow  a 
spanner  to  be  used  on  the  nuts  with  proper  effect. 
The  latter  bolts  are  best  made  in  two  lengths  and 
joined  in  the  middle  with  hooked  ends.  This 
method  enables  a  defective  screwed  end  to  be 
replaced  by  unhooking  the  upper  half  of  the  bolt, 
instead  of  having  to  dig  down  into  the  foundations 
as  would  he  the  case  -with  a  solid  bolt.  The  king- 
post is  best  held  down  to  the  strake-sili  by  bolts 
attached  to  a  heavy  yoke,  which  should  be  fixed  at  a 
height  clear  above  the  feeder  platform  (instead  of 
nnderneatb,  as  is  usually  done)  ;  in  this  way  the 
nuts  of  the  bolts  are  always  in  sight  and  accessible 
with  a  heavy  spanner  (c). 

Centre  Marks. — With  the  narrow  mortar  boxes 
now  in  use  and  the  consequent  small  clearance,  hack 
and  front,  for  shoes  and  dies,  it  is  advisable  to  have 
permanent  marks,  such  as  brass  arrows,  let  into  the 
king-posts  and  guide-beams,  in  order  to  denote  the 
exact  stem  centres  both  lengthwise  and  crosswise  of 
the  mill.  By  this  means  the  original  centres  are 
always  maintained,  and  work  is  facilitated  when 
'  taking  up  '  the  wear  in  the  guide  blocks. 

Screens  and  Discharge  Area. — Seeing  that  the  duty 
per  stamp  is  controlled  by  the  capacity  of  the  screen 
to  discharge  the  crushed  product,  it  may  be  wondered 
why  no  attempts  are  made  to  increase  the  screen 
area.  Years  ago,  boxes  with  double  discharge  were 
tried  with  not  very  encouraging  results;  mill  men 
were  not  in  favour  of  this  arrangement  on  account 
of  the  inaccessibility  of  the  back  screen.  From  its 
position  it  was  more  liable  to  damage  than  the  front 
screen,  and  the  consecpient  loss  of  time  in  renewal 
counterbalanced  the  extra  discharge  gained  while  in 
use.  Also,  the  table  had  to  be  lowered  into  a  more 
inconvenient  position  in  relation  to  the  lip  of  the 
mortar,  in  order  to  receive  the  tlow  from  the  back  of 
the  box. 

\\  it li ,  in  some  recent  arrangements,  the  abolition 
of  the  amalgamating  table,  or  even  the  removal  of 
the  table  from  actual  proximity  to  the  mortar,  this 
latter  difficulty  disappears,  and  the  damage  formerly 
caused  to  the  back  screen  due,  chiefly,  to  large 
lumps  of  rock  finding  their  way  into  the  box,  would 
be  minimised,  now  that  so  much  attention  is  devoted 
to  the  sizing  and  regularity  of  the  feed.  As  to  in- 
accessibility, this  could  be  materially  remedied  in 
the  original  designing  of  the  mill.  For  the  back 
screen,  a  high  discharge,  say  6  in.,  would  be  neces- 
sary to  avOid  banking  against  bottom  edge  of  screen 
under  the  feed  shoot.  Tinder  these  altered  conditions 
it  is  quite  probable  that  a  trial  would  show  an 
increased  tonnage  in  a  box  provided  with  screens 
back  and  front. 

Mortar  Boxes.  —Boxes  are  now  made  as  narrow  as 
possible,  with  corners  rounded  in  order  to  avoid 
waste  spaces.  The  inside  depth,  measuring  down 
from  the  screen  opening,  varies  from  4  in.  to!)  in.  ; 
the  shallow  box  has  the  advantage  that  the  height 
of   discharge    may    be    regulated    by    chuck-blocks 

(dated  under  the  screen  frame  :  whereas,  in  a  deep 
jox,  wear  has  to  be  compensated  by  packing  up  the 
dies. 

Liners.  -Mortar  box  liners  are  made  of  hard  cast 
iron,  mild  or  cast  steel,  and  lately  of  manganese 
steel.  .Many  liners  still  supplied  are  ol  poor  design 
and  awkward  to  fix  and  renew.  A  proper  set  of 
liners  should  be  interlocking  and  self-supporting  ; 
they  require  but  one  hardwood  wedge  to  be   driven 


down  at  either  end  of  box  to  keep  them  fast  and 
secure.  A  complete  set  of  such  liners  can  be  re- 
newed within  in  minutes  from  the  time  the  dies  are 
removed  from  the  box.  Liners  should  not  extend 
below  the  level  of  the  false  bottoms. 

Height  of  Discharge. — The  height  of  discharge 
should  be  just  so  short  as  to  avoid  banking  of  sands 
against  lower  edge  of  screen  :  say.  from  1\  in.  to 
2h  in.  above  top  of  dies,  according  to  depth  of  feed 
employed.  On  many  of  the  small  mines  in  Rhodesia 
where  the  gold  is  coarse  and  free,  inside  amalga- 
mation is  in  use,  and  lightly  SO  ;  in  such  cases  the 
height  of  discharge  can  be  slightly  increased  with 
advantage  to  allow  more  time  for  intimate  contact 
of  the  gold  with  mercury. 

Shoes  and  Dies. — Dies  should  be  turned  about  once 
in  two  weeks  in  order  to  equalise  the  wear  :  the 
highest  edge  should  then  be  placed  at  the  back  of 
the  box.  Dies  and  shoes  should  be  so  proportioned 
that  they  wear  out  simultaneously  ;  a  7  in.  die  will 
usually  last  out  a  12  in.  shoe. 

Speed  and  Droo. — The  best  results  are  obtained 
with  a  speed  of  95  to  105  drops  per  minute  with  a 
corresponding  fall  of  8J  in.  to  6 in.,  varying  according 
to  the  type  of  mill  and  quality  of  ore  to  he  crushed. 
It  should  be  borne  in  mind  that  with  a  set  drop  of 
8^  in.  the  effective  drop  is  only  from  7{.  in.  to  S  in. 

Guides.  —  Hardwood  guides  are  good  and  reliable, 
and  with  proper  care  will  last  for  years.  The 
'  Ralok,'  an  improved  guide  supplied  by  the  Sandy- 
croft  Foundry  Company,  Limited,  is  coming  into 
favour  ;  it  is  of  cast-iron,  made  in  halves.  The  bure 
is  provide  1  with  annular  groove-  to  form  receptacles 
for  the  lubricant,  consisting  of  four  parts  soft  soap 
to  one  of  graphite.  The  lubricant  only  requires 
replenishing  at  long  interval-,  ami  i-  so  efficient  that 
the  wear  in  a  1,250  lb.  mill  is  stated  to  be  only  about 
1-32  in.  in  twelve  months  ;  chipping  faces  provide 
means  for  taking  up  the  wear. 

Plat>*  and  Amalgamation. — Plain  copper  plates 
are  most  in  favour  in  this  country,  they  are  more 
sensitive  and  absorbent,  and  once  set  with  gold 
amalgam  will  hold  a  thicker  film  of  mercury  than 
those  silver-plated.  The  difficulty  in  the  initial 
stages  met  with  in  the  use  of  plain  copper  is  due  to 
the  fact  that  a  small  quantity  of  copper  goes  into 
solution  in  the  mercury  (rf) ;  this  is  easily  attacked 
by  oxidising  agents  and  by  soluble  salts  of  the  ore, 
forming  a  green  and  tarnished  surface  to  the  plate, 
which  prevents  proper  amalgamation.  The  alterna- 
tive is  to  use  silver-plated  copper,  by  which  means 
the  above-mentioned  trouble  is  avoided,  and  good 
amalgamation  can  be  obtained  from  the  start.  The 
effect  of  [dating  is.  however,  to  render  the  copper 
less  absorbent  than  before.  When  steaming  great 
care  must  be  used  in  scraping  or  the  silver-plating 
will  Vie  removed  with  the  amalgam,  leaving  the 
copper  bare  :  hard  scraping  is  at  any  time  liable  to 
injure  the  plated  surface.  Should  the  mill  water  be 
acid,  the  silvered  plate  vt  ill  scour  unless  lime  is  added 
to  the  feed  to  neutralise  the  effect. 

A  modification  of  these  two  method-  i-  sometimes 
adopted  by  using  silver  amalgam  as  a  first  dressing 
on  the  bare  copper  plate,  enabling  a  good  gold 
recovery  to  be  made  from  the  start,  and  producing  a 
surface  more  absorbent  and  sensitive  as  an  amalgam 
catcher  than  silver-plated  copper.  The  habitual  use 
of  cyanide  solution  in  dressing  plates  i-  to  be  con 
demned  :  il-  use,  except  where  special  precaution- 
are  taken,  usually  results  in  some  loss  of  gold.  and. 
although  it  enables  the  [dates  to  be  easily  kept 
bright,  the  amalgam  never  acquires  that  solid  and 
sticky   condition    induced   by   proper    scouring  and 
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rubbing  of  the  plate.  Gold,  amalgam  being  a  solution 
of  gold  in  mercury,  increase  of  temperature  of  feed 
water,  when  it  can  he  maintained  without  variation 
up  to,  say,  80  deg.  F.,  is  conducive  to  good  amalga- 
mation by  causing  increased  absorption  of  mercury 
by  the  freed  gold  and  hy  the  plates. 

Feed  Water. — The  water  supplied  to  the  mill  is 
governed  not  so  much  hy  the  conditions  in  the 
mortar  box  as  by  the  How  over  the  plates.  If  the 
supply  is  in  excess,  '  black  -amis'  and  line  gold  will 
be  carried  away  ;  it'  inadequate,  slimes  and  tine  sands 
will  adhere  to  the  plates.  The  finer  the  rock  is 
crushed  the  more  water  will  he  required  to  keep  the 
plate  s  free  from  settlement.  Of  the  various  methods 
of  introducing  water  into  the  mortar,  the  lest  is  to 
direct  the  stream  so  that  it  liist  strikes  low  down 
the  hack  of  the  box  ;  the  water  then  spreads  and 
washes  back  over  the  dies  in  not  too  strong  a  stream 
to  remove  the  uncruslud  ore  from  the  dies,  hut  is 
sufficient  to  carry  with  it  towards  the  screen  the  line 
particles  ready  for  discharge.  The  mill  should  be 
supplied  with  water  under  a  constant  head.  The 
branch  leading  to  each  box  should  he  fitted  with  two 
cocks  (r)  or  valves  ;  the  one  to  he  used  as  a  regulator 
and  to  remain  set  to  pass  the  required  amount  of 
water  and  not  otherwise  touched,  the  other  to  he 
used  whenever  the  mill  is  stopped  or  started  for 
opening  and  closing  the  total  supply  to  the  box.  In 
many  mills  the  branch  pipe  is  fitted  with  hut  one 
valve  or  cock,  rendering  adjustment  necessary  every 
time  the  mill  is  started. 

Mercury  Losses  <<nd  Traps. — Losses  of  mercury  in 
amalgamation  can  only  be  properly  considered  in 
conjunction  with  the  tonnage  crushed  and  plate 
recovery,  and  the  quality  of  the  ore  must  also  be 
taken  into  account.  A  comparison,  therefore,  is  not 
very  easy.  Under  ordinary  conditions  with  a  7  dwt. 
plate  recovery  the  loss  per  ton  crushed,  including 
the  process  of  retorting,  should  not  exceed  1  dwt.  of 
mercury.  Where  inside  amalgamation  is  practised 
in  the  small  mills  of  Rhodesia,  the  losses  in  many 
cases  are  known  to  he  high  ;  wherever  this  is  the 
ease,  not  one,  hut  two  or  more  mercury  traps  of  good 
design  should  he  inserted  in  the  tailings  launder,  the 
benefit  derived  will  he  apparent  on  examination  of 
the  contents  of  the  tiaps.  These  traps  add  nothing 
to  the  cost  of  working,  and  advantage  of  a  suitable 

Stop  can  he  taken  to  clear  out  the  collected  sands. 

Blankets.— Where  used   as  concentrators  it  is  a 

good  scheme,  instead  of  using  fixed  strakes,  to  have 
the  blanket  (f)  mounted  en  rolleis  as  an  endless  belt, 
ami  to  revolve  it  slowly  against  the  stream  of  pulp  ; 
the  under  side  of  the  blanket  passing  through  a 
trough  of  water  is  washed  automatically,  thereby 
saving  the  dirty  and  disagreeable  work  of  constant 
hand  washing. 

'flu'  treatment  of  the  pulp  after  leaving  the  mill 
will  1  e  dealt  with  in  a  subsequent  article. 

Notes  />!/  tin  Editor.  [a)  This  is  not  conclusive  : 
each  blow  a  stamp  makes,  produces  a  product  of 
varying  fineness,  not  of  the  same  fineness. 

(Ii)  We  consider  all  modern  mills  wherever  pos- 
sible should  have  good  concrete  foundations,  if  not 
too  costly. 

(<■)  We  should  be  glad  to  learn  more  of  the  use  of 
self  locking  holts  in  mills. 

(//)  Is  ii  correct  to  state  that  copper  goes  into 
solution  in  mercury'.'  We  believe  it  would  he  more 
correct  to  say  that  mercury  wet-  copper  and  gold. 

(f )  We  con  i  mend  Mr.  bison's  remarks  on  mill  water 
supply  using  two  cocks  instead  of  one,  and  we  would 
further  supplement   his   suggestions    hy   introducing 


the  use  of  a  dial  on  the  first  eock,  so  that  the  exact 
opening  can  he  seen  and  maintained. 

(/)  The  use  of  blankets,  as  Mr.  Fison  suggests,  in 
special  cases  is  of  undoubted  advantageand  economy." 
—  G.  H.  Fison. — London  Minimi  Journal,  Sept.  4, 
1909,  p.  297.     (A.  R.) 


MINING. 

Modern    Progress    in    Minim;    and  Metal- 
lurgy in  the  Western  United  States. — Mine 

Mapping.  —  "Not  many  years  ago  most  mining  com- 
panies thought  it  amply  sufficient  to  have  a  surface 
map  of  their  properties  and  a  composite  map  showing 
the  different  underground  workings  in  their  mines. 
To-day,  almost  every  important  concern  maintains, 
in  addition  to  the  above,  both  stope  and  assay-maps, 
while  many  of  the  larger  companies  add  individual- 
level  horizontal  and  vertical  cross-section  maps  show- 
ing the  underground  geology  in  full.  Upon  these 
ma] is  conventional  designs  in  black  ink  are  used  to 
designate  the  various  rocks,  while  the  different  veins 
or  vein-systems  are  shown  in  colors.  These  sections 
are  frequently  drawn  also  upon  glass  sheet-,  which 
are  then  inserted  in  wooden  flames  provided  -with 
vertical  or  horizontal  slots  or  grooves  cut  at  the 
proper  relative  distance  apart  to  correspond  with  any 
desired  planes  of  cross-section  or  with  the  working- 
lev  ids  of  the  mines  in  question.  The  great  advantages 
of  such  plans  and  sections  cannot  be  overestimated. 
They  not  only  show  at  a  glance  the  tonnage  and 
value  of  the  ore  in  sight,  hut  also  afford  a  guide  for 
development-work,  whereas  the  old-fashioned  maps 
were  nothing  hut  a  record  of  the  work  performed, 
and  were  practically  useless  for  any  other  purpose. 
The  improvement  named  has  brought  about  another, 
the  importance  of  w  hich  is  just  beginning  to  he  recog- 
nized. I  refer  to  the  employment  by  large  mining 
companies  of  economic  geologists,  who  are  not  bur- 
dened with  the  duties  of  surveying,  directing  work- 
men, etc.,  hut  give  their  whole  attention  to  the 
geological  problems  encountered  in  the  work.  The 
advice  of  such  experts  in  the  purchase  of  property; 
the  running  of  exploration -drifts,  the  location  of 
shafts,  etc.,  and  the  interpretation  of  local  fault- 
systems,  and  other  structural  features,  has  already 
proved  of  inestimable  value  to  their  employers. 
Surface  Minim/. — Large  ore-bodies  occurring  near 

the  surface  can,  in  many  cases,  lie  most  cheaply  and 
satisfactorily  mined  hy  stripping  off  the  overburden 
ami  loading  the  mineral  into  cars  by  either  the  '  mill- 
ing' or  the  steam- shovel  system.  In  the  West, 
steam-shovel  mining  is  confined  almost  entirely  to  the 
low-grade  copper  deposit  -  at  Ely,  NeA  .  and  Bingham, 
I 'tali.  The  system  employed  follows  closely  that  of 
many  iron  mines  of  Minnesota  :  and  95  ton  shovels, 
with  3.5-cub.  yd.  (7  ton)  dippers,  are  in  common  use. 
At  Bingham,  the  Boston  Consolidated  Co.  stripped 
the  overburden  from  its  deposit  at  the  rateof  200,000 

tons  per   month.      The  maximum  amount  handled  in 

a  calendar  month  was  282,903  ions,  in  August,  1907, 

and  the  maximum  tonnage  for  a  single  day,  with 
four  shovels,  is  15,000  ions. 

Mine- Hoisting.  The  favorite  plant  in  ('(dorado  in 
I  he  early  day-  was  called  I  he  Gilpin  county  hoist, 
and  consisted  of  a  rope-drum  securely  fastened  at  one 

end  to  a  large  wooden  pulley  connected  bj  a  -lack 
Kelt  to  a  stationary  engine  running  continuously  at 

a  -low   -| d.      Today,    these   primitive  machines, 

large  ana  small,  have  all  been  succeeded  by  direct  or 
gear-connected  steam-engines,  equipped,  whenever 
the  tonnage  is  sufficient  to  justify  the  expense,  with 
variable  cut  oil  valve-gear,  post-brakes,  and  every 
modern  improvement. 
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Steam-hoists,  capable  of  handling  from  10  to  20 
tons  of  total  load,  from  depths  of  from  4,000  to  6,000 
feet,  at  speeds  varying  from  4,000  to  5,000  feet  per 
minute,  are  now  not  at  all  uncommon.  These  im- 
mense plants  are  fitted  with  every  imaginable  device 
for  increasing  the  efficiency,  rapidity,  and  safety  of 
operation,  and  the  skill  and  artistic  ability  dis- 
played in  the  design  of  some  of  the  later  Nordberg 
creations  bring  them  to  a  point  where  they  can  almost 
be  considered  works  of  art. 

In  many  places  where  water  tit  for  use  in  boilers  is 
scarce  anil  electric  current  cheap,  as  at  Cripple  Creek, 
the  electric  hoist  has  almost  completely  replaced  the 
steam-hoist. 

When  large  electric  hoisting-plants  were  first  in- 
stalled, it  was  found  that  the  great  amount  of  current 
necessary  to  start  and  accelerate  the  load  brought  a 
very  objectionable  "  peak"  on  the  transmission-line. 
This  difficulty  has  now  been  overcome  by  the  Illgner 
and  other  similar  systems,  in  which  the  energy  stored 
in  a  large  rapidly-revolving  Hy-wheel  cuts  down,  if  it 
docs  not  entirely  prevent,  the  objectionable  peak. 

Underground  Tramming. —  When  mines  were  shal- 
low, shafts  numerous  and  hoisting  facilities  inade- 
quate, hand  -  tramming  was  almost  universally 
employed,  but  with  increase  in  depth  came  the 
necessity  for  better  hoisting-machinery  and  a  reduc- 
tion in  the  number  of  shafts,  thereby  increasing  the 
distance  over  which  ore  had  to  be  trammed.  Then 
it  was  found  that  a  high-priced  man  constituted  a 
very  expensive  motive-power  for  pushing  cars  ;  horses 
and  mules  were  put  inio  commission  ;  and,  still  later, 
air-  and  electric  locomotives  have  come  into  very 
general  use.  There  has  been  much  discussion  con- 
cerning the  relative  merits  of  these  two  latter 
systems  of  underground  haulage;  but  there  is  no 
doubt  that  each  has  its  own  field.  Where  the  open- 
ings are  dry  and  the  roof  sufficiently  high  and  linn  to 
carry  the  trolley-wire  insulatois,  there  is  no  question 
as  to  the  desirability  of  using  electricity,  but  where 
these  conditions  unfortunately  do  not  obtain,  the 
compressed-air  locomotive  is  an  excellent  substitute. 

Timbering.  —Where  the  ore-bodies  do  not  exceed 
10  or  12  feet  in  thickness,  and  have  a  firm  hanging- 
wall,  nothing  can  exceed  the  cheapness  and  simplicity 
of  stulls  ;  but  when  large  ore-bodies  are  encountered 
and  timbering  is  necessary,  the  system  commonly 
employed  is  that  of  'square-setting,'  invented  by 
Deidesheimer  and  hist  used  on  the  Opir  mine  on  the 
Comstock  lode  in  1861.  Timber  is  yearly  becoming 
more  expensive,  does  not  usually  last  well  under- 
ground, and  when  the  ore-bodies  are  large,  especially 
if  there  is  a  tendency  to  movement  in  the  walls, 
'  square  sets'  made  from  square  timbers  are  apt  to 
'swing'  and  afford  very  little  vertical  support. 

When  large  quantities  of  timber  are  required  for 
square  setting,  in  situations  where  the  distance  from 
the  forest  to  the  mine  is  not  too  great,  round  timbers 
are  very  much  cheaper  and  more  durable  than  square. 
A  round  log  has  about  double  the  strength  of  a 
square  timber  cut  from  the  inscribed  square  on  its 
small  end  ;  and  since,  in  the  round  log,  the  concentric 
rings  of  wood-growth  are  unbroken  and  each  protects 
the  ring  immediately  underneath  it  from  decay,  the 
comparison,  both  in  cost  and  durability,  is  very 
unfavourable  to  square  timbers.  Automatic  fram- 
ing-machines can  now  be  had  which  utilize  the  lull 
strength  of  round  timbers  by  making  a  bevel  joint 
outside  of  the  square  tennon  necessary  in  all  square- 
set  timbering.  This  additional  segmental  contact- 
area  in  the  joints  braces  the  round  timbers  so  that 
they  are  much  less  liable  to  'swing'  in  large  stopes 
than  the  square. 


In  somecases,  'cut  and  slice'  and  'caving  '  methods 
are  employed,  in  which  the  hanging-wall  is  allowed 
to  come  down  and  rest  on  each  successive  floor  as  the 
ore  is  stoped  out,  and  is  prevented  from  mixing  with 
the  ore  by  a  mass  of  crushed  timbers  and  plank  which 
follows  down  on  the  top  of  the  receding  ore.  In  the 
Utah  Copper  and  Loston  Consolidated  mines,  at 
Bingham,  Utah,  about  4, 0011  tons  copper-ore  are 
mined  daily  by  the  '  caving'  system.  In  some  large 
mines  the  stopes  are  tilled  with  waste  as  fast  as  they 
are  freed  from  ore,  and  the  ground  above  thereby 
prevented  from  caving,  in  the  same  way  as  if  stulls 
or  square  setting  were  used.  Steel  and  concrete  are 
coming  slowly  into  use  in  shafts,  stations  and  tunnels, 
and  with  the  natural  decrease  in  the  price  of  iron  and 
cement  on  the  one  hand  and  the  rising  cost  of  timber 
on  the  other,  it  is  easy  to  sec  that  the  more  durable 
forms  of  construction  will  eventually  supersede  wood 
on  all  permanent  work. 

The  direct-replacement  system  employed  in  the  Rio 
Tinto  copper-mines  in  Spain  succeeded  perfectly  in 
holding  both  walls  and  surface  in  place  on  a  vein  from 
200  to  260  feet  wide,  and,  by  taking  advantage  of  the 
wonderful  skill  of  the  Spanish  miners  in  building 
dry  stone  walls,  gives  a  new  method  of  safely  and 
economically  mining  the  lower  portions  of  the  lodes 
which  cannot  be  reached  by  the  open-cast  systems 
extensively  in  vogue  there. 

Pumping.  —  In  the  United  States,  the  old-fashioned 
Cornish  pump,  with  its  costly  foundation,  massive 
walking-beam,  huge  plunger-rods  and  ponderous  bal- 
ance-bob, was  supplanted  many  years  ago  by  the 
direct-connected  steam-pump,  which  soon  developed 
into  a  most  efficient  pumping-machine  with  duplex, 
triple  expansion  engines  and  every  refinement  possi- 
hie  in  modern  steam-engine  practice.  These  have  in 
many  places  been  superseded  by  the  electric-driven 
plunger-pump,  in  which  the  high  speed  of  the  electiic 
motor  has  been  reduced  by  suitable  train-gear.  Lat- 
terly, quite  a  large  number  of  electric  pumps  have 
been  built  in  which  the  gear  is  entirely  eliminated. 
The  speed  of  the  motor  has  been  reduced,  and  that  of 
the  plunger  raised,  forming  a  combination  known  as 
the  express  pump.  Pumps  of  this  class,  with  capaci- 
ties of  1,600  gallons  per  minute,  raising  water  1,550 
feet,  are  now  being  very  successfully  employed  in 
unwatering  the  Comstock  Lode  at  Virginia  City. 

Within  the  last  few  years  great  improvements 
have  been  made  in  the  electric-driven  turbine,  which, 
with  its  entire  absence  of  valves  and  reciprocating 
parts,  threaten  to  dominate  the  field  completely. 

Already  we  have  single-stage  turbine-pumps  rais- 
ing 35,000  gallons  of  water  per  minute  150  feet  high  ; 
five-stage  pumps  raising  10,000  gallons  per  minute 
600  feet  ;  six-stage  pumps  raising  against  800  feet 
head  ;  and  eight  stage  pumps  raising  400  gallons 
1,400  feet  :  and  responsible  firms  are  ready  to  contract 
to  raise  water  by  this  system  to  any  elevation  up  to 
■J.lino  feet,  and  guarantee  a  pump-efficiency  of  lrom 
60  to  75  per  cent.,  according  to  conditions  of 
service. 

Mine-Lighting  mid  Signalling.  — Incandescent  elec- 
tric lighting  has  long  since  driven  oil-lamps  and 
candles  out  of  underground  stations  and  permanent 
levels  in  which  any  Large  amount  of  work  is  carried 
on.  The  recently  invented  tungsten-lamp  with  its 
high  efficiency,  giving  20  c.-p.  with  an  expenditure 
of  only  25  watts  per  hour,  makes  it  economically 
possible  to  extend  electric  lighting  very  greatly 
throughout  underground  workings.  In  some  of  the 
largest  and  most  progressive  mines,  candles  and  oil- 
lamps  have  already  been  replaced  in  the  stopes  by 
acetylene-lamps,    which    are   not  only  cleaner  and 
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safer,   but  give  a  much  greater  illumination  for  a 
given  cost. 

For  mine-signalling,  the  flash-light  system  operated 
by  interrupting,  by  means  of  well- protected  switches, 
the  current  passing  through  the  station-lamps  is 
rapidly  replacing  the  old-fashioned  cumbersome  bell- 
cord  :  and  t lie  latest  moisture-proof  mine-telephones 
give  instant  communication  throughout  the  under- 
ground workings,  and  to  and  from  the  surface,  with 
little  danger  of  interruption, 

Explosives. — The  use  of  modern  high  explosives  in 
mining  and  tunnelling  is  now  universal  ;  hut  there  is 
a  crying  demand  for  an  explosive  which  can  be  more 
safely  handled,  and  which  on  explosion  or  detonation 
will  produce  a  smaller  amount  of  noxious  gasses, 
which  not  only  injure  the  health  of  the  miners,  but 
delay  the  resumption  of  work  after  each  round  of 
shots  has  been  fired. 

Mine  Ventilation. — The  ventilation  and  cooling  of 
metal-mines  have  not  yet  received  the  attention 
which  their  importance  demands.  In  this  respect 
Western  engineers  could  take  profitable  object- 
lessons  from  their  brethren  in  the  coal-fields,  very 
few  of  our  Western  mine-operators  go  to  the  trouble 
of  recording  temperatures  and  making  ventilation- 
maps,  showing  the  direction  of  the  air-currents,  etc., 
all  of  which  data  are  necessary  before  a  satisfactory 
system  of  either  natural  or  artificial  ventilation  can 
be  planned. 

The  latest  high-speed  electric  direct-driven  centri- 
fugal compressors  give  pressures  up  to  45  oz.,  and 
have  been  built  in  sizes  up  to  40,000  cub.  ft.  of  free 
air  per  minute  ;  but  there  is  apparently  no  limit  to 
the  size  of  the  machines  which  can  be  built  under 
this  system. 

Tunnelling. — All  over  the  United  States,  water- 
supply,  hydro-electric  power  and  the  reduction  of 
grades  on  railways  are  acquiring  new  and  expensive 
tunnels,  to  which,  in  the  West,  are  added  the  great 
irrigation-tunnels  called  for  in  both  government  and 
private  enterprises.  The  result  of  all  this  activity  in 
tunneling  has  been  a  vast  improvement  in  both 
machinery  and  methods,  and  a  greatly  increased 
number  of  thoroughly  trained  and  skilled  workmen, 
so  that  records  formerly  unattainable  in  the  United 
States  are  now  being  made  in  widely-separated 
localities. 

Gold-Dredging. — Chain-bucket  dredging  for  gold 
was  first  attempted  in  1867  in  Otago,  New  Zealand, 
and  the  first  steam-actuated  dredge  operating  on  this 
principle  was  built  on  the  Molyneux  in  1881. 

From  a  few  small  dredges  copied  after  those  in  use 
in  New  Zealand,  gold-dredging  in  this  country  has 
grown  into  a  great  industry,  which  is  carried  on 
successfully  from  the  frozen  gravels  of  the  Arctic  to 
the  sun-scorched  river-bars  of  the  tropics,  and  at  all 
altitudes  from  10,000  ft.  down  to  sea-level.  Under 
stress  of  competition  and  the  necessity  of  meeting 
new  conditions,  dredges  have  grown  both  in  capacity 
and  efficiency  to  a  point  not  even  dreamt  of  a  few 
years  ago.  Dredges  are  now  built  with  close 
connected  buckets,  of  capacities  up  to  13.5  cub.  it., 
and  capable  of  handling  10,000  cub.  yd.  of  gravel  in 
24  hr.  ;  some  have  been  built  with  bucket-ladders 
capable  of  digging  07  ft  below  the  water-line  and 
20  ft  above  it.  A  new  stacker  now  under  construc- 
tion will  deliver  tailings  160  ft.  away  from  and  60  ft. 
above  the  deck  of  the  boat.  Improved  construction 
and  better  management  have  rendered  dredging 
operations  less  dependent  upon  weather  ;  and  last 
winter  in  Colorado  a  dredge  wis  operated  con- 
tinuously  at    an    altitude   of   9,9'JO   ft  ,    where    the 


temperature  on  several  occasions  fell  to  20°  below 
zero. 

Electric  Transmission.  —  Already  the  electric 
current  is  rallied  to  all  elevations  from  sea-level  to 
timber-line  and  there  is  scarcely  a  desert  mining- 
camp  of  sufficient  size  to  justify  the  erection  of  a 
pole-line  that  is  not  equipped  with  electric  power. 
The  ease  with  which  this  overcomes  the  old  and 
apparently  insurmountable  problems  of  scarcity  of 
water  and  fuel  constitutes  one  of  the  delights  of 
modern  mining. 

The  use  of  electricity  has  al.-o  completely  solved 
the  old  vexed  problem  of  underground  sinking  and 
hoisting,  so  that  these  operations  are  now  as  readily 
carried  on  from  deep  tunnel-levels  as  from  the 
surface. 

Transmission-lines  of  all  lengths  up  to  220  miles 
are  in  daily  use,  with  carrying-capacities  ranging  up 
to  40,000  kw.  Long-distance  transmission-systems 
are  in  many  cases  operated  at  100,000  volts,  and  new 
lines  are  building  to  utilize  even  higher  pressures. 
Recent  improvements  in  insulation  promise  to  make 
still  higher  voltages  possible,  which  would  mean  a 
corresponding  increase  in  the  distance  to  which 
current  could  be  profitably  carried. 

Sampling. — In  milling  and  concentrating-plants, 
where  fine  crushing  is  a  necessary  preliminary. 
sampling  is  a  comparatively  easy  and  reasonably 
accurate  operation,  but  where  the  ore  is  to  be  treated 
by  blast-furnace  smelting,  crushing  of  any  kind  is 
objectionable  and  fine  subdivision  is  prohibited. 
Forty  years  ago,  for  the  valuation  of  coarse  ore, 
'grab'  sampling  was  in  common  use,  and  this 
method  was  replaced  in  slow  succession  by  Cornish 
quartering,  fractional  division,  and  split-shovel 
sampling.  Then  came  automatic  sampling  in  many 
forms,  but  all  taking  a  portion  of  the  ore-stream  con- 
tinuously. In  1884  a  new  system  of  sampling  was 
invented  which  aut<  matically  deflects  the  entire  ore- 
stream  for  a  varying  portion  (usually  one-fifth)  of  the 
time  into  the  sample-division.  Numerous  different 
machines  working  on  this  principle  are  now  in  use  ; 
and  these  types  of  sampling-plants  have  been 
perfected  to  such  a  degree  that  w  here  the  hopper  ore- 
cars  which  are  now  coming  into  general  use  are 
employed,  ore  may  be  unloaded,  crushed,  sampled, 
and  reloaded  into  the  outgoing  cars,  and  the  ground 
sample  delivered  iir  a  locked  steel  box,  without  ever 
having  been  handled — the  entire  chain  of  opt  rations 
being  performed  automatically. 

Concentration.  —  The  separation  of  valuable 
minerals  from  worthless  gangue  must  have  been  one 
of  the  earliest  operations  in  the  history  of  metallurgy. 
Up  to  less  than  100  yeais  ago  the  pan,  tub,  and 
inclined  plane,  which  are  all  so  graphically  illustrated 

by  Agricola,  continued  lo  be  tl nlv  devices  in  use. 

Hand-jigs  were  first  introduced  for  the  separation  of 
coarser  particles  than  could  otherwise  be  handled, 
and  the  principles  involved  are  in  use  to-day, 
although     improved     mechanical     appliances     have 

changed  and  enlarged  operations  to  such  an  extent 
that  the  primitive  origin  would  scarcely  be  recog- 
nised. About  :>"i  years  ago  the  use  of  air  as  a 
concent  latin-  medium  was  successfully  introduced, 
and,  despite  its  many  disadvantages,  this  system, 

assisted  by  numerous  mi  chanical  improvements,  still 
exists  and  manages  to  hold  its  own  where  watei   is 

unobtainable  or,  for  some  reason,  cannot  be  used. 
In  skilful  hands,  some  of  the  pneumatic  separators 
give  wonderful  results,  but  the  delicacy  of  the  adjust- 
ments and  the  attendant  dust  will  undoubtedly 
prevent  any  extensive  employment  of  this  method. 
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The  pulsating  water-current  recently  invented  by 
a   distinguished   investigator  in    the  concentrating 

Held  has  already  won  a  place  for  itself  in  both  sizing 
and  jigging  operations,  and  promises  to  become  a 
most  important  factor  in  concentrating-work. 

Specific  gravity  is,  however,  no  longer  the  only 
principle  taken  advantage  of  in  mechanical  ore- 
sorting.  To  these  have  been  added  magnetic  and 
slat  ic  electric  separation,  and  many  different  methods 
based  on  the  surface-tension  of  water  (with  or  without 
the  assistance  of  oil  or  acid),  resiliency,  and  affinity 
for  «rease.  The  latter  method,  used  very  sparingly 
in  this  country,  finds  its  chief  application  in  South 
Africa,  where  it  is  used  in  the  separation  of  diamonds 
from  other  stones. 

The  recent  discovery  by  Kunz  and  Baskeryille  that 
the  use  of  ultra-violet  light  would  enable  an  observer 
to  determine  by  inspection,  with  reasonable  accuracy, 
the  percentage  of  willemite  in  concentration-tailings, 
has  already  found  commercial  application  on  a  very 
large  scale,  and  opens  up  a  wide  field  for  speculation 
as  to  what  the  future  may  hold  in  store  for  us  in  this 
field. 

The  enormous  size  of  some  of  the  new  concent  rat- 
ing-plants erected  in  the  West  exemplifies  in  a 
marked  decree  the  magnitude  of  the  operations  now 
being  carried  on.  At  Anaconda.  Mont.,  the  Amal- 
gamated Copper  Co.  has  an  eight-unit  concentrating- 
plant,  each  section  of  which  handles  1,000  tons 
in  24  hr.  :  and  some  of  the  new  plants  at  Ely,  New, 
and  Garfield,  Utah,  are  but  little  smaller  in  size. 

Roasting  for  Blast-Fvrnace  Smelting. — The  earliest 
roasting-furnaces  to  prepare  sulphide  ores  for  blast- 
furnace smelting  were  small  hand  -  operated 
reverberatories,  with  or  without  fusion  hearths. 
These  were  followed  by  revolving  cylinders  and 
various  types  of  mechanically  operated reverberatory 
furnaces,  all  of  which  were  not  only  expensive  to 
operate  and  keep  in  repair,  but  yielded  a  product 
very  badly  adapted  to  blast-furnace  work.  To-day 
these  old-fashioned  furnaces,  both  hand  and  mechani- 
cal, have  been  almost  entirely  superseded  by  blast- 
systems  like  the  Huntingdon-Heberlein,  Carmichael- 
Bradford,  and  Savelsberg,  which  make  it  possible  to 
utilize  the  many  advantages  of  blast-furnace  smelting 
for  the  treatment  of  concentrates,  fine  ore,  and  Hue- 
dust  at  very  low  preparatory  costs.  These  systems 
marked  a  wonderful  advance  over  the  old  reverbera- 
tory roast  with  its  pulverulent  product;  but  they 
were  still  open  to  the  serious  objection  of  requiring  a 
large  amount  of  manual  labour  in  charging  ami 
discharging  the  pots  and  breaking  up  the  sintered 
product.  In  spite  of  this  drawback,  the  results 
obtained  were  so  desirable  that  study  and  invention 
along  these  lines  have  been  stimulated  to  such  an 
extent  that  there  are  already  in  use  mechanical 
roasting  and  sintering-plants  (system  of  Dwight  and 
Lloyd),  to  which  ore  can  he  fed  in  a  steady  stream, 
and  which  will  automatically  deliver  a  desulphurized, 
sintered,  and  broken-up  product  in  the  best  possible 
condition  for  blast-furnace  work. 

Lead-Smeltinq. — The  largest  lead-furnaces  in  the 
United  States  have  hearths  180  by  44  in.,  and  treat 
daily  from  150  to  255  tons  of  ore,  according  to  its 
character.  Mechanical  charging  is  used  in  some 
cases;  but  while  it  slightly  reduces  operating-costs, 
it  is  no  improvement  metallurgically. 

In  Australia,  where  different  conditions  prevail, 
the  improvements  in  lead-furnaces  have  kept  pace 
witli  those  in  iron  and  copper-smelting. 

Ei  verberatory  Copper-Smelting. — In  1S67,  when 
Richard  Pearce  (afterwards  President  of  the 
Institute)  built  his  first  reverberatory   furnaces  at 


Black  Hawk,  Colo.,  they  were  considered  the  acme 
of  metallurgical  perfection,  and  their  successful 
operation  did  wonders  for  the  mining  industry  of  the 
Slate.  The  hearths  of  these  furnaces  were  only  S  by 
12ft.  in  si/e.  and  their  daily  capacity  was  12  tons. 
As  the  quantity  of  ore  produced  increased  and  the 
necessity  for  handling  larger  tonnages  became 
apparent,  the  reverberatory  furnaces  have  been 
steadily  enlarged  and  improved,  until  to-day  they 
have  attained  almost  incredible  dimensions,  having  a 
hearth-area  of  19  by  11(5  ft.  and  a  daily  working 
capacity  of  more  than  300  tons,  which,  in  the  case  of 
easily-smelted  ores,  ha-  risen  to  over  400  tons. 
These  large  furnaces  secure  great  saving  of  heat,  and 
uniform,  continuous  operation,  for  reasons  into  which 
I  need  not  enter  here. 

Blast-Furnace  Copper-Smelting. — The  early  water- 
jacketed  blast-furnaces  for  smelting  copper-ore  were 
small,  round,  wrought-iron  affairs,  about  30  in.  in 
diameter  and  rarely  smelted  more  than  12  tons  of  ore 
in  24  hr.  From  {his  puny  beginning,  keeping  pace 
with  the  rapidly  growing  copper  industry  of  this 
country,  furnaces  have  increased  steadily  in  size  and 
improved  in  mechanical  construction,  until  they  have 
reached  the  enormous  dimensions  of  17  ft.  in  length 
by  4  ft.  S  in.  in  width,  with  a  daily  smelting- 
capacity  of  3,000  tons  of  charge.  These  furnace-  are 
mechanically  fed,  work  under  an  air-pressure  of  -in 
oz.,  and  give  infinitely  less  trouble  than  their  smaller 
progenitors. 

The  water-jackets  are  completely  sectionized,  and 
it  is  possible  to  renew  most  of* the  sections  without 
stopping  the  furnace.  At  first  only  one  tier  of 
jackets  was  used,  then  two  tiers  came  into  use,  ami 
now  some  of  the  most  recent  furnaces  have  air  or 
water-jackets  replacing  the  brick  superstructure, 
thus  doing  away  with  much  of  the  roof -accretion 
nuisance.  On  furnaces  built  with  a  crucible,  baby 
water-jackets  have  replaced  the  old  cast-iron  plates, 
and  water-jacketed  nose-pieces  have  greatly 
lengthened  the  life  of  the  furnace-discharge  spouts. 

The  recently  invented  acetylene  blow-pipe  pro- 
mises to  be  of  great  service  to  blast-furnace  engineers, 
a-  through  its  use  it  will  soon  be  possible  to  obtain 
welded  water-jackets  entirely  free  from  the  object  ion 
able  lap-seams  and  rivets. 

Electrical  Smelting.-  There  is  no  doubt  that  in  the 
near  future  many  minerals  now  smelted  with  find 
will  be  reduced  to  metals  by  electrical  processes. 
The  electric  current  possesses  the  great  advantage  of 
allowing  a  most  efficient  utilisation  of  the  heat  :  and 
also  complete  control  of  the  exposure  of  the  molten 
metals  to  air  or  gases. 

Briquettinq. — At  many  bl  ist  furnace  plants  'fines' 
are  made  into  briquettes  with  the  ordinary  die-and- 
plunger  machines  ;  but  if  free  acid  or  copper  sulphate 
be  present,  the  surfaces  of  both  dies  and  plungers 
are  rapidly  corroded,  which  obviously  increases  the 
diameter  of  the  dies  and  diminishes  that  of  the 
plungers.  As  this  solvent  action  continues,  a  point 
is  soon  reached  when  the  plunger  no  longer  tills  the 
die-opening,  and  pressure  forces  the  material  through 
the  space  between  them,  instead  of  consolidating 
the  mass. 

When  a  sufficient  amount  of  plastic  material,  such 
as  slimes,  can  he  obtained  to  mix  with  tine  ore  and 
flue-dust,  so  as  to  give  the  mass  the  property  of 
'flowage'  under  pressure,  it  may  he  briquettea  in 
machines  similar  to  those  used  in  making  building- 
brick  hy  the  'stiff-tempered'  process.  Solvents  do 
not  interfere  with  the  operation  of  these  machines, 
and  by  constructing  the  working-parts  of  steel  and 
phosphor-bronze,  it   is  possible  to  make  briquettes 
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dry  enough  to  pass  directly  into  a  blast-furnace  at 

the  rate  or  600  to  S0O  tons  per  day  for  each  machine 
employed,  at  a  cost  of  less  than  half  of  the  die-and- 
plunger  system. 

Chlorination.  Chlorination  is  confined  almost  en- 
tirely to  sulphide  gold-ores  carrying  so  little  silver 
that  its  loss  may  he  disregarded,  and  which  require  a 
preliminary  rousting  before  treatment.  The  early 
methods  of  tank-leaching  have  all  heen  superseded 
by  harrel-chlorination,  and  in  some  of  the  latest 
plants  chlorine  is  produced  by  electrolysis  instead  of 
by  the  decomposition  of  bleaching  powder  with 
sulphuric  acid. 

The  most  desirable  features  of  this  process  of  gold 
extraction  are  the  high  percentage  recoverable,  and 
the  rapidity  with  which  clean-ups  can  be  made, 
rendering  it  easy  at  all  times  to  know  exactly  what 
results  are  being  obtained. 

The  largest  plants  operating  under  this  system  are 
situated  in  Colorado  City,  Colo.,  where  two  mills 
owned  by  one  concern  have  an  aggregate  capacity  of 
800  tons  per  day. 

<  'yanidation. — While  the  first  patent  for  extracting 
gold  from  its  ores  by  cyanide  solutions  was  issued  in 
1867,  it  was  not  until  McArthur  ami  Forrest  took  it 
up  in  1889  that  practical  results  of  any  value  were 
obtained.  Since  that  time  the  use  of  the  process  has 
increased  by  leaps  and  hounds  in  all  of  the  principal 
gold  producing  countries,  and  to-day  it  is  the  prin- 
cipal factor  in  the  world's  steadily  increasing  gold 
production.  Cyanidijig  seems  to  work  with  equal 
facility  on  raw  ore,  roasted  ore  and  tailings,  and 
with  the  steady  improvement  in  the  mechanics  as 
well  as  the  chemistry  of  the  process,  it  bids  fair  to  do 
even  greater  things  in  the  future  than  it  has  done  in 
tin-  past.  Nor  is  its  use  confined  entirely  to  the 
extraction  of  -old.  In  many  districts  it  is  operating 
with  great  success  on  mixed  gold  and  silver  ores. 
At  .Millers,  Nov.,  two  plants  with  an  aggregate 
capacity  of  700  tons  per  day  are  operating  on 
Tonopali  ores,  in  which  the  average  ratio  of  silver  to 
gold  is  80  to  1. 

The  largest  and  perhaps  the  most  complex  cyanide 
plant  in  the  United  States  is  the  Golden  Cycle  mill, 
at  Colorado  City,  Colo.,  which  has  a  daily  capacity 
of  1,000  tons,  and  treats  exclusively  Cripple  Creek 
ore,  all  of  which  requires  careful  roasting  and  very 
line  crushing.  The  Bomestake  cyanide  mill  handles 
a  larger  tonnage,  hut  treats  only  tailings.  Next  to 
this  plant  in  point  of  size  and  importance,  and  hand- 
ling ore  of  much  higher  grade,  is  the  new  mill  of  the 
GoTdfield  Consolidated  Co.,  Nevada,  which  has  a 
capacity  of  600  tons  per  day,  and  contains  the  very 
latest  improvements,  culled  from  American,  African, 
Australian,  and  Mexican  practice. 

Fume  Recovery.-  No  department  of  metallurgy 
has  made  slower  progress  than  this  most  important 
division,  but  now,  through  an  unholy  alliance 
between  the  unscrupulous  contingent  fee  attorney 
and  the  greedy  land-owner,  the  success  of  '  smoke- 
farming  '  is  compelling  the  smelting  companies  to  do 
for  self-preservation  something  which  they  should 
long  ml;o  have  undertaken  for  profit.  Cut  of  the 
almost  numberless  de\  ices  which  have  heen  tried  for 
fume-recovery,  the  bag-house  affords  the  best  solution 
of  the  problem  yet   devised.       BagS  were   used    for  the 

recovery  of  both  zinc  oxide  and  lampblack  more  than 
fifty  yeais  ago,  but  were  not  used  lor  fume  recovery 
until'  1878,  when  I'.aitlett  set  up  a  small  plant  at 
Portland,  Me.  The  lirst  huge  successful  installation 
of  this  kind  was  erected  by  the  Globe  Smelting  Co., 
in  1885,  and  has  been  in  continuous  operation  evei 
since.       While   the    bag-house    has    been    eminently 


successful  in  the  recovery  of  blast-furnace  fume,  it 
cannot  be  used  on  fumes  from  revei  baroiy  roasting 
or  smelting  -furnaces,  owing  to  the  fact  that  a  portion 
of   the   sulphur   dioxide    formed    by  the  oxidation   of 

the  sulphur  is  raised  to  sulphur  trioxide  by  contact 
with  incandescent  ferric  oxide.  At  the  1  nited 
States  Smelling  Works,  in  Utah,  provision  for 
protecting  the  bag-house  from  sulphur  trioxide  i- 
made  by  blowing  into  the  Hues  zinc  oxide,  which 
immediately  absorbs  the  sulphur  trioxide  present  to 
such  an  extent  that  it  has  been  found  quite  possible 
to  use  cotton  bags.  The  bag-house  has  proved  very 
efficient  in  recovering  fume  from  lead-refineries  and 
all  lead-smelting  operations  excepting  roasting.  In 
large  copper-smelting  plants,  where  large  volumes  of 
gas  are  produced  carrying  a  sufficient  amount  of 
sulphur  trioxide  to  destroy  woven  fabrics,  three 
systems  are  in  use—  namely  :  radiation,  decreased 
velocity,  and  friction- and  in  many  cases  two  or 
more  of  these  methods  are  combined.  At  the  Washoe 
plant,  in  Anaconda,  long  steel-covered  flues  of  enor- 
mous cross-section  have  been  installed  for  a  number 
of  years,  and,  while  this  system  does  not  etlect  a 
complete  recovery  of  the  fumes,  it  is  as  nearly 
perfect  as  it  is  possible  to  make  a  plant  today.  At 
Great  Falls,  Mont,,  the  Boston  &  Montana  Co.  i- 
installing  the  friction   system    at   a  cost    exceeding 

$1,000,000,    which  includes  the    construct] f    a 

stack  5(>6  ft.  high  and  56  ft.  in  diameter,  and  a  du-t 
chamber  in  the  Hue  system,  of  such  width  that  the 
furnace  -ases  will  pass  through  it  at  a  velocity  con- 
siderably  less  than  500  ft.  per  minute.  From  the 
roof  of  this  Hue  chamber  more  than  a  million  -led 
wires  will  be  suspended,  an  arrangement  winch 
experiment  has  shown  to  increase  greatly  the  settling 
efficiency  of  the  dust-chamber.  This  installation  is 
practically  completed,  but  it  will  be  some  time  before 
the  results  obtained  can  be  accurately  determined. " 
— D.  W.  Brtjnton.  -Transactions  of  th(  American 
Tnstitutt  of  Mining  Engineers.  —  Presidential  Address. 
—Sept.  1909,  pp.  '837-855.     (J.  A.  W.) 

MISCELLANEOUS. 
Simple  Mineral  Tests   and   II<>\\"  to  Make 

THEM.— "Judging  by  the  number  of  worthless 
samples  submitted  toass&yers  to  be  tested  for  various 
metals,  and  by  the  fact  that  valueless  minerals  are 
often  supposed  to  be  valuable  ores,  it  is  evident  that 
many  do  not  realize  how  easily  some  elements  may 
be  (ieteeted.  Naturally  a  prospector  can  not  be 
expected  to  burden  himself  with  the  equipment  of  a 
chemical  laboratory,  but  an  outfit,  consisting  mainly 
of  a  few  chemicals,  test  tubes,  blowpipe  and  spirit 
lamp,  adds  little  bulk  or  weight  and  may  be  ol  in- 
estimable service.  The  writer  knows  whereof  he 
speaks,  for  he  once  carried  such  an  outfit  over  2,000 
miles,  during  18  months  in  Alaska.  Few  tests  can 
lie  described  in  a  brief  article,  and  the  following  have 
heen  selected  on  account  of  their  simplicity,  and  also 
because  some  of  the  minerals  mentioned  are  often 
confused  with  others. 

The  purer  the  substance  to  be  tested  the  better. 
and.  should  the  mineral  be  scattered  through  Un- 
lock in  line  particles,  it  is  usually  well  to  first  con 
centrate  if  by  pulverizing  the  sample  and  then 
panning  in  water,  the  concentrates  being  subsequently 
dried,  and,  if  necessary,  -round  liner.  A  (lean  6  m. 
living  pan  is  very  convenient  both  for  washing  and 
drying  what  is  left. 

Gold.      Cold    ores,     when     crushed     and     panned. 
generally  show  either  free  metallic  -old  or  sulphide-, 

or  other  concentrates  containing  gold,  which,  bow- 
ever,  is  not  risible     If  these  salphides  be  roasted 
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over  a  fire  at  a  dull  red  heat,  on  thin  sheet  iron,  say 
apiece  of  a  tin  can,  and  then  leground  in  a  mortar 
to  polish  the  gold,  the  metal  in  many  cases  will  be 
plainly  seen  on  panning  again.  Should  the  material 
Deoxidized,  and  when  powdered  and  panned,  show 
nothing  bul  the  magnetic  oxide  of  iron,  commonly 
called  '  black  sand,'  the  sample  is  apt  to  be  worthless 
or  very  low  grade,  for  the  writer's  experience  leads 
him  to  believe  that,  as  a  general  thing,  the  Mack 
sand  itself  obtained  from  rock  in  place  carries  little 
or  no  gold.  The  dried  black  sand  can  be  readily 
picked  up  with  a  magnet. 

Copper. — Greenish  rocks  are  sometimes  mistaken 
for  ores  of  copper,  which  metal  may,  however,  be 
easily  detected  in  the  following  manner :  Pour  into  a 
test  tube,  say  half  an  inch  in  diameter,  enough  of 
the  finely  ground  material  to  cover  the  bottom  to  a 
depth  of  about  half  an  inch,  add  two  or  three  times 
as  much  strong  nitric  acid,  and  boil  gently  over  an 
alcohol  lamp  until  the  acid  seems  to  have  no  moie 
effect  and  red  fumes  have  ceased  to  come  off.  1  )ilute 
the  solution  with  one  or  two  volumes  of  water  and 
hold  a  clean  bright  piece  of  iion  or  steel,  such  as  the 
blade  of  a  pocket  knife,  in  the  liquid  for  a  few 
moments,  when,  if  present,  a  thin  film  of  metallic 
copper  will  lie  plainly  seen  on  the  blade  niton  with- 
drawing and  dipping  it  in  clean  water. 

Instead  of  testing  this  solution  with  iron  or  steel, 
strong  ammonia  may  be  added  in  excess  to  the  liquid 
when  cool,  that  is,  the  test  tube,  after  being  well 
shaken,  should  smell  of  ammonia.  The  addition  of 
the  ammonia  generally  produces  a  reddish-brown 
precipitate  due  to  iron,  and  the  tube  should  be  set 
aside  for  a  few  minutes  until  this  settles  somewhat. 
If  a  copper  mineral,  the  liquid  will  have  a  deep  blue 
colour ;  the  more  copper  the  deeper  the  colour. 
Nickel  solutions  similarly  treated  become  blue,  which 
however,  is  fainter  than  the  colour  produced  by 
copper,  and  in  any  event  the  ores  of  nickel  are 
apparently  not  widely  distributed.  There  are  many 
other  tests  for  copper,  but  the  two  described  require 
little  time,  knowledge  or  skill  and  are  as  good  as  any 
for  practical  purposes. 

Tin. — Various  minerals  are  often  taken  for  tin  ore, 
but  as  the  ordinary  ore,  cassiterite  or  tin  oxide,  is 
alone  infusible  and  proof  against  all  acids,  it  follows 
that  if  a  substance  can  be  melted  without  a  llux,  or 
can  be  dissolved  in  acids,  it  is  not  cassiterite.  i\fter 
a  few  trials,  tests  for  fusibility  can  easily  be  made 
with  a  blowpipe  and  spirit  lamp,  beginners,  however, 
being  apt  to  increase  their  diffiulties  by  experiment- 
ing with  pieces  far  too  large.  A  thin  splinter  of  a 
mineral,  no  thicker  than  the  black  lead  in  a  pencil, 
is  sufficient,  and  if  such  be  held  in  a  small  pair  of 
forceps,  and  the  flame  be  directed  with  a  blowpipe 
upon  the  end  or  edge,  it  will  soon  be  seen  whether 
melting  takes  place.  Much  grief,  expense  and  use- 
less prospecting  for  tin  could  have  been  saved  before 
now  had  this  simple  test  been  at  first  made.  If  tin 
oxide  be  finely  pulverized,  mixed  with  about  the 
same  amount  of  powdered  charcoal,  and  twice  as 
much  carbonate  of  soda,  the  whole  being  made  into 
a  thick  paste  with  water  and  then  heated  on  a  piece 
of  charcoal  with  a  blowpipe,  beads  of  metallic  tin, 
can  with  a  little  practice,  be  readily  obtained.  Four 
or  five  parts  of  pulveiized  cyanide  of  potassium  may 
be  substituted  for  the  powdered  charcoal  and  soda. 
In  so-called  '  reduction  '  tests  of  this  kind,  the  inner 
part  of  a  yellow  fiame  should  be  used,  that  of  a  candle 
answering  most  purposes.  The  tin  globules  may  be 
tested  by  wanning  them  in  a  test  tube  with  nitric 
a<id,  diluted  a  little  with  water,  when  unlike  lead  or 
silver,  they  do  not  dissolve,  but  are  converted  into  a 


white  powder.  Tin  ore  being  heavy  is  easily  con- 
centrated by  panning  the  crushed  rock,  and  when 
pulverized  may  be  of  various  colours,  such  as 
brownish,  gray  or  purplish.  In  partsof  the  Carolinas 
and  South  Dakota  the  purplish  colour  of  the  tin 
concentrates  is  characteristic,  ami  serves  to  distin- 
guish the  powdered  cassiterite  from  other  minerals. 

Quicksilver.  —  Red  oxide  of  iron  and  other  minerals 
are  sometimes  thought  to  be  the  quicksilver  ore, 
cinnabar,  but  this  latter  if  heated  with  a  blowpipe, 
vaporizes  and  disappears.  Realgar,  the  red  sulphide 
of  arsenic,  acts  in  the  same  way,  differing,  however, 
from  cinnabar  in  giving  oil' a  smell  of  garlic  while 
evaporating,  and  in  burning  on  charcoal  with  a  blue 
flame.  Lead  chromate  and  vanadinite,  a  lead  vana- 
date, on  account  of  their  weight  and  colour  may 
resemble  cinnabar,  lint  both  these  minerals  blacken 
and  fuse  on  a  piece  of  charcoal  before  the  blowpipe, 
and  in  the  inner  part  of  a  yellow  flame,  such  as  that 
of  a  candle,  yield  globules  of  metallic  lead.  If 
cinnabar  be  scratched  with  the  point  of  a  knife  I  he 
streak  is  red,  which  is  also  the  case  with  hematite, 
while  the  lead  minerals  mentioned  give  yellow  or 
whitish  streaks.  When  red  iron  oxide  is  heated 
with  a  blowpipe  on  charcoal,  in  the  inner  flame,  it 
soon  becomes  magnetic  and  thus  can  be  picked  up 
with  a  magnet.  The  writer  was  once  employed  for  a 
time  in  sorting  quicksilver  ore,  the  grade  of  which 
was  constantly  estimated  by  crushing  and  panning 
samples,  and  noting  the  amount  of  cinnabar,  which, 
being  very  heavy,  is  easily  concentrated. 

Tungsten. — Tungsten  is  readily  detected,  providing 
that  the  suspected  mineral,  especially  when  dark  in 
colour,  be  first  ground  to  a  very  fine  powder.  If 
scattered  through  the  rock  in  small  particles,  the 
sample  should  be  crushed  and  panned,  and  the  con- 
centrates tested,  after  being  dried  and  ground  as  fine 
as  flour.  Should  no  heavy  concentrates  appear,  the 
rock  certainly  does  not  carry  tungsten  in  commercial 
quantity,  and  further  testing  for  the  metal  would  be 
a  waste  of  time.  Pour  into  a  test  tube,  say  half  an 
inch  in  diameter,  enough  of  the  fine  powder  to  cover 
the  bottom  to  a  depth  of  about  half  an  inch,  add 
three  or  four  times  as  much  strong  hydrochloric 
acid,  and  boil  gently  over  the  spirit  lamp  for  a  few 
minutes.  Two  or  three  minutes  is  usually  enough 
for  scheelite,  but  hubnefite  may  require  boiling  for 
10  minutes  before  sufficiently  decomposed.  Decom- 
position has  gone  far  enough  when  the  tube  becomes 
more  or  less  coated  with  a  yellowish  film,  or  when  a 
yellow  or  olive  green  powder  separates  out.  Now 
drop  in  a  piece  of  pure  tin-foil,  as  big  as  a  j  ea  when 
tightly  folded,  heat  again,  and  if  a  tungsten  mineral, 
the  solution  will  become  a  beautiful  deepblue  colour. 
Continue  boiling  and  the  blue  will  change  to  dark 
brown,  should  enough  tin  and  acid  be  present.  If 
the  brown  fails  to  appear,  more  tin  or  acid  maybe 
added  as  an  excess  of  either  does  no  harm.  The  tin- 
foil in  packages  of  tobacco  will  answer  the  purpose, 
but  the  pure  article  is  much  better,  as  the  former  is 
nothing  but  lead  thinly  coated  with  tin.  The  tung- 
sten compounds  aie  apt  to  stick  to  the  test  tube, 
which  after  being  well  washed  out,  may  easily  be 
cleaned  by  warming  a  little  dilute  ammonia  in  it. 
Barium  sulphate,  or  '  heavy  spar,"  is  often  mistaken 
for  scheelite,  but  the  barium  mineral,  of  course, 
does  not  react  for  tungsten,  and  unlike 
scheelite,  which  is  very  difficult  to  melt,  a  thin 
splinter  of  heavy  spar  may  readily  be  fused,  by 
holding  it  in  a  pair  of  forceps,  and  directing  the 
flame  of  the  spirit  lamp  upon  it  with  a  blowpipe.  It 
a  thin  platinum  wiie  be  dipped  into  hydrochloric 
acid,  then  into  powdered  barium  sulphate,  and  be 
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held  against  the  lower  part  of  the  alcohol  flame  until 
red  hot,  t lie  flame  will  turn  green,  the  colour  persist- 
ing for  some  time.  Powdered  lead  carbonate  eii'er- 
vesces  and  dissolves  when  heated  with  dilute  nitric 
acid,  neither  of  which  is  the  case  with  scheelite  or 
heavy  spar,  it  similarly  treated. 

Molybdenum. — Micaceous  hematite,  graphite  and 
molybdenite  are  occasionally  confused,  but  the 
former,  unlike  the  other  two,  shows  a  red  streak  if 
scratched  with  a  knife,  and.  when  crushed,  yield-  a 
red  powder.  Heat  and  acids  have  practically  no 
effect  upon  graphite,  but  if  pulverized  molybdenite 
be  roasted  at  a  dull  red  heat,  on  a  piece  of  a  tin  can, 
or  in  an  iron  spoon,  with  free  access  of  air.  a  smell 
of  sulphur  is  given  oft",  and  the  Hakes  on  cooling 
become  yellowish  or  whitish.  Molybdenum  maybe 
detected  by  evaporating  the  powdered  mineral  to 
dryness  in  a  porcelain  cup,  with  three  or  four  times 
as  much  strong  nitric  acid,  then  heating  to  boiling 
with  two  or  three  volumes  of  hydrochloric  acid,  when 
the  addition  of  a  piece  of  pure  tin  foil  and  further 
warming  causes  the  solution  to  become  green,  and 
finally  Brown,  if  molybdenum  he  present,  if  pul- 
verized molybdenite  he  boiled  in  a  porcelain  cup, 
with  three  or  four  volumes  of  strong  nitric  acid  until 
dry,  and  the  heating  be  continued  for  a  minute  or 
two  until  copious,  pungent  white  fumes  come  oil' the 
surface  of  the  powder  on  cooling,  and  portions  of  the 
cup  assume  a  deep  ultramarine  blue  colour  which 
may  often  he  improved  by  repeatedly  breathing  into 
the  cup  while  cooling.  Thin  porcelain  cups,  or 
'  crucibles'  as  they  are  frequently  styled,  are  better 
than  test  tubes  for  evaporating  solutions,  and  they 
may  he  obtained  from  dealers  in  assayers'  supplies. 
Two  inches  wide  at  the  top  is  a  handy  size,  and  the 
cup  can  be  conveniently  held  over  the  spirit  lamp  by 
means  of  an  iron  wire,  one  end  of  which  is  formed 
into  a  loop.  A  quarter  of  a  teaspoon,  level  full  of 
the  clean  powdered  mineral,  is  ample  for  the  above 
tests. 

Vanadium. — Most  vanadium  minerals  may  be 
sufficiently  decomposed  for  testing  by  warming  the 
line  powder  for  a  few  minutes  with  nitric  acid  over 
an  alcohol  lamp,  preferably  in  a  porce'ain  cup. 
About  six  volumes  of  dilute  nitric  acid,  half  acid  and 
half  water,  will  generally  answer  the  purp<  se,  unless 
the  substance  he  difficult  to  decompose,  when  a 
longer  application  of  a  gentle  heat  and  more  of  the 
dilute  acid  may  he  requiied.  After  the  acid  seems 
to  have  no  more  effect,  and  red  fumes  cease  to  come 
off,  the  solution  is  <  iluted  with  one  or  two  volumes 
of    water,  brought  to  a  boil,    and    set    aside   to  clear. 

Settling  may  often  !»•  assisted  by  pouring  some  of 
the  liquid  into  a  (lean  test  tube.  When  fairly  (dear, 
add  a  little  hydrogen  peroxide,  and  if  vai  adium  he 
present,  the  solution  will  immediately  'become 
reddish-brown.  The  ordinary  .'!  aqueous  solution 
of  hydrogen  peroxide,  which  can  he  had  at  most 
drug  stoics,  works  well,  and  about  a  quarter  of  a 
tcaspoonful  of  the  powdered  mineral  may  he  used. 
If  desired  the  presence  of  vanadium  may  he  con 
firmed  by  evaporating  another  portion  of  the  powder 
to  dryness  in  a  porcelain  cup,  with  dilute  nitric  acid 
at  a  gentle  heal,  and  warming  the  residue  with 
dilute  sulphuric  acid,  when  the  addition  of  a  piece  of 

commercial  -licet  zinc   Causes   the   solution  to  become 

bluish-green,  then  green,  then  bluish-violet,  and 
finally  lavender.  The  same  succession  of  colours  is 
produced  by  heating  the  residue  with  hj drochloric 

acid  and  tin  foil.  The  (dearer  the  solution  I  he  better, 
and  after  heating  for  a  minute  or  two  with  either  of 

the  acids,  it  is  a  good  plan  to  let  1  he  I  i<|  uid  set  t  le . 
and  then  to   pour  some  of    it    into  a  test    tube  before 


adding  the  zinc  or  tin.  The  dilute  sulphuric  acid 
solution  usually  attacks  the  zinc  in  the  cold,  but  the 
tin  and  hydrochloric  acid  should  be  warmed.  If  the 
zinc  lie  in  excess,  and  be  allowed  to  lemaininthe 
sulphuric  add  solution  until  chemical  action  ceases, 
ami  the  liquid  he  then  poured  off,  the  zinc  into 
another  test,  tube,  the  lavender  soon  changes  to  a 
deep  brown.  On  evaporating  the  powder  with  the 
dilute  nitric  acid,  the  presence  of  vanadium  may  be 
indicated  by  the  foimation  of  dark  red  rings  on  the 
sides  of  the  cup,  hut  the  colour  due  to  iron  may 
deceive  the  unwary. 

When  a  drop  of  strong  nitric  acid  is  placed  upon  a 
piece  of  the  mineral  vanadinile,  which  is  a  lead 
vanadate,  a  yellow  coating  soon  appears,  [f  the 
vanadium  sulphide,  patronite,  be  pulverized  and 
heated,  say  on  a  piece  of  thin  sheet  iron,  a  strong 
smell  of  sulphur  is  perceived  and  the  sulphur,  some 
of  which  is  free,  on  further  heating,  takes  lire.  A 
green  solution  is  obtained  when  powdered  patronite 
is  boiled  with  three  or  four  times  as  much  strong 
nitric  acid  until  no  more  red  fumes  come  off,  and  on 
diluting  the  liquid  with  several  volumes  of  water, 
allowing  to  settle,  and  then  adding  hydrogen 
peroxide,  the  characteristic  reddish-brown  colour 
immediately  appears.  Other  minerals  have  been 
mistaken  for  patronite,  which  latter,  as  far  as  the 
writer  knows,  has  hitherto  been  found  in  Pern  only. 
This  patronite  oie  not  only  contains  a  good  deal  of 
sulphur,  but  also  carbon,  and  the  writer  once 
attempted  to  fuse  some  of  it  with  nitre  before  burn- 
ing off  the  sulphur,  and  soon  discovered  the  mixture 
to  he  a  very  fair  grade  of  gunpowder,  little  of  it 
remaining  after  the  application  of  heat. 

Tellurium. — Tellurium  is  chiefly  of  interest  on 
account  of  its  occurrence  in  combination  with  gold, 
silver  and  other  metals.  Select  as  pure  specimen-  as 
possible,  or  if  in  small  particles,  concentrate  the 
supposed  teUuride  ore  by  panning,  dry  and  grind 
the  concentrates  to  a  line  powder.  Heat  with  strong 
sulphuric  acid  in  a  porcelain  cup,  when  if  the  solution 
becomes  carmine,  it  is  a  sign  of  the  presence  of 
tellurium.  The  colour  can  be  improved  by  adding  a 
small  piece  of  pure  tin  foil,  heating  and  allowing  to 
cool,  in  fact  if  the  oie  is  oxidized,  the  addition  of  the 
tin  is  necessary.  The  colour  fades  in  time  hut 
reappears  on  heating.  Instead  of  at  first  using 
sulphuric  acid,  it  is  better  to  boil  the  powder  with 
strong  nitric  acid  until  red  fumes  cease  to  be  given 
off,  then  to  add  strong  sulphuric  acid,  heat  until 
white  fumes  appear  and  drop  in  a  little  piece  of  tin 
foil,  the  same  carmine  colour  being  produced  by 
tellurium.  These  methods  are  apt  to  Ik  unsatis- 
factory at  times,  hut  the  mole  conclusive  tests  are 
in  general  more  complicated. 

Borates.  Borates,  of  commeicial  value  as  sources 
of  borax  and  boric  acid,  may  1  e  overlooked,  and  yet 
to    test    these    minerals    for    boric   acid   is   extrenioly 

simple.     I'ut  about   a  teas] nful  of  the  powdered 

material  in  a  saucer,  moisten  the  powder  with  strong 
sulphuric  acid  and  pour  some  alcohol  ovei  the 
mixture.  Light  tic  alcohol,  and  if  boric  acid  he 
present  in  some  quantity,  the  flame  will  have  a  deep 
-iccn  colour,  especially  on  stirring.  Silicate?,  like 
tourmaline  and  some  other  minerals  which  contain 
boron,  do  not  respond  to  this  test,  hut  such  are  of  no 
value  for  their  hoi  ic  acid. 

Nitrates.-  Nitrates  burn  vividly  when  heated  on  a' 

piece  of  charcoal  by  diiecting  the  flai f  a  spirit 

lamp,  or  candle,  upon  the  mineral  with  a  blowpipe. 
If  another  portion  of  the  suspected  mineral  be 
powdered,  mixed  with  copper  filings,  and  then  heated 
in    a    test    tuhe    with   strong   Bulphuric   acid,  the   red 
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fumes,   characteristic  of  nitric-  acid,  are  given  off, 
providing  it  be  a  nitrate. 

Phosphates.  Warm  t  lie  powdered  mineral  for  a 
few  minutes  in  a  test  tube  with  three  or  four  times 
as  much  nitric  acid,  and  ^ hen  cool,  pour  a  few  drops 
of  the  solution  into  another  test  tube  containing 
a  1  Mint  two  teas) mi ii i fnl Mil  cold  ammonium  molybdate 
solution.  If  phosphoric  acid  be  present  a  yellow 
precipitate  will  soon  appear.  The  ammonium 
molybdate  solution  is  made  by  dissolving  some  of 
the  substance  in  water  and  adding  a  little  nitric 
acid."— Gordon  Surr. — The  Minimi  World,  Aug. 
14.  1909,  p.  369-70.     (C.  B.  S.) 


Reviews  and  New  Books. 


(  We  shall  be  pleased  to  review  any  Scientific  or  Tech- 
nical Work  sent  to  us  for  that  purpose.  ) 


The  Natural  History  of  the  Igneous  R<  cks. 
\',\  Alfred  Harker,  M.A.,  F.R.S.,  Lecturer  in 
Petrology  in  the  University  of  Cambridge. 
12s.  lid.     (London  :  Methuen  «S;  Co.) 

"Prof.  Harker's  reputation  as  a  petrologisl  stands 
unrivalled  in  this  country,  and  many  geologists  have 
regretted  that  his  activities  as  author  have  lately 
been  so  restricted. 

I'ntil  some  sort  of  agreement  is  arrived  at  as  to 
the  condition  of  the  earth's  interior,  petrology  must 
always  he  to  some  extent  a  science  w  Li  hout  adequate 
foundation.  Prof.  Harker  deals  with  this  aspect  of 
the  subject  v\  ith  tare  ability  and  philosophical  grasp. 
Discussions  as  to  the  liquid  or  other  condition  of  the 
earth's  interior,  he  infers,  cease  to  be  pressing,  since 
even  if  the  former  hypothesis  he  established,  the 
evidences  of  volcanoes  now  active— some  of  which 
exhibit  a  difference  of  level  of  nearly  10,000  ft. 
although  only  twenty  miles  apart — forbid  us.  owing 
to  the  fundamental  hydrostatic  law,  to  suppose  that 
the  lavas  emitted  are  drawn  directly  from  a  common 
source.     The   evidence   forces   us  to  the  conclusion 

that  the  local  reservoirs  of   individual    volca S   are 

supplied  by  drafts  from  some  much  larger  body  of 
rock  magma  with  which  it  communicates,  while  in 
certain  cases  where  evidences  over  a  large  ana  point 
to  community  of  origin,  'we  must  conceive  a  very 
extensive  intercrustal  magma-basin,  or  a  train  if 
such  basins,  underlying  the  tract  in  question.' 

Prof.  Harker  onre  more  disposes  of  the  error  thai 
volcanic  action  either  exhausts  or  even  dominates 
igneous  action  generally:  its  comparatively  suh- 
sidiary  importance  as  a  geological  agent  (' intruded 
rock-oodies  hulking  far  more  largely  in  the  composi- 
tion of  the  outer  crust  than  extruded  matei  ial  ')  being 
again  noted.  Snmmaiily,  igneous  action  may  he 
divided  into  three  phase-  :  the  volcanic  phase,  the 
plutonic  phase,  and  the  phase  of  minor  intrusions 
such  as  d\  kes  and  sills.  There  is  sufficient  regularity 
about  this  sequence  to  give  it  a  fundamental  signifi- 
cance. 

Adopting  and  enlarging  Judd's  conception  of  dis- 
tinct petrographical  provinces,  Harker,  in  approach- 
ing the  work  of  rock  classifications  proper,  distin- 
guishes between  Atlantic  and  Pacific  branches,  the 
types  of  the  former  1  eing  richer  in  alkalies  and  the 
latter  in  lime  and  magnesia.  The  former  i-,  more- 
over distinguish* d  by  a  greater  diversity  <  f  rocks. 
Concerning  the  serial  relationship  of  the  rocks  in 
chronological  order,  there  is  great  difference  of 
opinion,  and    we  are  on  more  difficult  ground,      For 


the  plutonic  phase,  at  least,  it  is  the  case  that 
decreasing  basicity  is  sufficiently  regular  to  consti- 
tute a  law.  With  regard  to  minor  intrusions  the 
succession  is  more  complicated,  hut  a  reverse  order 
of  decreasing  acidity  holds  good. 

The  last  section  of  the  book  deals  with  petrogenesis 
('the  study  of  igneous  rocks  as  the  products  of  the 
consolidation  of  molten  magmas'),  the  chapters  on 
'the  crystallisation  of  rock  magmas"  and  'the 
structures  of  igneous  rocks5  being  sterling  examples 
of  the  scientific  treatment  of  difficult  questions." — 
London  Mini,,./  Journal,  Oct.  23,  1909,  p.  149  (A.  K.) 

Beneficio  in-:   Metales   hk   Plata    y    Oeo    for 
Cianuracion.     By  Ferdinand  McOann.     Pp. 

354,  illustrated,  i  ;.','■  91,  in.,  cloth.  $5.  (Mexico 
City,  1909:  Published  by  the  Author.) 
"Mr.  Met 'aim  has  produced  in  Spanish  an  excel- 
lent practical  and  scientific  treatise  on  cyanidation 
that  is  worthy  to  rank  with  the  standard  books  in 
English  on  the  subject,  both  in  matter  and  presenta- 
tion. It  is  necessarily  in  part  a  compilation,  hut 
hack  of  it  is  the  author's  extended  experience,  parti- 
cularly in  the  Mexican  held,  and  a  wide  and  intelli- 
gent study  of  the  actual  methods  and  results  in  the 
leading  camps.  The  main  text  of  the  book,  devoted 
to  the  theory  and  practice  of  cyanidaiion,  is  clear, 
concise  and  complete,  ami  also  sufficiently  scientific 
to  put  the  book  above  the  class  of  manuals  for 
beginners  of  which  there  are  already  too  many.  The 
chapters  given  to  the  practice  and  results  in  the  lead- 
ing Mexican  mines — El  Oro,  Dos  Estrellas,  Mines  of 
Mexico,  Esperanza,  Guanajuato  Consolidated,  Real 
del  Monte  y  Paehuca,  Coscotitlan,  Hacienda  San 
Francisco  at  Paehuca  and  San  Rafael — are  of  timely 
interest  and  great  value,  although  from  the  progres- 
sive natuie  of  the  subject  are  somewhat  transitory 
for  a  hook.  Other  chapters  deal  with  special 
problems  of  cyanidation  and  present  useful  tables. 
The  hook  is  well  illustrated.  The  wide  application 
of  cyanidation  in  Spanish-American  countries  makes 
the  publication  of  this  book  in  Spanish  particularly 
appropriate.  It  will  serve  the  increasing  number  of 
Spanish-speaking  engineers  who  are  rapidly  realising 
the  urgent  need  of  know  ledge  of.  the  subject  and 
also  will  he  of  interest  to  the  English-speaking 
metallurgists  who  can  read  it  and  who  will  find  it  a 
practical  lexicon  for  the  technical  phrases  of  the 
business."-  The  Engineering  and  Mining  Journal, 
Oct.  9,  1909,  p.  74(1.'    (W.  A.  C.) 
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Peckham,  S.  F.  Solid  Bitumens.  Roy.  Svo. 
Span.     Net  2 Is. 

Peel,  Robert.  An  Elementary  Text  Rook  of  Coal 
Mining.  14th  edition.  12mo.,  pp.  372.  Blackie. 
2s.  6d. 

Penkin,  W.  H.,  and  Lean,  Bevan.  An  Introduc- 
tion to  Chemistry  and  Physics.  12mo.  pp.  236. 
Macmillan.     3s.  fid. 

Kedmayne,  1J.  A.  S.  Modern  Practice  in  Mining. 
Vol.  2.  The  Sinking  of  Shafts.  Svo.,  pp.  292. 
Longmans.     Net  7s.  6d. 

Rogers,  A.  W.  An  Introduction  to  the  Geology 
of  ('ape  Colony.  New  edition.  Svo.  Longmans. 
Net  !>s. 

Sheldon,  Samuel,  and  others.  Alternating  and 
Current  Machine  s  ;  being  the  2nd  volume  of  I  tynamo 
Electric  Machinery.  8th  edition.  Completely  re- 
written.    S\o..  pp.366.     C.  Lockwood.     Net  12-. 

Shillito,  F.  \V.  Handbook  of  Corliss  Steam 
Engine-.     4th  Edition,     svo.     Spon.     Net  4s.  6d. 

Smith,  11.  E.  Strength  of  Material.  2nd  edition. 
Cr.  Svo.     Chapman  ana  Hull.     Net  5s. 

Smith,  J.  Cruickshank.  ( >xide  of  Zinc,  Its  Nature, 
Properties,  and  Uses.  Cr.  Svo.,  pp.  112.  TnnU 
Paper  Co.     Net  3s. 


Stewart,  A.  W.  Recent  Advances  in  Physical 
and  Inorganic  Chemistry.  8vo.  pp.  2S2.  Longmans. 
Net  7-.  (id. 

Steinmitz,  C.  P.  General  Lectures  on  Electrical 
Engineering.  3rd  edition.  8vo.  C.  Lockwood. 
Nel  8s.  6d. 

Thorpe,  Sir  Edward.  Bistory  of  Chemistry.  Vol.  1. 
(History  of  Science  Series).  12mo.  pp  148.  Watts. 
Nel  Is. 

Thorpe,  Sir  Edward.  History  of  Chemistry. 
(History  of  Science  Series).  Cr.  Svo..  pp.  156.  Watts. 
Net  I-.' 

Trautwine,  J.  ('.  Concrete.  Reprinted  from 
•(  Ail  Engineers  Pocket  Book."  12mo.  Chapman 
ds  Hall.     Net  8s.  (id. 

Tutton.  A.  E.  W.  A  Wave-Length  Comparator 
for  Standards  of  Length.  An  Instrument  for  Fine 
Measurements  in  Wave-Lengths  of  Light.  4to.,  sd. 
hi.  In  a.     Net  2s. 

Van  Nostrand's  Chemical  Annual,  1909.  Edit,  by 
J.  Colesen.     Cr.  Svo.     <  'onstable.     Net  12s.  (j. 


Abstracts    of   Patent    Applications. 

(C.)     450/08.     Alexander  John  Arbuckle  (1),  Alfred 
<  '-borne  (2).    Improvements  in  means  for  separat- 
ing  pulverised   ore   or  other  comminuted  solid 
matter  from  liquid.     7.11.08. 
This  specification  claims  the  combination  of  mul- 
tiple settling  surfaces  and  scrapers  "  substantially  as 
described"  for  the  separation  of  pulverised  ore  or 
other  comminuted  solid  matter  from  liquid. 

i(\)     lit!  i 'H<).     (Jeorge  Han-  Hirsch.     Improvements 

in  tube  mill  liners.  5.3.09, 
'  This  invention  relate-  to  tube  mill  liner-  consist- 
ing of  channels  formed  of  ribs  of  iron  placed  so  as  to 
cause  automatic  packing  of  a  layer  of  the  mill  charge. 
These  ribs  may  either  be  arranged  as  a  -ingle  helix, 
as  multiple  helices,  or  as  separate  circles  ;  in  all 
cases  they  are  held  in  position  by  specially  designed 
locking  1  at-,  by  wedges  or  by  other  suitable  means. 

(C.)  421/09;  Henry  Cawood  Embleton.  Improve- 
ments in  or  connected  with  pneumatic  stamps 
for  crushing  ores  and  the  like.      14.9.09. 

1.  This  application  covers  a  device  for  balancing 
the  reciprocating  parts  of  the  -tamp  which  are  used 
for  operating  the  stamp  proper. 

2.  A  device  for  revolving  the  stamp  continuously, 
variably,  and  yielding,  so  that  the  -tamp  strikes  the 
ore  with  a  twisting  motion. 

3.  A  scheme  for  making  up  the  length  and  weight 
lost  by  the  wearing  of  the -hoe. 

1.  A  revolving  teed  drum  with  longitudinal  grooves 
and  various  adjusting  devices. 

5    A  Scotch  yoke  for  doing  away  with  an  oscillat 
ing  connecting  rod  with  combinations  of  all  of  the 
above. 

(C.)  505/09.  Charles  Allen.  Slime  separator  and 
classifier.  6.11.09. 
This  application  relates  to  a  -lime  separator  and 
classifier,  the  principal  feature  of  which  consists  in 
automatic  regulation  of  discharge.  The  apparatus 
consists  essentially  of  a  cone  fitted  with  an  annular 
buoy  in  floating  suspension  in  a  tank  containing  a" 
liquid,  the  vertical  rise  and  fall  of  which  is  depen- 
dent upon  the  proportion  of  solids  to  liquids  contained 
in  the  cone  ;  this  vertical  movement  regulate-  the 
discharge    opening     which     consists    (A     a    conical 

mender,    in    the    centre    of    which    a    lixed    valve   is 
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placed,  and  al.so  opens  and  closes  the  end  of  the  dis- 
charge by  its  relation  to  a  fixed  valve  [date. 

(C.)  514/09.  Harry  August  Stockman.  Improve- 
ments in  means  or  apparatus  for  disintegrating 
cues,  minerals  and, other  materials,  and  recover- 
ing the  metal  or  other  contents  thereof.   12.1  L.09. 

Tins  application  is  in  respect  of  a  machine  "  for 
disintegrating  ores,  minerals  and  other  materials  and 
recovering  the  metal  or  other  contents  thereof. 

The  apparatus  consists  of  a  cylindrical  pan  having 
its  axis  inclined  at  45  and  carried  at  one  end  of  a 
framed  structure,  the  other  end  of  which  is  carried 
on  a  fixed  centre. 

The  end  of  the  cylindrical  pan  travels  on  a  circular 
path  when  the  framing  is  moved  around  iis  fixed 
centre,  and  is  constrained  to  revolve  on  its  own  axis. 

The  inventor  proposes  to  use  animal  power  to 
drive  the  apparatus,  but  points  out  that  steam  or 
other  power  may  be  used. 

The  material  to  be  treated  is  shovelled  into  the 
pan  as  it  revolves  and  a  continuous  stream  of  water 
is  directed  into  the  pan,  the  overflow  passing  oft' 
through  a  pipe  in  the  centre  and  deliving  on  to  a 
suitable  table  carried  under  the  framing  where  the 
metal  or  other  valuable  contents  are  retained,  the 
waste  pulp  passing  oft' at  the  end  of  the  table  into  a 
circular  launder  or  trench  which  leads  it  away. 


Selected  Transvaal  Patent  Applications. 

Relating  to  Chemistry,  Metallurgy  and 
Mining. 


Compiled  by  C.  H.  M.  Kisch,  F.M. Chart. Inst. P.  A. 

(London),  Johannesburg  (Member). 


(N.B. — In  this  list  (P)  means  provisional  specifica- 
tion, and  (C)  complete  specification.  The  number 
given  is  that  of  the  specification,  the  name  that  of  the 
applicant,  and  the  date  that  of  filing. ) 

(P.)  593/09.  Edward  Emery  Hardach.  Improve- 
ments in  stamp  dies  and  means  for  fixing  the  same. 
28.12.09. 

(P.)  594/09.  Alfred  Berriman.  Improvements 
in  means  for  disposing  of  tailings  and  similar 
material  on  mine  dumps  and  other  depositing  sites. 
30.12.09. 

(C.)  595/09.  Percy  St.  George  Kirke  (1),  Francis 
Sanders  Morris  (2).  Improved  method  of  and  means 
or  apparatus  for  producing  and  utilising  a  mixture 
of  plastic  fluids  for  motive  power  or  other  purposes. 
31.12.09. 

(C.)  597/09.  Frederick  Carl  Siemens.  Improve- 
ments in  regenerative  gas  furnaces.     31.12.li'.). 

(C.)  498/09.  Dr.  Carl  Beindl.  Improvements  in 
and  connected  with  the  manufacture  of  hydrocyanic 
acid  and  cyanides.     31.12.09. 

(C.)  599/09.  Richard  Sdierl  (1),  Paul  Frohlich 
(2).  Improvements  in  or  relating  to  gyroscopic 
mechanism.     31. 12.09. 

(0.)  1/1<>.  Michael  Woods  (1),  Thomas  Jefferson 
Gilbert  (2).  Improvements  in  machines  for  dressing 
rails.     4.1.1(1. 

(C.)  2/10.  George  Boulton  Brown  Elliott.  An 
improved  grating  for  mills  for  pulversing  quartz  and 
similar  material.     4.1.10. 

(P.)  3/10.  William  Edward  Harding  (1),  Walter 
Bedford  Thenyon  (2).  An  improved  chuck  for  rock 
drills  and  the  like.     4.1.10. 


(P.)  4/10.  William  Pill  (1),  Samuel  Thomas  (2). 
Improvements  in  and  relating  to  linings  for  tube 
mills.     4.1.1(1. 

(C.)  5/Ki.  Arthur  Reginald  Angus.  Improve- 
ments in  and  relating  to  devices  for  preventing  colli- 
sions between  railway  trains  "().".     5.1.111. 

(P.)  6/10.  James  White.  Improvements  in  cen- 
trifugal pumps,     (i.  1.  Kt. 

(P.)  T.lo.  Edmund  Paul  Millington  Jerrard. 
Improvements  in  and  relating  to  mine  signalling 
instruments  ami  the  like.     0.1.10. 

(C.)  8/10.  Arthur  Eilert  Drucker.  Continuous 
Slimes  vacuum  filter.     7.1.  in. 

(P.)  9/10.  Arthur  Yeart  Smith.  An  improved 
method  for  the  construction  of  gates  or  gateways  in 
fences  and  improved  parts  therefor.     12.1.10. 

(P.)  10/10.  Karl  Hens.  Portable  ambulance 
dipping  tank.     13.1.10. 

(C.)  11/10.  Joseph  Storey  Curtis.  Demagnetisa- 
tion apparatus  for  diamond  drill  rods.     13.1.  Id. 

(P.)  13/10.  Harold  Arthur  Tute.  Improvements 
appertaining  to  the  distribution  of  fluid  pressure. 
15.1.10. 

(P.)  16/10.  L.  B.  Woodworth  (1),  H.  J.  S. 
Heatber  (2),  R.  Curtis  (3).  An  improved  method  of 
electrically  altering  the  range  of  overload  release 
devices  on  switch  gear  and  the  like.     21.1.10. 


Changes  of  Addresses. 

Members  and  Associates  are  requested  to  notify  the 
Secretary  immediately  of  any  change  in  address, 
otherwise  it  is  impossible  to  guarantee  the  delivery  of 
Journals  or  Notices.  The  Secretary  should  be  notified 
of  non-receipt  of  Journals  and  Notices  at  once. 

ANDEKSON,  A.  G.  l/o  Germiston  ;  Rezende,  Penha- 

longa,  Rhodesia. 
Atkinson,  C.  E.,  l/o  Queque  ;  c/o  C.  L.  Atkinson, 

29,  Tyrrel  Street,  Bradford,  Yorks. 
Barratt,  R.  L.,  l\o  Bushtick  Mine  ;  P.  0.  Box  101, 

Gwelo,  Rhodesia. 
Brown,     G.    D.,    l/o    Barberton ;     Burger    Street, 

Krugersdorp. 
COATON,  A.  A.,  to  P.  O.  Box  166,  Fordsburg. 
Cogle,  C.  T.,  New  Kleinfontein  Co.,  Ltd.,  Benoni. 
Collings,  B.   I.,  l/o  Exeter;  P.  O.  Box   80,  Salis- 
bury, Rhodesia. 
Cooke,  R.    C.    H,    to  P.    O.    Box  210,   Salisbury, 

Rhodesia.     Consulting  metallurgist. 
Hutton,   C.    E,,    l/o    Benoni  ;    Fairwood,    Orange 

Grove,  Johannesburg. 
Jordan,  T.  W.,  to  City  and  Suburban  G.  M.  Co., 

Ltd.,  P.  O.  Box  1026,  Johannesburg. 
Laret,     H.,    l/o    Zeerust;     Bushtick,    Bulawayo, 

Rhodesia. 
Melvill,    G.,   l/o   Luipaardsvlei ;  c/o  Geo.    Baker, 

Watermeyer  Street,  Grahamstown,  C.C. 
XlCHOLLS,     R.,     l/o     Bulawayo;     P.     O.     Box     2, 

LuipaardsA  lei. 
PATTERSON,   P.   F.,  l/o  Penhalonga  ;  Golden  Kopje 

Mine,  per  Private  Bag,  Salisbury,  Rhodesia. 
PlASECKl,  S.,  /"  Johannesburg;  Sub  Nigel  G.    M. 

Co..  Ltd.,  Nigel. 

REECE,  V.  B.,  l/o  Lead,  South  Dakota:  Sotorro 
Mines.   Mogollon,   New    Mexico,   U.S.A. 

Smith,  S.  A.,  l/o  Benoni  :  NewJagersfontein  Mining 
and  Exploration  Co.,  Ltd.,  Jagersfontein,  O.R.C. 

Williams,  C.  W.,  l/o  Sydney  ;  90,  Queen  Street, 
Melbourne,  Australia. 

YATES,  Prof.  J.,  to  Transvaal  Mining  Institute,. 
P.  O.  Box  2S2J,  Johannesburg. 
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Proceeding's 

AT 

Ordinary  General  Meeting-, 
February  26,   1910. 


The  Ordinary  General  Meeting  of  the  Society 
was  held  in  the  Lecture  Theatre  of  the  Trans- 
vaal University  College,  on  Saturday  evening, 
February  26th,  Mr.  A.  McArthur  Johnston 
(President)  in  the  chair.  There  'were  also 
present : — 

56  Members  :  Messrs.  W.  E.  Dowling,  F. 
F.  Alexander,  E.  H.  Croghan,  A.  Richardson,  G. 
O.  Smart.  Prof.  G.  II.  Stanley,  J.  E.  Thomas, 
A.  Whitby,  H.  A.  White,  Prof.  J.  A.  Wilkinson, 
P  G.  Bevington,  W.  A.  Caldecott,  A.  F.  Crosse, 
E.  L.  Adams,  H.  A.  Adams,  J.  F.  Bagshaw,  I'. 
W.  Bentlev,  W.  Broom,  J.  M.  Campbell,  S.  Caris, 
J.  Chilton,  F.  W.  Cindel,  D.  Coll,  M.  J.  Doyle, 
A.  D.  Gillmore,  B.  J.  Hastings,  C.  B.  Hilliard, 
H.  Howard,  M.  C.  Inglis,  T.  Johnson,  G.  A. 
Lavvson,  H.  Lea,  J.  Lea,  W.  D'A.  Lloyd,  C.  E. 
Meyer,  P.  T.  Morrisby,  M.  T.  Murray,  S.  Newton, 
E.  A.  Osterloh,  E.  Pam,  C.  F.  Parry,  F.  D. 
Phillips,  E.  T.  Band,  W.  H  Boe,  H.  A.  Scarf, 
R.  D.  Scotland,  G.  H.  Smith,  B.  T.  Solly,  S.  II. 
Steels,  B.  Stokes,  A.  Thomas,  .1.  B.  Thurlow, 
.J.  F.  Walker.   F.  Wells,  and  L.  J.  Wilmoth. 

'I'l  Associates  and  Students  :  Messrs.  A.  B. 
Adams,  C.  Y.  Bruce,  C.  J.  Crocker,  G.  .1.  V 
Clarence,  J.  Cronin,  C.  L.  Dewar,  J.  H.  Hopkins, 
W.  .1.  1!.  Hunter,  E.  G.  Kenyon,  A.  King,  E. 
Lee,  C.  Lipschitz,  C.  J.  McCaffrey,  G.  Musson, 
W.  S:  New,  11.  B.  Powter,  I".  .1.  Pooler,  H.  G. 
Roakc,  .1.  H.  Smith,  11.  Stadler,  A.  Willcox  and 
W.  Waters. 

20  Visitors  (including  Messrs.  W.  McDermott, 
11.  (!.  Nicholls  and  E.  C.  Dyason),  and  Fred. 
Rowland,  S<  cretary. 

The  minutes  of  the  previous  monthly  meeting, 
as  printed  in  the  January  ./<,itn<n/,  wereconfhmed. 
Ni:\v    MEMBERS. 

Messrs.  Newton  and  Roe  were  appointed 
scrutineers,  and  alter  their  scrutiny  of  the  ballot 


papers,   the    President    announced   that    all    the 
candidates  for  membership  had  been  unanimously 
elected,  as  follows  : — 
Collins.     Henry   Stanley,    Crown   Mines,   Ltd., 

P.  O.  Box  102,   Fordsburg.     Cyanider. 
Hall.    Charles    Ernest,    Crown    Mines,    Ltd., 

P.  0.  Box  355,  Johannesburg.     Cvanider. 
Judge,    Arthur   Theophilus,    Machavie  G.   M. 

Co.,  Ltd.,  Potchefstroom.     Mining  Engineer. 
Middleton,  Henry  Victor,  Crown  Mines,  Ltd., 

P.  O.  Box  102,  Fordsburg.     Cvanider. 
Owen,  Lionel  Arthur,  Crown  Mine-.  Ltd.,  P.  0. 

Box  1124,  Johannesburg.     Cyanider. 
SHORT,    ARTHUR    Kkoinald,    Crown    Mine>,    Ltd., 

1'.  0.  Box  36,  Fordsburg.     Cvanider.     (Transfei 

from  Associate  Roll.)  —~~?-  -       -s 

Wool,  John-  Egerton,  A.M.Inst.C.E.,   A.R.S.M., 

Batavia,  Java.     Consulting  Mining  Engineer. 
Wvi.v,    Arthur  James,  Mijnhonw    Maatschappij 

Siman,    Lebong    Tandai,    Benkoeltn,    Sumatra. 

Metallurgist. 

The  Secretary  :  Since  the  last  meeting  of 
the  Society  the  following  have  been  admitted  by 
the  Council : — 

As  Associates. — 
Chittenden,  Edgab  Darlington,  1*.  0.  Box  2235, 

Johannesburg.     <  ilaimholder. 
CREAGH,   Johx,   Geldenhuis  Deep,  Ltd.,   P.  ().  Box 

.">t,  Cleveland.     Cvanider. 
Gillmork,  William  Duncan",  Aurora  West  Cnited 

G.   M.    Co.,   Ltd.,   P.   O.  Box  26,   Maraisburg. 

Cyanider. 
Nisbeth,  Gosta  Fredbik  Arthur,  P.  O.  Box.6221, 

Johannesburg.     Mining  Engineer. 
Oliver,  Edwin  Letts,  North  Star  Mines  Co.,  Grass 

Valley,  Cab,  U.S.A.     Metallurgical  Engineer. 
SUMMEBSGILL,  JAMES  William,  EHobane,  Vryheid, 

Natal.     Coke  Manufacturer. 
Sutherland,  William  Joseph  Patebson,  Dyna 

mite  Factory,  Modderfontein.     Chemist. 
As  Students.— 
Gibb,    Bertie,    Sub-Nigel   Ltd.,   Nigel.      Cyanide 

Learner. 
Taylor,  Michael,  Princess  Estate  and  G.  M.  Co., 

Ltd.,    1'.    (».    Box    112,    Roodepoort.       Cyanide 

Learner. 
Thobne.  Thomas  Llewellyn,  Aurora  West  United 

G.    M.    <  o  .    Ltd.,    P.   i  >.    Box  97,    R lej  oprt. 

( 'yanide  l.eai  ner. 

President's    Reti  rn. 
Mr.    W.     R.    Dowling    (Vice-President):     I 
should  like  to  take  this  opportunity  i  :  welcoming 
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our  President  after  a  four  months'  holiday.  He 
is  looking  very  well  and  so  must  have  been 
enjoying  himself.  I  understand  he  has  seen  quite 
a  number  of  our  oversea  members,  and  will  be 
able  to  tell  us  about  them. 

The  President  :  I  thank  you  heartily  for 
your  welcome  to  me  on  my  return,  and  can  but 
say  that  it  is  a  great  pleasure  to  me  to  be  back 
once  more.  In  addition,  I  would  take  this 
opportunity  of  congratulating  your  Vice- 
Presidents  on  the  excellent  progress  the  Society 
has  made  during  my  holiday,  and  I  feel  that  I  am 
to  be  envied  in  having  such  capable  leaders  to 
help  me  through. 

The  most  prominent  feature  of  my  holiday  was 
the  hearty  welcome  I  received  from  mining  and 
metallurgical  men  at  home  in  my  capacity  as 
President  of  this  Society  It  was  a  delight  to 
me  to  find  that  amongst  the  most  up-to-date  in 
our  profession,  I  needed  no  introduction,  as  our 
work  here  was  well  known  and  appreciated,  and 
my  only  wish  is  that  the  friendship  I  received 
from  them  as  your  President,  will  be  continued 
as  an  individual  when  my  term  of  office  expires. 
I  met  and  was  hospitably  received  by  our 
corresponding  Member  of  Council,  Mr.  G.  T 
Holloway,  who  is,  I  am  pleased  to  say,  recovered 
from  his  regrettable  accident ;  by  one  of  our  past 
presidents,  Mr.  W.R  Feldtmann;  by  our  honorary 
member,  Mr.  J.  S.  MacArthur,  with  both  of  whom 
it  was  a  pleasure  to  resume  past  acquaintanceship  ; 
by  Mr.  T.  A.  Packard,  so  well  known  in  the 
journalistic  mining  world  ;  and  by  the  President 
and  Council  of  the  Institute  of  Mining  and 
Metallurgy.  From  each  and  all  of  these  I  had  many 
enquiries  regarding  confreres  on  these  fields,  and 
they  all  sent  kind  messages  to  our  Society,  and  I 
can  only  encourage  you  all  in  our  work  by  saying 
that  the  records  of  it,  as  embodied  in  our  Journal, 
are  highly  appreciated  and  valued. 

Coming  back  with  these  kindly  feelings,  I  am 
lucky  in  being  able  to  reciprocate  in  a  slight 
degree  to-night  by  welcoming  here  one  of  the 
past  presidents  of  the  Institute  of  Mining  and 
Metallurgy,  Mr.  Walter  McDermott. 

As  most  of  you  are  aware,  this  Society  is 
intimately  connected  with  the  Institute  of  Mining 
and  Metallurgy,  and  a  cordial  and  friendly  feeling 
exists,  whilst  papers  of  interest  to  both  Societies' 
members  are  occasionally  printed  in  the  proceed- 
ings of  each  society.  In  addition  the  standardi- 
sation of  screening  and  of  weights  and  measures 
undertaken  by  the  Institute  of  Mining  and 
Metallurgy  has  been  of  very  material  use  to  our 
industry.  Other  fields  are  still  open  for  efforts 
in  similar  directions  and  I  feel  that,  in  as  much  as 
we  may  view  things  somewhat  differently  from  our 
friends  in  London,  it  wrould  be  to  the  advantage 
■of  the  mining  and  metallurgical  world  if  certain 


standards  were  adopted  and  endorsed  by  both 
societies. 

Mr.  McDermott  was  well-known  to  many  of  us 
by  reputation  a  few  weeks  ago.  He  has  now,  I 
am  pleased  to  say,  cemented  this  in  a  more 
personal  manner.  His  knowledge  of  working 
conditions  has  been  considerably  enhanced  during 
his  stay,  and  after  viewing  metallurgical  and 
mining  practice  here,  I  feel  sure  he  will  have 
something  interesting  to  tell  us.  It  is  the  habit 
in  some  countries  to  waylay  visitors  on  their 
arrival  and  get  their  impressions  right  away. 
We  have  been  more  charitable,  or  should  I  say 
lucky,  as  we  have  been  able  to  reserve  his 
remarks  till  the  end  of  his  visit.  With  your 
permission  then  I  would  call  upon  Mr.  McDermott 
to  tell  us  what  he  thinks  of  us,  and  as  the 
traditions  of  this  society  are  not  against  hard 
hitting,  he  need  not  fear  if  he  criticises  us  in  a 
hostile  spirit. 

Mr.  Walter  McDermott,  who  met  with  a 
most  cordial  reception,  said  :  Mr,  President  and 
gentlemen,  I  am  extremely  touched  by  the  kind 
reception  you  have  given  me,  as  indeed  I  have 
been  by  the  reception  I  have  met  with  throughout 
South  Africa  during  my  visit  here.  I  should  be 
well  nigh  overwhelmed  if  I  did  not  recognise  that 
the  attention  which  has  been  paid  to  me,  and  the 
kindnesses  I  have  received,  are  in  a  sense  official 
and  in  my  capacity  as  representing  the  Institution 
of  Mining  and  Metallurgy,  so  that  I  do  not  have 
any  false  modesty  in  assuming  that  it  is  entirely 
personal,  whilst  at  the  same  time  I  have  had 
sufficient  of  that  to  give  it  a  personal  flavour. 
What  your  President  has  said  is  perhaps  a  little 
without  justification  as  to  what  I  can  say  to  you. 
I  have  been  caught  quite  young  in  the  country, 
and  there  is  nothing  really  that  I  can  say  except 
as  to  general  impressions  of  the  conflicting 
conditions  which  exist,  and  of  the  many  unsettled 
questions  regarding  which  it  would  be  very 
presumptuous  were  I  to  attempt  to  give  any 
conclusions  of  my  own.  I  am  still  with  an 
absolutely  open  mind  on  a  number  of  points  in 
which  I  have  taken  great  interest,  but  about 
which  I  can  truly  say  nothing  but  wrhat  I  have 
heard,  but  to  judge  between  them  or  say  anything 
as  to  the  actual  tendency  of  the  conditions  here 
is  quite  impossible  for  me,  even  after  a  few  weeks 
residence.  I  have  seen  a  good  deal,  but  not  half 
as  much  as  I  should  have  done  had  it  not  been 
for  my  occupation  and  travels  to  different  parts. 
I  should  like  to  have  seen  more  of  the  typical 
mining  plants  than  I  have.  Of  course  I  have 
read  a  great  deal  and  thus  have  a  general  idea  of 
what  questions  are  still  open.  I  may  say  in 
connection  with  that,  that  I  do  find  there  is  still 
this  trouble  of  the  diversity  of  opinion  as  to  what 
is    going  to  be   the  treatment  in  the  future.     I 
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say  nothing  of  mining  as  I  have  only  been 
underground  twice,  and  can  therefore  express  no 
opinion.  But  I  have  been  struck  by  the  fttention 
which  is  being  devoted,  not  only  to  the  details  of 
crushing,  but  also  to  the  treatment.  I  find  that 
some  of  }'ou  are  still  occupied  with  the  qu< 
of  the  continuous  treatment,  without  classification, 
of  the  tails,  that  is  the  treatment  of  sand  and  slime 
together.  This  is  nothing  new.  It  has  long 
occupied  the  thoughts  of  all  of  you  but  it  has  not 
been  practically  followed  cut  owing  to  the 
difficulties  of  a  continuous  working  process. 
Everyone  recognises  the  advantages  of  the 
continuous  working  process,  and  if  continuous 
settling  could  !«•  combined  with  the  continual 
operation  of  slime  and  .-and  together,  there  would 
lie  advantages  connected  with  it.  The  question 
of  the  settling  of  slime  itself  almost  necessarily 
involves  further  consideration.  I  find  many 
interesting  facts  are  abroad  at  the  present  time  as 
to  what  is  being  done  in  this  direction  by  more 
than  one  metallurgist  on  the  field.  Of  course 
people  abroad  have  sometimes  unduly  criticised 
the  decantation  system  of  slime  settlement,  very 
often  because  they  have  not  seen  it.  Anyone 
who  has  seen  what  has  been  done  with  the 
decantation  system  gets  his  eyes  opened  to  new 
facts,  and  its  success  here  must  be  admitted  in 
other  parts  of  the  world.  Therefore  any  con- 
clusions arrived  at  abroad  would  require 
modification  so  as  to  give  expression  as  to  what 
has  been  done  here.  Whether  it  is  the  ore  or  the 
skill  of  the  metallurgist,  certainly  you  produce 
effective  settling  and  decantation,  and  the 
reduction  of  values  in  the  solution  and  residues 
is  accomplished.  Therefore  any  changes  from 
that  will  lie  in  the  nature  of  reforms  coming  from 
the  universal  effort  made  to  reduce  cost,  since 
there  is  no  more  chance  of  increasing  extraction. 
I  do  not  want  to  go  into  particulars  as  to  what 
investigations  are  being  made,  lint  any  modifi- 
cation of  a  continuous  system  of  settling  will 
take  time  to  develop  and  it  is  a  matter  on  which 
I  cannot  begin  to  express  an  opinion.  1  only 
introduced  it  here  as  being  one  of  the  points 
which  struck  me  as  being  interesting  to  us,  aid 
to  which  we  and  others  connected  with  the 
Institution  of  Mining  and  Metallurgy  look  Forward 
to  information  from  your  transactions  and  from 
actual  work  here  with  the  greateal  interest. 

Your  President  has  referred  to  the  relations 
between  the  two  Societies  and  I  am  pleased  to 
corroborate  his  wishes  on  behalf  of  the  Institution 
<  f  Mining  and  Metallurgy,  thai  these'  relations 
shall  continue  to  be  of  a  most  intimate  character, 
and  le  extended  in  any  direction  in  which  they 
can  be  made  workable.  (  me  direction  has  1. ecu 
indicated  to  you  by  your  President  in  his  remarks 
to  you  just  now,  that  is,  that  we  should  co-operate 


in  establishing  a  uniformity  of  terms  throughout 
the  world.  We  have  established  a  few  standards 
and  we  think  they  have  been  successful,  for  at 
leas!  they  have  brought  uniformity  of  thought 
amongst  men  and  the  intercommunication  of 
ideas.  I  should  like  to  say  that  the  basis  on 
which  we  have  worked  on  the  other  side  is  one 
that  probably  you  are  soon  also  to  adopt  in 
anything  that  relates  to  the  uniformity  of  practice 
amongst  the  members  of  our  profession  all  over 
the  world.  You  enjoy  advantages  which  we  do 
not  on  tin  other  side.  Our  membership  is  more 
scattered.  We  do  not  get  collected  together,  as 
you  do  in  this  room,  those  men  whose  interests 
are  largely  in  common  as  regards  their  daily 
occupations.  1  think  there  is  hardly  a  subject 
that  anyone  of  you  may  bring  up  for  which  you 
will  not  immediately  get  a  very  large  and 
sympathetic  attention.  Whereas  with  us  we  may 
have  papers  read  at  a  very  large  meeting  in 
which  there  is  comparatively  small  interest.  At 
the  same  time  the  profession  is  wider  than  in 
Johannesburg,  and  the  subjects  of  which  we  treat 
are  perhaps  more  far  reaching,  in  some  respects, 
if  less  interesting.  Therefore  we  find  it  necessary 
not  to  attempt  from  London  to  lay  down  any 
laws  or  even  suggestions  until  we  have  first 
collected  the  opinions  of  engineers  outside 
London.  I  should  like  to  suggest  therefore  that 
in  case  we  should  CO-operate  in  this  movement  as 
to  uniformity  of  terms  that  you  should  be  satisfh  d 
with  our  method,  and  first  of  all  collect  opinions 
by  questions  addressed  to  residents  abroad,  and 
not  only  amongst  yourselves.  When  these 
matters  have  been  submitted  to  engineers  all 
over  the  world,  and  they  have  had  an  opportunity 
of  expressing  themselves  or  suggesting  terms, 
then  you  will  really  feel  that  you  have  the  force 
of  the  profession  1  ehind  you  in  a  way  you  would 
not  have  if  you  simply  adopted  a  certain  system  of 
your  own  in  Johannesburg,  and  I  am  sure  it  will 
meet  with  the  approval  of  all  active  members  of  the 
Institution  of  Mining  and  Metallurgy.  Therefore 
if  you  have  suggested  any  collection  of  terms — 
and  there  was  a  proposal  i  m  our  side  to  attempt  to 
introduce  such  a  thing  though  we  have  taken  im 
steps  yet — you  being  the  first  in  the  field,  if  you 
can  SUggesI  something  of  that  nature  for  our 
consideration,  and  will  join  with  us  in  circularising 
engineers  all  over  the  world,  we  should  heartily 
co-operate  with  you. 

Your  Presidenl  has  suggested  that  I  should 
say  something  on  screens.  There  has  been  some 
misunderstanding  about  these  screens.  W  e 
attach  no  undue  importance  to  their  sland  tnli.-a 
tiou,  and  there  was  no  common  intention  to  have 
a  screen  used  in  any  Sort  of  way  commercially. 
We  found  dissimilarity  in  practice,  and  when 
collecting  opinions  all  over  'ho  world,  we  found 
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there  was  a  general  consensus  of  opinion  as  to 
the  adoption  of  a  standard  screen  which  would 
be  the  means  of  translation  into  the  common 
language  of  all  engineers.  At  the  time  we  were 
obtaining  opinions  we  received  an  immense 
number  of  suggestions,  suggestions  as  to  the 
scale  on  which  we  should  grade  them,  the  number 
of  screens,  the  wire  to  be  used  as  a  standard,  and 
we  had  every  opportunity  of  collecting  evidence 
from  all  over  the  world  as  to  what  appeared  to 
be  the  most  generally  held  opinion  concerning 
the  most  useful  standards.  "We  placed  them  in 
arithmetical  progression,  and  we  then  found  out 
that  we  could  have  them  manufactured  at  some- 
thing like  a  uniform  standard.  But  as  you  know 
commercial  screens  are  very  irregular.  The  one 
half  of  a  screen  may  be  slightly  different  to  the 
other  half  of  a  screen,  and  it  is  impossible  to 
purchase  screens  with  any  real  regularity.  We 
felt  there  was  no  possibility  of  converting  a  screen 
into  a  scientific  instrument.  In  the  webbing 
there  is  always  a  marked  difference  even  with  the 
greatest  care.  There  is  the  difference  in  the  use 
by  the  individual,  the  length  of  time  the  sample 
is  rubbed  through  the  screen,  and  the  length  of 
time  the  screen  has  been  in  use.  It  is  only  an 
instrument  which  can  be  used  in  a  laboratory  for 
rapid  and  approximate  work,  and  to  attempt  to 
introduce  reforms  by  the  use  of  micrometers  and 
going  entirely  on  apertures  is,  in  my  opinion, 
slightly  misleading  in  practice.  Every  man  does 
not  use  micrometers,  and  the  screen  is  not  a 
scientific  instrument  at  the  end  when  you  have 
done  it  all.  So  there  is  no  reason  in  saying  this 
is  a  standard  which  must  be  used  in  practice,  but 
it  is  a  means  of  interpreting  into  language 
certain  results  of  working.  There  is  no  reason  in 
giving  us  a  standard  mesh.  Every  man  who 
works  in  mesh  will  know  exactly  what  it  means. 
We  have  tried  to  establish  something  which  every 
metallurgist  can  obtain  and  every  man  can  use  in 
a  laboratory.  To  show  how  difficult  the  question 
of  screening  is,  I  may  say,  it  has  taken  months 
of  time  and  has  cost  manufacturers  a  great  deal 
of  money  to  produce,  even  on  a  small  scale,  the 
number  of  feet  necessary  to  supply  laboratories 
witli  a  real  well  sized  screen.  We  have  succeeded 
in  that  and  have  these  to  120  mesh.  It  is  true 
that  some  of  the  larger  mesh  are  not  absolute, 
but  they  carry  out  the  progression  and  are  useful 
for  purposes  of  comparison.  The  Institution  of 
Mining  and  Metallurgy  screening  is  not  used 
commercially,  for  you  would  never  think  of  using 
such  a  thickness  of  wire  commercially,  but  it 
carries  out  the  system  necessary  to  finer  mesh. 
I  may  say  in  connection  with  this  that  what  has 
been  done  by  the  Mines  Trials  Committee  here  is 
of  very  great  interest  to  all  the  world,  and  the 
desire  of  the  Committee  to  express  the  equivalent 


in  a  standard  mesh  will  be  very  much  followed 
abroad,  but  there  is  not  the  slightest  desire  tiiat 
such  a  standard  should  be  used  by  investigators 
where  they  have  good  reason  to  adopt  another 
standard. 

I  think,  gentlemen,  that  I  have  touched  on  all 
the  points  I  wished  to  speak  about  and  I  thank 
you  heartily  for  what  you  have  said  both  for 
myself  and  for  the  Institution  of  Mining  and 
Metallurgy. 

The  President :  I  am  sure  we  appreciate  very 
much  what  Mr.  McDermott  has  said,  and  in 
parting  with  him  I  can  only  say  we  all  wish  him 
a  very  pleasant  and  safe  voyage  back  to  England. 

I  also  wish  to  welcome  in  your  name  two 
visitors  we  have  with  us  to-night  from  other  parts 
of  the  world — Mr.  H.  G.  Nicholls,  with  whom 
many  of  you  will  connect  a  certain  slimes  settler, 
and  whose  reputation  has  extended  well  over  the 
United  States  ;  and  Mr.  E.  C.  Dyason,  who  is  on 
a  visit  from  Melbourne. 

Mr.  H.  G.  Nicholls  (Visitor):  Withregardto 
impressions,  there  is  one  I  can  offer  unhesitatingly, 
and  that  is  the  universal  kindness  1  have 
experienced  since  I  came  here.  I  have  been 
made  to  feel  so  much  at  home  that  I  have  half 
ceased  to  consider  myself  a  visitor.  In  connection 
with  slimes  I  hope  I  may  be  able,  at  some  future 
date,  to  meet  you  again. 

Mr.  E.  C.  Dyason  (Visitor) :  I  am  very  glad 
indeed  to  be  able  to  attend  a  meeting  of  this 
Society,  and  to  pay  a  visit  to  this,  the  Mecca  oi 
gold  mining  engineers.  I  hope  that  after  1  have- 
worshipped  at  the  shrine  I  shall  go  back  to 
Australia  very  much  edified. 

Prof.  G.  H.  Stanley  (Member  of  Council) 
here  exhibited  two  laboratory  sieves  which  had 
been  introduced  in  accordance  with  the  standauls 
recommended  by  the  Institution  of  Mining  and 
Metallurgy  (with  apertures  '006  in.  and  "01  in  ), 
combined  with  an  arrangement  which  enabled 
the  screens  to  be  replaced  when  worn. 

Congratulations  for  Mr.  Caldecott. 

Prof.  J.  A.  Wilkinson  (Member  of  Council): 
1  think  the  congratulations  of  the  Society  are  due 
to  Mr.  W.  A.  Caldecott,  one  of  our  Past  Presidents, 
who  has  just  been  awarded  the  degree  of  Dr.  of 
Science  by  his  alma  mater,  the  Cape  University. 

Mr.  W.  A.  Caldecott  expressed  his  thanks 
for  the  kind  reference. 


FURTHER  NOTES  ON  RAND  MINING. 

By  Tom  Johnson  (Member). 

It  is  well  known  that  several  mines  have  trouble 
with  the  roof  of  working  places,  and  I  thought  a 
few  remarks  on  how  to  deal  with  some  of  the 
problems  would  not  be  out  of  place,  hence  these 
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notes.  No  doubt,  much  that  I  have  to  say 
to-night  will  be  old  to  sonic  of  you,  but  from 
what  1  can  see  and  hear,  will  bear  bringing 
forward  again.  In  some  cases  the  roof  shows 
weight  over  large  areas,  crushing  the  pillars  in 
the  stopes,  the  drive  ribs,  and  sometimes  even 
the  large  safety  pillars  of  the  shafts. 

Personally,  I  like  to  see  incline  shafts  and  the 
drives  under  the  reefs  out  of  danger,  but  that 
will  not  help  us  with  the  present  shafts  and 
drives  that  are  giving  trouble  now. 

For  the  first  case  we  will  take  an  assumed  one 
of  where  a  large  area  is  open,  the  drive  ribs  are 
getting  crushed  and  also  the  stope  pillars,  causing 
the  roof  to  break  up.  Around  the  drive  it  will  look 
something  like  Fig.  I.      Here,  in  the  lower  figure 
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Fig.  I. 

you  will  see  that  the  ribs,  although  broken,  have 
offered  so  great  a  resistance  as  to  break  the  roof, 
leaving  it  ragged  and  dangerous.  Now  before 
things  had  reached  this  state  the  ribs  should 
have  been  taken  out  and  waste  packs  or  sand 
] lacking  put  in  as  a  substitute.  This  would  steady 
the  roof  without  breaking  it  up  over  the 
drive,  thereby  reducing  the  danger  and  trouble. 
The  taking  out  of  the  ribs  allows  the  elasticity  of 
the  roof  to  come  into  play  so  that  it  bends  instead 
of  breaks.  In  the  upper  figure  the  ribs  have  not 
been  strong  enough  to  bear  the  roof.  If  unfor- 
tunately the  drives  have  got  into  the  condition  as 
shown  in  Fig.  I  (lower)  (which  many  underground 
men  are  getting  familiar  with),  then  take  out  the 
ribs,  rip  down  the  loose  rock,  and  pack.  This  is 
much  better  than  trying  to  hold  the  drives  with 


I  rops  or  sets  of  timber,  as  timber,  with  a  moving 
ri  of,  would   require  renewing  fairly  soon. 

Pavkii'dUs.  'i ml  l'i<i.-itii  s.  Packwalls  should, 
like  props,  be  built  at  nearly  right  angles  to  the 
plane  of  the  reef  and  not  vertical  as  so  many  of 
them  are.     If  built  as  shown  in   Fig.  II.,  lower 


Fig.  II. 
figure,  there  is  a  liability  (especially  with  a  small 
pack  12  or  II  ft.  square),  for  the  whole  to  get 
squeezed  "  upbrow  " ;  if  a  longer  pack,  the  top  of 
the  lower  wall  will  get  forced  inside  the  pack  and 
bulge  out  the  middle  part  of  the  wall,  which 
would  eventually  fall,  and  the  pack  would  soon 
be  no  better  than  a  loose  heap  of  waste.  If  built 
as  in  Fig.  II.,  upper  figure,  the  pack  takes  the 
weight  more  directly,  and  would  not  slide  away 
so  easily.  I  have  been  told  many  times  that  the 
walls  would  not  stand  if  leaning  over  to  the  dip, 
but  as  I  have  seen  miles  of  walling  put  in  on  the 
"  rise "  side  of  levels  you  will  realise  I  am 
inclined  to  hold  the  opinion  that  they  will  stand  ; 
it  is  all  in  the  manner  of  building  them.  In  Fig. 
II.,  upper  figure,  props  are  fixed,  with  or  with- 
out a  lagging  board  here  and  there  behind, 
helping  to  steady  the  walling  until  the 
weight  comes  on  ;  these  props  need  not  be 
heavy.  Note  in  upper  figure  that  the  walls 
are  the  height  of  the  width  of  stope.  but  in 
the  lower  figure  the  walls  are  higher  than  the 
width  of  stope,  a  source  of  weakness.  The  small 
waste  should  be  thrown  on  the  walls  as  they  are 
being  built  course  by  course  and  sifti  d  in  amongst 
the  boulders  to  form  a  bedding,  thus  giving 
solidity  to  the  walls. 

It  is  a  debatable  point  how  a  wedge  shaped 
piece  of  rock  should  be  put  in  a  dry  wall.  There 
are  some  who  think  it  should  be  put  in  with  the 
thin  edge  outwards,  as  they  think  it  has  a  better 


278 


The  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.  Feb.  1910 


chance  of  not  being  crushed  out,  but  personally 
I  would  sooner  put  it  the  other  way  about, 
packing  over  and  under  to  level  up. 

It  is  a  good  plan  to  bind  the  walls  to  the  inside 
of  the  pack  with  pieces  of  old  pipes,  rails,  rope, 
boards,  etc.,  particularly  at  the  corners.  Pigsties, 
or  birdcages,  arc  very  good  in  places,  but  it  is 
wonderful  the  number  one  sees  that  arc  practically 
of  no  use.  It  seems  as  if  we  follow  fashions  in  the 
mines,  as  we  do  with  our  clothes,  without  making 
sure  that  we  are  doing  the  most  suitable  thing. 
.Many  pigsties  can  be  seen  that  are  practically 
useless  except  as  receptacles  for  waste,  as  little 
thought  is  given  to  their  proper  use.  A  lot  of 
trouble  and  expense  is  incurred  in  getting  ^timber 
down  the  mine  and  into  the  working  place.  Then 
the  whole  thing  is  jerry  built,  like  Fig.  III.,  upper 
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figure.  Here  the  four  corner  posts  are  put  up  and 
the  crib  built  in  what  appears  to  be  the  orthodox 
manner,  but  it  is  just  here  that  failure  arises 
from  want  of  a  little  reasoning  as  to  the  "  why  "  of 
things.  If  the  corner  props  were  taken  out  the 
pack  would  fall  to  pieces,  as  a  study  of  Fig. 
III.,  lower  figure,  will  show — apparently  the  same 
thing,  but  there  is  this  slight  difference,  stones  are 
built  in  between  the  different  layers  of  sticks  and 
weight  is  put  on  to  the  pigsty  by  wedging  ; 
since  putting  stones  in  between  the  layers  of 
sticks  prevents  the  sticks  sinking  into  each 
other  as  much  as  they  would  do  otherwise, 
and  the  pigsty  will  not  give  way  so  fast.  A 
pigsty  built  in  this  manner,  if  free  from  the 
blasting,  should  have  the  props  at  the  corners 
taken  away  as  soon  as  it  is  wedged,  as  the  props 
will  take  all  the  weight  till  broken.  It  cannot  be 
too  strongly  impressed  on  men  and  bosses  that 
pigsties  have  a  distinct  use  and  place  in  the 
scheme  of  mining  and  are  not  to  be  used  just 
because  someone  else  uses  them.  They  should 
be  used  where  a  pack  is  wanted,  and  where  there 
is  not  coarse  rock  enough  to  build  the  walls  of  a 


pack,  or  where  a  pack  would  be  destroyed  by  the 
blasting  ;  at  the  corners  of  very  large  packs, 
where  roads  have  to  be  kept  open  a  long  time, 
and  in  places  where  props  would  soon  be  broken, 
or  break  up  the  roof,  advantage  should  be  taken 
of  their  area  of  support,  and  thus  they  must  be 
well  wedged  as  shown  in  Fig.  III.,  lower  figure. 
In  the  upper  figure  there  is  only  a  line  contact 
between  each  row  of  sticks,  which  allows  too 
much  "give"  with  little  weight. 

Speaking  of  supporting  broken  roof  naturally 
brings  to  mind  the  question  :  "Is  there  no  way 
of  preventing  the  roof  breaking,  and  can  we  get 
away  from  the  effects  of  roof  breaking'"? 

Now  it  is  well  known  to  colliery  men  that  in 
dealing  with  a  "  tender  ''  roof,  or  in  other  words 
one  that  breaks  easily,  it  is  of  the  greatest 
advantage  to  move  the  face  on  at  the  greatest 
speed,  so  as  to  keep  exposing  fresh  roof  and  not 
give  the  roof  time  to  break,  and  the  same  principle 
applies  here.  If  we  used  eight  or  ten  machines  on 
a  face  we  should  not  have  so  much  worry  with 
the  roof  in  stopes,  the  time  factor  being  so  very 
important  in  this  matter.  In  my  previous  paper 
"  Notes  on  Mining,"  I  advocated  a  larger  number 
of  machines  per  face  and  I  am  now  more  firmly 
of  the  opinion  that  this  has  to  come. 

Prop*. — One  sees  some  strange  prop  setting  in 
these  mines.  Sometimes  a  fine  hitch  is  pre- 
pared for  the  foot  of  a  prop  and  the  head  not 
half  set,  leaving  a  gap  looking  at  you  as  at  (a) 
Fig.  IV.  Then  there  seems  little  idea  as  to  the 
proper  angle  a  prop  should  make  with  the  roof  and 
floor.  In  horizontal  places  props  should  be  vertical, 
whilst  in  inclined  places  the  props  should  be 
nearly  perpendicular  to  the  roof  and  floor.  The 
greater  the  inclination  of  the  stope,  the  more  the 
prop  may  be  from  the  perpendicular.  The  amount 
varying  from  0°  for  low  dips,  up  to  10°  as  a 
maximum,  say   for  a   dip  of  60°.     See  Fig.  IV. 
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Where  props  have  to  stand  the  blasting  they 
should  be  of  good  diameter,  say  10  in.  and  upwards, 
and  sometimes,  when  it  is  very  troublesome  to  get 
heavy  thick  props  into  a  stope,  bunches  of  three  or 
four  lighter  props  can  be  put  in  and  bound 
together  with  wire  or  hoop  iron.  In  low  places 
two  or  three  pieces  of  rock  built  up  as  shown  in 
(b)  Fig.  IV.  and  well  wedged  serve  the  purpose 
of  a  prop  splendidly.  This  is  very  cheap,  while 
it  is  not  always  necessary  to  use  a  thin  prop 
as  shown.  In  many  places  concrete  props 
built  in  place  would  prove  very  useful.  In 
setting  props  the  roof  should  be  examined  for 
slips — the  extended  use  of  acetylene  lamps 
being  very  useful  in  this  direction.  The  prop 
should  be  set  on  the  "upthrow"  side  of  the  slip  as 
shown  at  (c)  Fig.  V.,  so  as  to  catch  the 
lower  portion  and  also  hold  the  upper  portion. 
The  angle  of  prop  setting  shown  in  Fig.  IV.  is 
for  an  unbroken  roof,  or  for  the  lower  side  of  a 
broken  roof.  On  the  top  side  of  a  broken  roof 
the  angle  would  be  different  because  of  the 
tendency  of  the  roof  to  slide  downhill,  the  idea 
throughout  being  to  set  the  supports  against  the 
direction  of  movement. 

Pillars. — Pillars  in  stopes  should  never  have  a 
fault  slip  £>assing  through  them  except  in  the 
case  of  a  vertical  slip  striking  with  the  dip. 
With  inclined  slips  and  vertical  strike  slips,  the 
pillar  should  be  left  under  the  slip  as  it  runs  in 
the  roof  as  shown  at  (a)  Fig.  V.     Also  when  two 


reefs  are  being  worked  close  together,  care  should 
be  taken  to  get  the  pillars  in  the  top  seam 
perpendicularly  over  the  pillars  in  the  lower  reef. 
A  look  at  most  mine  plans  will  show  you 
something  like  Fig.  V.  Here  we  have  the  two 
reefs  fairly  close  together,  with  drives  on  both 
the  South  and  perhaps  the  Main  Keel  Leader  or 
Main  Reef,  the  reefs  being  worked  oul  as  sin. we. 
Now  the  whole  of  the  reel's  may  as  well  have  been 
worked  out  so  far  as  the  value  as  supports  are 
concerned.  The  lower  reef  ought  to  have  had  all 
the  pillar  left  on  the  lower  side  of  the  drive  and 


the  top  reef  all  left  on  the  top  side  of  its  drive ; 
another  way  would  have  been  to  stope  on  the 
lower  side  of  the  lower  drive  down  to  the  point 
(c)  then  leave  the  pillar  under  the  ribs  of  the  top 
drive. 

Crushing  Inclint  Shafts. — Where  the  shaft 
reef  pillars  are  being  crushed  in  a  timbered  shaft, 
help  the  pillars  by  building  large  packs  on  the 
stope  side  of  the  pillars,  using  sand  packing  as 
it  gives  least ;  also  weaken  the  post  timbers  in 
the  shaft  by  tapering  them  at  the  foot,  which 
will  allow  them  and  the  roof  to  settle  gently. 
If  there  is  not  room  for  settling,  then  there  is 
no  help  but  to  make  room  either  in  the  floor  or 
roof  or  by  using  a  lower  skip.  In  some  cases  the 
roof  plates  could  be  cut  out  between  dividers  ;  in 
other  cases  sets  could  be  taken  out  without 
increasing  the  danger.  If  there  is  plenty  of 
room  i.e.  height  in  the  shaft,  the  pillars  could  be 
stoped  out  and  the  place  packed  with  water-borne 
sand,  the  stopes  behind  the  pillars  being  packed 
first.  It  may  appear  foolish  at  first  sight  for 
anyone  to  suggest  taking  out  shaft  pillars  to  save 
the  shaft,  but  it  must  be  understood  that  when 
the  small  pillars  have  gone  in  the  stopes,  the 
shaft  pillars  have  a  much  greater  weight  to  carry. 
Now  if  the  stopes  are  packed  and  the  pillars  left 
in,  they  are  still  the  strongest  and  have  to  carry 
the  weight  until  some  settlement  takes  place,  and 
during  this  time  the  pillars  get  ciushed  and  in 
some  cases  the  roof  also  gets  broken,  while  if  the 
pillars  are  taken  out  and  the  space  packed,  the 
roof  can  settle  bodily  without  breaking  up.  In 
the  case  of  an  incline  shaft,  where  stopes  have 
been  worked  underneath  and  are  caving,  these 
stopes  should  at  once  be  packed  close,  preferably 
with  water-borne  sand,  and  for  a  good  distance 
on  either  side  of  the  line  of  the  shaft.  The  same 
thing  applies  to  the  bottom  of  vertical  shafts  that 
are  crushing  because  of  insufficient  area  of  pillars  : 
and  whether  caving  has  commenced  or  not  the 
water  borne  sand  is  best,  for  it  will  How  into 
places  where  other  parking  cannot  be  put  In 
the  case  of  vertical  shafts  there  may  be  trouble 
with  the  timber  should  the  ground  be  breaking. 
In  cases  of  this  kind  the  sets  below  the  break 
should  be  strung  together  by  some  means,  so  that 
they  support  one  another,  and  hung  to  good 
ground  above.  The  sets  immediately  above  the 
break  also  need  hanging  from  some  point  higher 
up  the  shaft,  the  studdles  between  the  two  lots 
of  timber  taken  out  and  provision  made  in  the 
guides  for  the  movement  that  is  taking  place. 
Someone  might  say  crushing  happens  quickly 
ami  before  it  could  be  fixed  up  t"  handle  water- 
borne    sand,  but     I    think    not.       However,    it    the 

danger    be    not    appreciated    or   understood,   or 

one    wished    to    keep   down    the    working   costs 
so    that    the    trouble    became    imminent,      there 
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are  air  pipes  or  water  pipes  in  every  working 
shaft  and  I  should  make  use  of  these  in 
getting  over  the  trouble.  An  objection  might  be 
offered  that  it  would  be  going  rather  far  to  take 
either  the  air  column  or  pump  column  for  the 
purpose  of  passing  sand  down,  but  I  am  one  of 
those  who  hold  that  a  great  many  things  are 
permissible  before  going  so  far  as  to  shut  down. 

In  cases  of  incline  shafts  that  have  bad  roof  in 
places  and  are  heavy  on  timber,  it  would  probably 
be  cheapest  to  use  concrete  arches  over  each  com- 
partment  instead  of  timber. 

Macliinc  Air  Cost. — There  has  been  quite  an 
amount  of  talk  about  machine  air  costs,  and  it 
seems  that  some  people  are  as  mad  about  this 
so-called  economy  as  they  are  about  running 
three  or  more  machines  per  man.  They  do  not 
bother  about  the  half-crown  they  lose  if  they  can 
gain  threepence  in  the  air  costs.  To  me  it 
appears  that  the  machine  that  drills  a  few  feet 
more  per  shift  is  the  one  to  be  after,  even  if 
air  costs  are  "20%  higher.  For  in  tance  air 
costs  per  machine  shift  are,  say,  6s.  ;  then  say  30% 
is  leakage,  etc.,  leaving  70%  against  the  machine 
itself.  This  equals  4s.  3d.  The  machine  drills 
24  ft.  per  shift  and  breaks  §  of  a  fathom  of 
ground.  Now  suppose  we  change  the  machine 
and  use  one  that  takes  50%  more  air,  making  the 
cost  6s.  4d.  against  the  machine  itself.  Leakage 
will  be  the  same,  and  how  much  more  work  must 
the  new  machine  do  to  pay  for  its  extra  cost. 
To  get  at  this  we  must  know  the  total  cost  of 
breaking  ground  per  fathom.  This  we  will  take 
at  say  70s.  ;  even  with  the  three  machines  per 
man,  70s.  equals  46s.  8d.  per  shift,  equals  Is. 
11  "3d.  per  foot,  so  to  pay  for  the  50%  increase  of 
cost  of  air  for  the  machine  we  only  need  another 
foot  of  drilling  from  the  machine,  despite  all  the 
worry  about  getting  a  machine  to  save 
air.  I  think  looking  at  the  air  costs  alone 
is  wrong  if  we  really  wish  to  lower  the 
machine  costs.  The  same  reasoning  applies  to 
whatever  machines  a  mine  may  be  using.  Do  not 
worry  particularly  about  the  cost  of  air  per 
machine  shift,  but  look  to  the  cost  per  fathom, 
and  strive  to  get  the  best  from  the  air.  Do 
not  let  your  machines  get  into  the  rattletrap 
stage,  but  spend  money  on  keeping  them  in 
order.  If  one  machine  fitter  has  a  hard  job 
to  keep  the  machines  in  fair  running  order, 
have  two  and  keep  the  machines  in  good 
order,  the  total  cost  being  the  point  to  watch. 
Let  any  individual  item  rise  if  by  so  doing  the 
total  is  lovvered.  We  have  at  the  present  time 
some  very  good  drilling  machines  on  the  Hand, 
but  we  do  not  get  the  work  out  of  them  that 
they  are  capable  of  doing.  It  is  well  known  that 
there  is  a  very  great  difference  between  the  lowest 
and   highest  cost  per  fathom   on  any  mine.     I 


figure  it  that  some  men  can  do  fairly  well  on  three 
machines  and  others  cannot.  Why  then  give  the 
poor  man  three  machines  .'  Give  him  the  same 
price  per  fathom  and  let  him  try  with  fewer 
machines.  I  have  often  seen  men  make  as  much 
money  stoping  with  one  machine  as  two,  the 
same  price  per  fathom  being  paid. 

The  moral  is  get  a  machine  that  can  drill,  and 
a  man  at  the  back  of  it  to  see  that  it  does  drill. 
Then  machine  costs  will  come  down  even  if  air 
costs  are  higher.  Some  use  the  argument  that  if 
a  machine  uses  less  air  we  can  use  more  machines 
with  the  same  compressor  plant,  but  I  say,  get 
the  same  footage  from  a  smaller  number  of 
machines  even  if  each  takes  more  air.  Money 
is  saved,  because  there  are  less  machines  to  buy 
and  less  machinemen  required,  leaving  us  the 
chance  of  keeping  out  some  of  the  men  who  have 
not  yet  learned  their  business. 

Breast  Driving. — For  those  who  wish  to  drive 
on  the  reef  a  modification  of  a  coal  mining 
method  may  be  resorted  to,  which  will  help  to 
solve  the  difficulty  of  broken  roof  in  drives.  In 
this  method   (see   Fig.  VI.)   the   drive  would  be 
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Fig.  VI. 

breasted  in  25  ft.  to  30  ft.  wide,  putting  in  packs 
on  one  or  both  sides  of  the  track.  Ordinarily,  I 
think,  the  top  side  would  suit  us  best  (if  the 
lower  side  ground  was  to  be  left  in  for  a  long 
time  after  the  top  side  was  worked,  then  a  pack 
should  be  put  on  a  lower  side  also),  the  track  or 
tracks  are  laid  on  the  lower  side.  The  pack,  made 
from  the  roof  waste,  would  form  a  brattice  behind 
which  the  return  air  would  make  its  way  to  the 
last  opening  to  the  level  above.  If  enough  waste 
was  not  produced  in  the  drive  to  form  a  decent 
pack,  waste  from  other  work  could  be  used,  say, 
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from  cross-cuts,  ore  passes,  etc.,  for  there  is  nearly 
always  waste  to  be  found  that  could  be  used 
iastead  of  sending  it  to  the  mill.  This  drive,  as 
can  be  seen  by  reference  to  Fig.  VI.,  is  breasted 
in  on  the  reef ;  about  nine  machines  would  be  in 
use  and  upwards  of  500  ft.  per  month  advance 
could  be  made.  Very  good  arrangements  for 
handling  the  broken  rock  would  have  to  be  made 
with  a  reef  thickness  of  3  ft.,  as  6  tons  per  foot 
of  advance  would  require  moving,  besides  the 
waste  for  packing. 

These  drives  should  be  run  on  lines,  the 
direction  of  which  are  determined  from  some 
other  drive  already  driven.  In  case  of  a  fault 
throwing  the  reef  out,  the  drive  would  be 
narrowed  down  to  a  sufficient  width  for  the 
tracks  and  a  fair  sized  ventilating  pipe.  The 
stopes  should  be  started  at  the  back  of  the  pack, 
no  rib  being  left.  This  method  of  driving  would 
be  useful  in  a  developing  mine,  if  in  good  ground, 
for  getting  a  mill  going  sooner.  Development 
rock,  as  a  rule,  is  not  fit  for  milling  alone,  due  to 
its  poor  value,  but  if  done  as  sketched  out  above, 
the  rock  would  be  of  as  good  value  as  the  stope 
rock.  Seven  or  eight  faces  would  keep  50  stamps 
going.  Also,  as  we  must  expect  greater  trouble 
with  the  roof  in  the  deeper  levels,  we  will  have 
to  consider  the  advisability  of  driving  to  the 
boundary  and  stoping  home,  as  in  this  way  we 
should  escape  some  of  the  roof  trouble.  In  con- 
junction with  sand  packing  it  would  be  an  ideal 
scheme.  I  know  the  time  and  cost  factors 
have  been  against  this  being  done,  but  if 
we  could  get  faster  driving,  say,  500  ft.  per 
month  at  the  lowest,  the  time  and  cost  factors 
would  be  so  reduced  as  to  make  this  system 
practicable. 

Six  months  would  see  the  drive  3,000  ft.  in, 
which  is  farther  than  most  drives  have  gone.  In 
the  old  days,  when  it  took  from  two  to  three 
years  to  get  to  the  boundary,  one  could  not  wait 
all  that  time  before  commencing  to  stope ;  but 
with  the  higher  rate  of  driving  we  have,  and 
which  will  be  improved  upon,  it  is  quite  feasible 
to  get  out  to  the  boundary  before  stoping  com 
minces.  As  we  should  only  have  four  boundary 
faces  of  250  ft.  on  each  level,  giving,  say, 
400  tons  from  a  stoping  width  of  4  It.,  this 
would  not  be  sufficient  if  we  wished  to  keep 
to  a  reasonable  number  of  levels,  say,  three  or 
four.  I  should  therefore  set  out  the  winzes  as 
near  as  practicable  700  ft.  to  800  It.  apart,  and 
work  the  blocks  outwards  and  inwards,  taking 
about  twelve  months  to  work  out  a  block  ;  this 
would  give  eight  faces  with  about  's0<>  tons  of 
rock,  single  shift,  per  level,  causing  us  to  use 
coal  mining  method  of  transport,  the  bugbeai 
of  gold  miners.  A  way  in  which  we  could 
stope  without  pillars  or  sand  packing,  is  to  break 


the  floor  for  rock  to  make  ordinary  packs,  this 
would  be  cheaper  than  pillars. 

Driving  under  the  Reefs. — If  drives  are  put 
in  under  the  reefs  and  cross-cuts  driven  to  the 
reefs,  there  is  little  fear  of  trouble  on  the  drive  ; 
the  drives  would  only  need  to  be  single  with  an 
occasional  by-pass,  and  the  cross-cuts  would  form 
the  gathering  stations  No  driving  on  the  reef 
would  be  done,  and  a  track  would  follow  the  stope 
face  along  the  bottom,  on  which  the  rock  broken 
from  the  bottom  lift  of  the  stope  would  be 
handled.  A  steep  boxhole  would  be  put  up  from 
the  side  of  the  cross-cut  through  to  the  top  reef  ; 
this  would  cut  the  stope  at  some  distance  from 
the  bottom  and  would  form  the  boxhole  for  the 
first  cross-tracks  and  the  brake  roads  in  the  stope. 
Winzes  would  be  sunk  on  the  reef,  one  over  the 
other,  and  the  cross-cuts  would  be  driven  to 
intersect  these  winzes,  so  forming  the  points  of 
attack  of  the  stopes.  This  system  is,  of  course, 
for  mines  w7here  the  cross-cutting  and  facilities  of 
working  would  prove  cheaper  than  driving  on 
each  reef.  The  boxholes  could  be  put  up  from 
the  top  side  of  the  drive  and  at  various  angles  so 
as  to  split  up  the  stopes  as  required.  The  drive 
should  be  widened  to  form  a  shunt,  "  inbye  "  and 
"  outbye  "  of  the  box. 

Drill  Sharpening  Fmnnei's  Underground  are 
not  so  much  used  as  they  should  be  considering 
how  cheap  they  are  and  how  easy  and  comfort- 
able they  make  the  handling  and  sharpening  of 
drills.  Of  course,  it  is  no  use  putting  a  furnace 
underground  and  then  bringing  the  drills  in  the 
skip  to  the  level  on  which  the  furnace  is,  as  when 
drills  are  once  put  in  the  skip  they  may  as  well 
go  to  the  surface.  To  arrange  things  properly  a 
furnace  should  be  on  each  level  and  the  drill 
sharpeners  go  to  each  ;  that  is,  they  travel  to  the 
drills  instead  of  the  drills  travelling  to  them.  Not 
only  does  this  save  time  and  handling,  but  it  brings 
"ie  sharpener  and  user  into  much  closer  contact, 
which  is  a  most  desirable  thing.  It  also  keeps 
down  capital  expense  of  steel,  thus  providing  the 
capital  for  the  furnaces.  Although  the  men  do 
not  and  must  not  be  expected  to  do  as  many 
drills  underground  as  on  the  suiface,  my  experi- 
ence is  that  it  is  still  cheaper,  for,  as  mentioned 
above,  less  steel  is  wanted,  whilst  the  machine 
men  are  much  better  served,  and  things  go  more 
smoothly. 

Shaking  Chides.  Many  of  these  very  handy 
and  useful  ore  conveyors  are  in  use.  hut  are  not 
being  fully  taken  advantage  of.  I  think  it  was 
about  nine  years  ago  that  I  first  used  these  hung 
from  a  rope.  This  is  much  easier  and  better  than 
hanging  every  length  from  separate  pegs  in  the 
roof.  When  hung  from  separate  pegs,  some  are 
nearly  sure  to  be  out  a  little  in  distance,  whereas 
when  hung  from  a  rope  they  may  be  adjusted  to 
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a  nicety,  and  are  much  easier  to  change  to  .sonic 
other  point.  The  manner  of  doing  the  job  is  to 
first  stretch  a  rope  along  the  roof,  supporting  it 

from   pegs   in   the  roof  where    it    sags   I ouch, 

which  may  be  30  ft.  or  more  apart,  being  nearest 
in  narrow  stopes.  On  the  rope  are  fastened  clips 
the  exact  distance  apart  of  the  lengths  of  chutes, 
hole  to  hole;  the  chain  swingers  are  hooked  at 
the  back  or  top  side  of  the  clips,  and  the  rope  is 
tightened  by  a,  right  and  left  handed  screwed 
tightener  before  the  shutes  are  hung  on  it, 
Fig.  VII.      At   the   end   of   the   shift,  .when    the 


Fig.    VII. 
shutes    need   shifting    prior    to     blasting,     they 
are  unhooked  from  the  rope  and  taken  away,  and 
in  most  cases  the.  rope  may  be  left  as  it  is,  taut 
against  the  roof. 

In  case  of  shifting  to  another  spot  closer  to  the 
face  it  is  only  necessary  to  drill  a  few  holes  in 
line  without  reference  to  distance  apart.  The 
chutes  are  unhung,  the  rope  slackened,  and  the 
top  end  taken  to  the  new  point  and  made  fast. 
The  rope  is  again  tightened  and  the  chutes  rehung, 
the  clips  on  the  rope  serving  again  to  space  them 
properly  without  any  alteration.  Xo  labour  is 
necessary  except  the  shovelling  boss  and  his 
boys.  Chutes  should  deliver  right  into  the  box 
or  into  the  car,  not  on  to  the  floor  of  the  stope 
and  then  boys  employed  to  shovel  the  rock  into 
the  box,  as  one  notices  being  often  done  ;  the  boxes 
should  be  steep  enough  to  allow7  the  rock  to  just 
about  run,  as  if  too  steep  they  give  trouble  to  the 
trammers  by  spilling,  and  if  too  flat  they  also  give 
trouble  ;  an  ordinary  widtli  stope  box  6  ft.  to 
8  ft.  long  will  cost  about  2d.  per  ton  to  yet  the 
rock  through  :  these  remarks  apply  to  ordinary 
stope  boxes.  Where  more  or  less  permanent 
b  ixes  are  put  in,  they  should  have  radial  doors  if 
possible,  as  then  the  steepness  of  a  box  and  box- 
hole  does  not  matter. 

Mr.  A.  Richardson  (Meinlsr  of  Council): 
Our  thanks  are  due  to  .Mr.  Tom  Johnson  lor  his 
suggestive  sequel.      It  is  not  often  that  a  practical 


mining  man  comes  forward  to  give  us  the 
"  worm's-eye "  view  of  underground  conditions 
instead  of  the  bird's-eye  view  with  which  most 
people  are  acquainted,  and  therefore  1  hope  he 
will  give  something  more  to  ponder  over  when 
his  powers  of  reply  have  been  stimulated  by 
plenty  of  adverse  cri!  icism. 

Mr.  C.  F.  Parry  (Member)  :  It  gives  me  great 
pleasure  to  second  the  vote  of  thanks.  Many 
mines  on  the  Hand  are  having  a  great  deal  of 
trouble  at  present,  and  when  they  get  deeper  the 
trouble  is  going  to  be  increased — the  trouble  of 
keeping  the  hanging  wall  where  it  ought  to  be. 
P"or  that  reason  I  think  Mr.  Johnson's  paper  is 
most  opportune,  and  I  hope  it  will  lead  to 
ci  msiderable  discussion. 


THE   TUBE-MILL  CIBCUIT  AND  CLASSI- 
FICATION. 


By  G.  O.  Smart  (Member  of  Council). 

In  view  of  the  increased  attention  which  has 
of  late  been  paid  to  classification  for  tube-milling 
purposes,  it  may  be  of  interest  to  members  of 
this  Society,  to  lay  before  them  the  results  of 
work  which  has  been  carried  out  during  the  past 
year.  It  is  now  generally  admitted  that  for  the 
most  efficient  tube-milling,  it  is  necessary  to 
maintain  constant  conditions  as  regards  tonnage 
and  moisture  in  the  pulp  entering  the  tube-mill. 
The  following  remarks  are  intended  to  point  out 
how  such  a  desirable  uniformity  of  feed  can 
better  be  secured,  than  by  the  classifiers  in  common 
use  on  these  fields. 

Before  discussing  the  details  of  classification  it 
may  be  desirable  to  illustrate  and  briefly  refer,  to 
the  general  arrangement  of  the  tube-mill  circuit, 
and  classification  system  of  which  the  principle 
was  introduced  by  Mr.  J.  R.  Williams  at  the 
Glen  Deep,  in  the  early  days  of  tube-milling  on 
the  Band,  although  ii  is  by  no  means  universal 
in  other  mining  countries.  The  following  figure 
illustrates  schematically  the  principle  of  the  tube- 
mill  circuit  as  now  in  use  on  some  of  the  Gold 
Fields  companies. 

With  this  system  only  those  particles  in  the 
tailing  pulp  can  overflow  the  classifier  and  pass 
a\\a\  to  the  cyanide  plant,  which  are  not  suffi- 
ciently heavy  to  fall  through  the  classifier  and  so 
pass  into  the  tube-mill.  The  size  of  the  particles 
overflowing  'lie  classifier  naturally  depends  upon 
the  coarseness  and  volume  of  the  pulp  entering 
the  classifier,  or  in  other  words,  upon  the  relation 
een  the  tonnage  of  ore  milled,  and  the  total 
capacity  of  the  crushing  plant  in  stamps  and 
tube  mills.  Since  the  classifier  determines, 
subject  to  the  foregoing  limitations,  the  size  of 
the  particles  overflowing  it,  an  important  differ- 
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ence  may  be  noted  between  such  a  determining 
factor  and  that  of  the  battery  screen,  the  pulp 
leaving  which,  has  a  size  of  its  maximum  particle 
determined  by  the  diameter  of  the  screen  aper- 
ture, and  not  by  the  combined  effect  of  diameter 
of  particle  and  its  specific  gravity,  as  is  the  case 
in  hydraulic  classifiers.  In  the  latter  case  the 
particles  of  richer  and  specifically  heavier  pyrites, 
are  reduced  to  a  finer  state  of  division  before 
leaving  the  crushing  plant,  than  the  poorer  and 
lighter  silicious  grains,  and  consecpuently  that 
portion  of  the  ore  which  best  repays  regrinding 
is   automatically    reduced    finer    than    the    less 


diluted  with  much  thinner  pulp  from  the  battery, 
and  the  resultant  mixture  consequently  is  more 
easily  pumped  and  classified  than  would  be  the 
case  with  the  tube-mill  returns,  or  mill  pulp 
separately.  The  tube-mill  circuit  likewise  serves 
as  a  most  efficient  trap  for  "  floured  "  mercury 
and  amalgam,  escaping  from  either  the  battery 
plates  or  the  shaking  tables.  Any  particles  of  such 
material  other  than  of  impalpable  fineness  sink 
down  through  the  tube-mill  classifiers,  and  lodge 
upon  the  tube-mill  shaking  tables.  Should  this 
not  occur  during  its  first  passage  such  a  particle 
merely  returns  again  until  it  is  caught.     It  may 
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Fig.  T. 
Tube  Mill  Circuit,  with  Single  Cone  Classifier  and   Diaphragm  fob  each  Tube  Mill. 


valuable  portion.  In  order  to  obtain  full  effici- 
ency from  tube-milling,  it  is  necessary  that  the 
tube-mill  outflow  should  contain  a  fairly  large 
proportion  of  coarse  grains,  such  coarse  grains 
being  elevated  to  return  again  into  the  tube  mill, 
while  the  portion  which  has  been  sufficiently 
finely  comminuted  by  its  first  passage  through 
the  tube-mill,  overflows  the  classifier.  Another 
advantage  of  the  tube-mill  circuit,  is  that, 
although  a  low  ratio,  say,  2  of  water  to  1  of 
sand,  is  sufficient  for  the  purpose  of  amalgams 
tion  on  the  shaking  tables,  yet  this  thick  pulp  is 


be  incidentally  observed  that  particles  of  metallic 
iron  likewise  drop  down  and  accumulate  in  the 
tube-mill  circuit,  and  such  would  no  doubt  also 
be  the  case  with  metallic  gold,  if  amalgamated 
plates  weir  not  installed  after  the  tube  mills.  A 
magnetic  separator  which  would  readily  and 
efficiently  remove  such  accumulation  of  metallic 
iron  from  the  tube-mill  circuit,  would  be  gladly 
welcomed,  since  at  presenl  no  such  means  is 
known  for  removing  tins  material,  as  readily  as 
metallic  gold  can  be  removed  by  amalgamated 

plates. 
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It  is  advisable  in  the  design  of  a  metal- 
lurgical plant  that  the  appliances  for  any  given 
purpose  shall  be  as  few  and  as  simple  in  their 
operation  as  possible,  and  concentrated  at  one 
point,  rather  than  scattered  throughout  the  plant. 
In  accordance  with  this  requirement  a'l  classifiers 
should  be  placed  together,  instead  of  being  distri- 
buted throughout  the  reduction  works  at  various 
points.  The  fiat  nature  of  most  mill  sites  on  the 
Baud,  necessitates  elevation  of  the  pulp  leaving 
the  crushing  plant  to  a  considerable  height  for  it  to 
gravitate  to  the  cyanide  plant.  In  the  diagram 
(Fig.  I.)  the  number  of  classifiers  has  been  reduced 
to  the  minimum  possible,  viz.,  one  per  tube  mill, 
without  interfering  with  efficient  classification, 
but  on  the  contrary,  as  the  figures  quoted  later 
will  show,  considerably  increasing  it.  To  deal  in 
further  detail  with  the  precise  system  of  classifi- 
cation now  to  be  described,  reference  should  be 
made  in  the  first  instance  to  Fig.  II. 
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The  rapid  increase  in  the  number  of  coneciassi- 
tiers  employed  on  these  fields,  and  elsewhere  in 
mining  districts,  in  place  of  the  old  fashioned 
wooden  pyramidal  spitzkasten  and  spitzlutten  is 
due  to  their  greater  i  fficiency,  inasmuch  as  the 
length  of  their  overflow,  which  is  more  than  three 
times  as  large  as  that  in  the  usual  pyramidal 
classifier,  reduces   the  velocity  of  the  stream  in 


inverse  proportion,  so  that  more  efficient  settle- 
ment is  obtained.  The  use  of  conical  classifiers 
with  peripheral  overflow  launders,  naturally  in- 
volves a  central  inflow,  in  place  of  the  side  inflow 
and  overflow  over  the  opposite  side  usual  with 
pyramidal  classifiers.  This  arrangement  reduces 
the  velocity  of  the  overflowing  pulp,  and  conse- 
quently alii  iws  more  tranquil  and  better  settlement. 

The  disadvantages  of  the  ordinary  wooden 
pyramidal  classifiers  are  well  known.  They  are 
costly  to  erect,  and  the  small  diameter  of  the 
underflow  outlets  renders  them  liable  to  choking, 
with  consequent  filling  up  of  the  classifier  with 
sand,  and  resultant  disorganisation  of  classifica- 
tion and  overflow  of  coarse  material.  In  addi- 
tion, unless  a  large  proportion  of  water  is  allowed 
to  pass  out  with  the  coarse  sand  in  the  underflow, 
it  is  necessary  to  introduce  additional  water  under 
pressure  to  prevent  choking  of  the  underflow 
nozzle.  The  labour  and  discomfort  involved 
in  the  attendance  upon  the  old  type  of  classifier 
is  considerable,  and  they  are  frequently  built  so 
that  all  parts  are  not  readily  accessible.  If  such 
constant  and  uncomfortable  work  is  not  conscien- 
tiously carried  out,  their  choking  is  liable  to  pass 
unrectified  with  disastrous  results  to  classification. 
The  usual  dewaterer  delivering  an  inflow  into  the 
tube-mill  with  up  to  50%  and  over  of  moisture, 
possesses  the  great  disadvantage  of  a  constantly 
varying  underflow,  whilst  the  tonnage  of  solids 
cannot  be  changed  without  likewise  changing  the 
ratio  of  water  to  sand 

The  cone  classifiers  shown  are  considerably 
larger  than  those  in  usa  elsewhere  on  these  fields, 
being  6  ft.  in  diameter  and  9  ft  deep.  This  is 
in  accordance  with  the  principle  of  employing 
units  proportional  to  the  size  of  the  plant,  and 
likewise  because  each  tube-mill  having  but  one 
classifier,  its  superficial  settling  area  must  be 
sufficient  to  ensure  the  settlement  at  once  of  all 
grains  in  the  pulp  entering  which  require  further 
crushing.  The  principle  of  operating  this  classi- 
fier differs  from  that  of  other  hydraulic  classifiers, 
in  that  it  must  be  operated  with  a  considerable 
depth  of  settled  sand.  It  will  likewise  be  seen 
that  the  upper  and  lower  portions  of  this  sand 
are  separated  by  a  disc  near  the  bottom,  of  which 
the  edges  are  2^  in.  from  the  side  of  the  cone. 
In  its  original  form  this  disc  was  serrated,  and 
was  supported  by  the  sides  of  the  cone,  but  a 
plain  disc  supported  by  projecting  arms  extend- 
ing to  the  sides  of  the  cone,  as  shown  in  Fig.  II., 
is  now  used.  When  a  wooden  disc  is  used 
weights  are  required,  also  shown  in  Fig.  II.,  in 
order  to  keep  the  disc  in  position  until  the  cone 
fills  up  with  sand.  This  disc  or  partition  is 
termed  a  diaphragm,*  on  account  of  its  dividing 

\\ .  A.  Caldecott,  "  Classification  for  Tube-Milling,"  Journal 
S.  A.  A.  of  Engineers,  December,  L908,  p.  101 ;  also  this  Society's 
Journal,  Vol.  i\.,  March,  1909, p.  312, 
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the  upper  portion  of  the  cone  from  the  lower,  and, 
as  will  be  seen,  its  function  is  entirely  differ*  nt 
from  baffles   as    used    for    diverting    the    course 
of  the  stream  of  fluid  pulp.     While  supporting 
the  shifting  mass  of  descending  solids,  it  permits 
of  a   continuous  flow  between  its  periphery  and 
the    sides    of    the    cone,  and    at    the  same  time 
prevents  a  vertical  channel  from   the  top  of  the 
cone  forming  through  the  mass  of  solids  to  the 
outlet,   which  would   allow    thin    fluid    pulp    to 
descend    and    escape.     Further,    the    diaphragm 
relieves  the  pressure  of  the  mass  upon  the  outlet 
at  the  apex  of  the  cone,  and  therefore  should  be 
made  fairly  strong.      The  relieving  on   the  outht 
of  such  direct  pressure,  prevents  the  undue  pack- 
ing of  the  solids  at  the  apex,  which  would   result 
in  the  pulp  issuing  very  slowly  even  with  a  free 
vertical  discharge.     This  slow  rate  of  underflow 
would    necessitate    a    very    large    outlet   at    the 
bottom  to  pass  the  required  tonnage,  with  conse- 
quent liability  to  formation  of  a  central  channel, 
or  bore,  and  sudden  discharge  of  a  very  large  and 
unmanageable   volume   of   fluid   pulp.     Such  an 
underflow,  if   unchecked,  speedily  results   in   the 
discharge  of  all  the  solids  in  the  cone  owing  to 
increased  velocity.     Further,   if  any  attempt  be 
made  to  run  even  a  moderately  thick  pulp  under- 
flow from  a  classifier  without  using  a  diaphragm, 
solids  settling  on  the  sides  are  liable  to  periodi- 
cally slip  and  fall  like  miniature  landslides,  and 
thus  even  if  the  outlet  is  not  completely  choked, 
the  tonnage  and  ratio  of  water  to  solids  is  contin- 
ually varied.     Since  it  is  obviously  impossible  to 
observe  what  is  happening  inside  a  cone  classifier, 
the    foregoing   explanations    are    advanced  from 
continued    observation    upon    the    behaviour    of 
such    appliances.       As    Mr.    Walter    McDermott 
recently    observed    at    a    meeting    of    a  kindred 
society,*  the  action  of  the  diaphragm  is  difficult 
to  understand,  and  is  subject  to  different  explana- 
tions, but  as  regards  the  result  that  it  ensures  a 
steady  underflow,  in  large  volume,  of  thick  pulp 
there  is  no  doubt.      The  fact  that  the  particles  of 
sand   must   descend  round   the  periphery  of  the 
diaphragm,  ensures  a  more  uniform  settlement  of 
the  solids  in  the  cone  than  if  no  diaphragm  were 
used.     The  upper  surface  of  the  settling  solids  is 
concave,  the  edges  being  higher  at  the  side  of  the 
cone.     Since  the  coarser  grains  naturally  settle 
nearer  the  centre  than  the  finer  grains,  and  since 
the    former    constitute '  the    bulk    of  the  settled 
particles,  it  follows  that  in  the  upper   portion  of 
the  cone,  the  faster   downward   movement  of  the 
descending  solids,  is  nearer   the    centre    than  the 
side  of  the  cone.      At  the  same  time  particles  of  in 
sufficient  size  or  density  to  settle  near  to  the  centre, 
but  which  the  velocity  of  the  current  is  insuffi 
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cient  to  transport  over   the   edge,   settle   before 
overflowing,  and  gradually  creep  down  the  sloping 
side  of  the  cone.      If  the  ratio  of  water  to  solids 
in  the  pulp  entering  the  classifier  decreases,  the 
liner  particles  in  the  settled  solids  accumulate  at 
the  side  near  the  top,  until  the  cross  sectional  area 
of    the    basin    is    of    such    dimensions    that    the 
velocity  of  the  pulp  flowing  over  its  edge,  and 
over  the  edge  of  the   cone,  is  sufficient  to  carry 
away    all    particles    of   such    a    size    as  are   not 
specifically   heavy    enough    or    large    enough    to 
descend.      lint   if  with  a  decrease  in  the  volume 
of  water  entering  the  classifier,  there  is  likewise  a 
decrease  in  the  tonnage  of  solids,  or  in  the  average 
size  of  particle  in  the  pulp,  both  the  overflow  and 
underflow  under  these  conditions  are  correspond- 
ingly finer.     If,  however,   whilst  the    volume  of 
water  is  decreased,  the  tonnage  and  coarseness  of 
the  solid  particles  remains  the  same,  and  merely 
the  ratio  of  water  to    solid    reduced,  then  the 
average  fineness  of  both  overflow  and  underflow 
remain    constant.      Similarly,   if   the    volume    of 
pulp  entering  the  classifier  is  increased,  but   the 
tonnage    of   solids  and  average  size  of  particle 
remain  the  same,  only  the  ratio  of  water  to  solid 
being  raised,  the  cone  again  automatically  adjusts 
itself  to  the   changed   conditions,  and   yields  the 
same  grading  of  overflow  arrd  underflow  as  before. 
This    is    due    to    the    area   of    the    basin    being 
increased,  by  extending  its  edges  towards  the  side 
of  the  cone,  and  thereby  reducing  the  velocity  of 
the  overflow  stream  at  the  point  where  the  solids 
are   discharged,  to   the   same  as  before.      If   the 
average  size  of   particles  in  the  pulp  entering  the 
classifier  be  greater,  both  overflow  and  underflow 
are    proportionately    coarser.      In    the    practical 
operation    of   classifiers,  it   is    not  only  necessary 
that  a  thick  underflow  of  the  desired  tonnage  be 
secured,  but  that  there  should  also   be   an  equal 
volume  of  pulp  of  the  same  consistency  delivered 
to  each  classifier,  as  otherwise  classifiers  receiving 
more  than  their  proportionate  share  of  the  total 
pulp   or  solids,  will   overflow   a  coarser   product 
than    others    receiving    less.       It     is     therefore 
necessary    that    the    overflow    of    each    classifier 
should     be     sampled     and     tested,     to     secure 
uniformity.       From     the     foregoing     it    will    In- 
apparent,  that  unless  the  volume  of  pulp  entering 
is  greater  than  the  capacity  for  which  the  cone 
was  designed,  which  will  result  in  the  velocity  of 
the  stream  being  greater  than   will   allow  of  the 
settlement  of  the  bulk  of  the  desired  particles,  it 
follows    that    the    classifier    will    automatically 

adjust  itself  to  all  conditions.     Tl bject  of  the 

horizontal  bailie  shown  near  the  top  of   the   cue. 

Fig.  II.  below  the  inlet,  is  to  prevent  the  forceof 

the  stream  disturbing  the  settled  solids,  and  to 
divert  the  flow  of  pulp  in  a  horizontal  direction 
towards  the  periphery  of  the  cone, 
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Owing  to  the  low  percentage  of  moisture  and 
consequently  viscous  nature  of  the  underflow, 
it  is  essential  that  it  should  have  the  freest 
possible  discharge  from  the  outlet  of  the  classifier. 
Any  attempt  to  discharge  the  underflow  through 
a  pipe  with  a  right-angle  turn,  or  through  a 
curved  pipe  attached  to  the  bottom  of  the  cone, 
or  even  through  a  vertical  pipe  of  the  same 
diameter  as  the  usual  outlet,  will  be  unsatisfactory. 
The  best  method  at  present  known  for  discharge 
of  the  underflow,  is  a  free  vertical  fall  from  the 
outlet  at  the  apex  of  the  cone  through  a  nozzle 
as  shown  in  Fig.  III.     It  will  be  observed  that 
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Fig.  III. 

this  nozzle  is  practically  a  continuation  of  the 
sides  of  the  cone,  and  terminates  in  a  sharp  edge  so 
that  in  no  portion  are  there  parallel  sides.  The 
friction  is  consequently  reduced  to  a  minimum. 
This  nozzle  constitutes  the  wearing  portion  of  the 
outlet,  and  consists  of  a  simple  piece  of  hard  cast- 
iron,  which  lasts  about  three  weeks,  and  can  be 
readily  replaced  at  the  cost  of  a  few  pence.  To 
shut  off  the  underflow  of  the  cone  when  required, 
or  to  regulate  the  flow,  several  devices  are  suit- 
able, one  of  which,  as  designed  by  Mr.  S.  K. 
Adams,  and  shown  in  Fig.  III.,  does  not  obstruct 
the  free  vertical  discharge.  The  diameter  of  the 
outlet  to  the  classifier,  shown  in  Fig.  III.,  is 
2T3F  in.,  which  will  pass  about  400  tons  of  sand, 
with  26%  of  moisture  in  24  hours.  This  large 
size  is  required  on  account  of  the  slow  rate  of  the 
flow  of  the  viscous  pulp.  Incidentally,  the  wear 
on  the  nozzle  by  abrasion,  caused  by  such  slow 
rate  of  flow  is  considerably  less  than  with  the 
usual  type  of  spitzlutten,  delivering  pulp  at  a 
greater  velocity.     The  thick  underflow  described 


contains  too  little  moisture  for  efficient  tube- 
milling  and  is  delivered  at  so  slow  a  velocity, 
that  the  method  of  feeding  the  tube-mill  by 
means  of  the  horizontal  as  jet  commonly  employed 
is  impracticable.  To  ensure  the  delivery  of  such 
pulp  into  the  tube-mill,  it  is  necessary  to  employ 
either  a  fixed  hopper  with  gland  at  the  end  of 
inlet  trunnion,  or  preferably  a  spiral  form  of 
feeder,  the  feeder  shown  in  Fig.  II.  was  designed 
by  Mr.  L.  Pryce.  The  additional  water  required 
to  thin  down  the  pulp  for  efficient  tube-milling, 
is  of  course  of  some  assistance  in  the  delivery  of 
the  underflow  into  the  interior  of  the  tube-mill. 
This  water  may  be  derived  from  the  mill  water 
service,  or  may  be  conveniently  obtained  from 
the  upper  portion  of  the  stream  in  the  tailing 
launder,  in  the  latter  case  this  water  also  serves 
to  dilute  tube-mill  outflow  before  amalgamation, 
and  is  withdrawn  from  the  upper  portion  of  the 
tailing  pulp,  by  means  of  a  small  adjustable 
decanter,  placed  in  the  launder,  with  an  intake 
opening  facing  up  stream,  Fig.  I.  The  amount 
of  water  required  both  at  inlet  and  outlet  of  the 
tube-mill  is  exactly  regulated  by  valves,  or  cocks, 
on  the  pipes  from  the  decanter.  With  the  con- 
templated removal  of  amalgamated  plates  from 
the  stamp-mill,  and  with  very  coarse  crushing  the 
importance  of  continuous  and  reliable  classifica- 
tion becomes  very  great,  so  as  to  prevent  any  but 
the  very  finest  gold  overflowing  the  classifiers, 
and  to  ensure  that  nearly  all  the  metallic  gold 
liberated  by  crushing,  shall  reach  the  amalgamated 
plates  in  the  tube-mill  circuit.  The  settling  area 
of  a  6  ft.  diameter  cone  is  28-3  sq.  ft.,  so  that 
with  the  high  ratio  of  tube-mills  to  stamps, 
needed  with  coarse  stamp  milling,  the  total 
settling  area  in  the  classifiers  becomes  propor- 
tionately large,  and  the  liability  for  coarse 
particles  of  metallic  gold  to  overflow  the  classifiers 
is  thus  reduced. 

Samples  for  moisture  or  grading  analyses  of 
the  underflow  are  readily  taken,  whilst  tonnage 
determinations  may  be  made  by  diverting  the 
underflow  by  means  of  a  launder  or  large  pipe,  for 
a  definite  time,  into  a  vessel  of  known  capacity, 
for  subsequent  weighing  or  estimation,  from  the 
ascertained  weight  of  a  cubic  foot  of  such  settled 
sand.  Assuming  that  coarse  settled  sand 
occupies  20*3  cub.  ft.  per  ton,  the  amount  of 
moisture  needed  to  fill  the  interstitial  spaces  is 
21%  on  the  moist  product.  The  actual  percent- 
age of  moisture  in  the  underflow  of  the  classifier 
being  as  low  as  26%,  shows  the  efficiency  of  the 
dewatering,  the  small  percentage  of  excess 
.  moisture,  being  probably  due  to  water  filtering 
down  through  the  descending  sand  in  the  classi- 
fier, at  a  faster  rate  than  the  sand.  The  moisture 
in  the  underflow  decreases  with  increased  coarse- 
ness of  this  product. 
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Since  it  is  possible  to  steadily  maintain  a 
uniform  consistency  of  underflow,  which  may  be 
diluted  as  required  and  thus  to  vary  the  tonnage 
of  solids  or  moisture  independently,  this  important 
requisite,  as  emphasised  in  the  second  report  of 
the  Mines  Trials  Sub-Committee  on  tube-milling 
efficiency,  is  better  secured,  as  likewise  the 
minimum  amount  of  fine  particles  in  the  tube-mill 
feed. 

On  consideration  of  what  has  been  already 
stated,  and  by  reference  to  the  diagrams  shown, 
it  will  be  seen  that  several  advantages  are 
secured  by  the  method  of  classification  described. 
In  the  first  place,  the  simplicity  of  the  general 
arrangement  and  the  fewness  of  the  units 
involved  are  obvious,  and  consequently  the  initial 
cost  of  installation,  attendance,  and  the  liability 
to  derangement  are  much  reduced.  The  large 
outlet  at  the  bottom  of  the  single  cone  for  each 
tube-mill,  precludes  the  possibility  of  choking, 
even  when  an  inclined  f  in.  mesh  screen  in  the 
tailing  launder  is  used,  in  place  of  the  usual  ]  in. 
mesh,  which  latter  necessitates  continual  labour 
in  removing  ore  fragments  and  debris,  under 
penalty  of  disastrous  results.  The  saving  in 
elevation  by  the  use  of  a  single  cone  may  be  of 
great  importance,  especially  in  an  existing  plant, 
when  the  fall  available  is  insufficient  to  permit  of 
the  installation  of  the  usual  spitzlutte,  launders, 
and  dewaterer  for  additional  tube-mills.  This 
has  been  illustrated  at  the  Simmer  and  Jack, 
where  the  satisfactory  installation  of  a  sixth  tube- 
mill  was  thus  rendered  possible,  without  change 
of  launders  or  pumping  arrangements,  as  also  at 
a  mining  company  in  Mexico.  At  this  latter 
plant  an  additional  tube-mill  (5  ft.  x  24  ft.)  was 
installed,  and  as  little  fall  was  available,  there 
was  erected  as  the  tube-mill  classifier,  a  cone 
4  ft.  10  in.  deep  and  4  ft.  in  diameter,  with  a 
diaphragm  8  in.  from  the  apex,  allowing  1*5  in. 
annular  space  between  diaphragm  and  cone.  This 
classifier  was  run  completely  filled  with  sand,  and 
was  fed  from  the  battery  at  the  rate  of  240  tons 
of  tailing  per  24  hours,  produced  from  screen  of 
25G  holes  per  square  inch.  The  following  were 
the  results  obtained  from  the  classifier  : — 


Gradings. 

Inflow. 

Overflow. 

1  Underflow 

+   30 

18-5 

0-5 

34-5 

+    10 

10-0 

1-0 

16 -5 

+    80 

21-5 

8-0 

335 

+  100 

1-0 

1-5 

1-5 

+  150 

12-0 

11-5 

8-0 

+  200 

3-5 

9-9 

20 

-200 

335 

68-5 

3  5 

Percentage  of 

Moisture 

90°/ 

937 

347 

The  foregoing  overflow  is  fairly  line,  but  if  a 
finer  final  product  were  required,  it  would  be 
necessary  to  reduce  the  volume  of  pulp  entering 


the  cone,  or  to  employ  a  larger  classifier.  As 
under  the  conditions  of  this  plant,  38%  of  moisture 
gives  a  considerably  higher  tube-milling  efficiency, 
than  higher  or  lower  dilution,  a  satisfactory  tube- 
mill  product  was  in  this  way  secured,  whereas 
the  usual  classifiers  had  failed  to  reduce  the 
moisture  in  the  underflow  below  48%. 

The  following  table  represents  the  effect  pro- 
duced upon  the  efficiency  of  classification  for 
tube-milling,  by  a  recent  change  at  the  Simmer 
and  Jack  plant,  whereby  the  classification  for 
four  tube  mills  was  converted  from  the  ordinary 
pyramidal  spitzlutten,  launders  and  dewaterers,  to 
a  single  cone  per  tube-mill,  single  cone  classifiers 
having  previously  been  installed  for  the  other  two 
tube-mills. 


Pyramid  U  spitz- 

Single <  'one 

lutten  and  Dewater 

Classifiers  with 

ing  '  'one-. 

I  tiaphragms. 

Period    ... 

1st  to  8th 

1st  to  8th 

Dec,  1909 

January,   1910 

Tons  ore  milled... 

18,208 

17,934 

+  60      61-8 

+  60      67-1 

Grading   analyses 

+  90      22-3 

+  90      : 1  •  7 

of  tube-mill  feed 

-90      15-9 

-90      122 

+  60      43-8 

+  60      4V2 

Grading   anrlyses 

+  90      11-8 

+  90      11-7 

of  mill  tailing... 

-90      44-4 

-90      431 

Grading    analyses 

+  60      10-9 

+  60        7  4 

of  final  pulp  enter- 

+ 90      16-0 

+  90      15-9 

ing  cyanide  plant 

-9C      731 

-90      76-7 

Relative    internal 

capacity  of  tube- 

mills     ... 

loo 

1025 

Tons  -  90  product 

per  tube-mill  per 

24  hours 

1152 

126-5 

Relative  tons  -  90 

product  per  unit  of 

tube-mill  capacity 

100 

107-3 

This  comparison  of  grading  analyses  and  effici- 
ency would  appear  still  more  favourable,  were  it 
not  that  only  two-thirds  of  the  classification 
plant  was  changed,  the  remaining  third  having 
been  changed  previously  to  the  single  cone 
system.  It  will  be  seen  from  the  foregoing,  that 
the  tons  of  -  90  mesh  product  per  tube-mill  per 
24  hours  were  raised  by  113  tons,  or  allowing 
for  2 "5%  greater  internal  capacity  of  tube-mills 
owing  to  longer  average  life  of  liners,  the  tube- 
milling  efficiency  was  increased  7*3  .  This  is 
due  to  the  better  separation  in  the  classifiers  of 
the  coarser  particles  requiring  regrinding,  and  to 
the  thicker  and  Steadier  feed  of  pulp.  The  low 
percentage  of  '-111  mesh  product  entering  the 
tube-mills  from  the  single  cone  classifiers  will   be 
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noted,  as  also  the  reduction  of  the  +  60  product 
from  109  to  7-4%  in  pulp  entering  the  cyanide 
works.  This  is  due  to  the  fact  that  the  low  per- 
centage of  moisture  carries  down  very  little  finely 
divided  solids  or  slime. 

Owing  to  the  less  labour  and  attention  required 
by  the  classifiers  two  men  were  transferred  to 
other  work. 

I  wish  to  thank  the  General  Manager  and  the 
Consulting  Metallurgist,  for  their  permission  to 
give  the  results  obtained  at  the  Simmer  and 
Jack,  and  also  Mr.  C.  O.  Schmitt  for  supplying 
the  drawings. 

Mr.  S.  H.  Pearce  (Past  President)  :  ^  should 
like  to  move  a  hearty  vote  of  thanks  to  the 
author  of  this  paper,  the  subject  of  which,  I  think, 
is  interesting  to  most  of  us  on  these  fields  and 
probably  at  no  time  more  than  the  present.  As 
one  of  the  Committee  who  are  considering  the 
methods  to  be  adopted  to  obtain  greater  efficiency 
in  our  tube-mills,  I  may  say  that  the  valuable 
contribution  just  given,  will  go  a  long  way 
towards  giving  us  some  pointers  on  the  subject. 
There  are  one  or  two  things  which,  at  first  sight, 
strike  me  as  being  a  little  contradictory,  about 
which  I  would  like  to  speak  later  on.  I  do  not 
say  this  in  any  carping  spirit,  for  I  feel  that  Mr. 
►Smart  has  done  work  and  given  opinions  on  a 
question  many  of  us  might  have  been  afraid  to 
tackle  so  boldly. 

Mr.  R.  G.  Bevington  (Past  President)  ■.  I 
have  great  pleasure  in  seconding  the  vote  of 
thanks  to  Mr.  Smart.  It  is  evident  he  has  done 
a  great  deal  of  hard  work  in  his  investigation  of 
this  subject  which  is  interesting  to  all  of  us  who 
have  to  do  with  tube-mills.  There  are  two  very 
important  points  upon  which  Mr.  Smart  has 
touched  ;  the  one  is  the  need  for  finding  some 
sure  method  pi  delivery  to  each  classifier  j  and 
the  other  is  the  keeping  away  from  the  tube  mill 
of  as  much  as  possible  of  the  -  90  product  which 
is  ready  for  the  cyanide  works  and  which  one 
does  not  want  in  the  tube,  unless,  of  course,  an 
"all  slimes"  process  is  to  be  resorted  to. 


THE  BARBERTON  GOLDEIELD. 

(Read  at  October  Meeting,  1909.) 

By  A.  Richardson,  M.I.M.M.  (Member  of 
Council). 

REPLY    TO    DISCUSSION. 

Mr,   A.    Richardson  (Member   of  Council): 
In   reply   to  Mr.   Tudor  G.  Trevor,  the  evidence 

on  which  my  statement  with  regard  to  ancient 
workings  was  based  is  to  be  found  recorded  in 
the  books  to  which  I  made  reference. 


Mr.  E.  Browne's  interesting  description  and  Mr. 
W.  A.  Caldecott's  remarks  show  what  efficient 
work  can  be  done,  and  what  remarkably  low 
working  costs  can  be  attained  when  natural 
facilities  are  present. 


THE    ASSAY    OF    CYANIDE    SOLUTIONS 

AX  I)    SLIME    RESIDUE    CARRYING 

DISSOLVED    GOLD. 


(  Read  at   October   Meeting,  1909.) 
By  A.  Whitby  (Member  of  Council). 

DISCUSSION. 

Prof  J.  A.  Wilkinson  (Member  of  Council) 
read  the  following  contribution  in  the  absence  of 
the  author  : 

Mr.  H.  R.  Jolly  (Member) :  The  ordinary 
procedure  for  conducting  an  assay  by  the  above 
method  has  been  dealt  with  very  fully  by  Mr. 
Whitby,  but  the  writer  has  occasionally 
found  that  the  results  are  inclined  to  be  slightly 
low,  due  possibly  to  the  gold  in  solution  being  in 
a  higher  state  of  oxidation  than  usual,  or  to  the 
oxidation  of  the  precipitate  brought  down,  which 
causes  it  to  go  into  solution  again  carrying  some 
of  the  gold  with  it.  (See  Dr.  Moir's  discussion 
on  Mr  Whitby's  paper,  Journal  for  Dec,  1909.) 
Some  experiments  were  then  made  with  a  view  to 
getting  over  the  difficulty.  It  was  decided  to 
effect  the  precipitation  in  the  presence  of  a 
reducing  agent,  namely,  sodium  sulphite. 

The  samples  were  mixed  thoroughly  before 
any  tests  were  made.  The  experiments  were  as 
follows  : — 

Method  No.  1. —  20  A.T.  of  the  solution  were 
measured  out,  15  to  20  c.c.  sodium  sulphite 
added,  the  whole  heated  to  boiling  point  and 
then  the  solution  precipitated  in  the  ordinary 
way  by  adding  potassium  cyanide,  potassium 
ferrocyanide,  copper  sulphate,  15  to  20  cc. 
sulphuric  acid  and  sodium  sulphite.  The  results 
were  satisfactory  as  the  following  table  shows : — 


Evaporation. 

Method  No.  1. 

Solution. 

A.\. 

A.Y. 

dwt 

per  ton. 

dwt.  per  ton. 

Top 

Slime 

•14 

•11 

)> 

ii 

•15 

•43 

•12 

•41 

?> 

ii 

•K) 

•41 

•  • 

ii 

11 

•42 

•  I  1 

■I  1 

ii 

ii 

H 

■" 

It  is  generally  recognised  that  heating  a 
solution  is  ,,  tedious  process  and  should  be 
avoided  if  possible. 
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Method  No.  3. — Some  assays  were  then  made 
by  adding  15  to  20  c.c.  sodium  sulphite  to  the 
solution  first,  allowing  to  stand  for  a  few  minutes 
and  then  precipitating  as  before  but  without 
heating.  The  same  solutions  were  assayed  by 
the  evaporation  method  and  also  by  Method  No. 
1.      The  following  are  the  results  : — 


Kvaporation. 

Method  No.  1. 

Method  No.  2. 

Solution. 

A.V. 

A.V. 

A.V. 

dwt.  per  ton. 

dwt.  per  ton. 

dwt.  per  ton. 

Top   Slime 

•44 

•42 

•42 

•44 

•44 

•44 

•44 

•44 

•46 

'5                    55 

•46 

•46 

■48 

It  is  evident  from  these  results  that  heating 
the  solution  is  a  waste  of  time,  so  Method  No.  1 
can  be  discarded. 

The  next  table  is  a  comparison  of  results 
between  the  evaporation  method,  the  ordinary 
precipitation  method  and  Method  No.  2. 


Solution. 

Evaporation. 

A.Y. 
dwt.  per  ton. 

Ordinary 
Pr't'n  Method. 

A.Y. 
dwt.  per  ton. 

Method  No.  2. 

A.V. 
dwt.  per  ton. 

Black  Sand 
j>         )> 
>>         )> 

55                    55 

Top  Box  1 

55              55          3 

Top  Slimes 

55                    55 

Black  Sand 

55                    55 
55                    55 

16-30 
•37 
•40 
•50 
6-88 
2-16 
•44 

1642 

•39 

•42 

•52 

6-95 

2*21 

•41 

•38 

3-22 

1-94 

•60 

16-77 

•39 

•43 

•53 

7-06 

2-21 

•46 

•39 

3-46 

1-99 

•61 

Average  % 
Difference 

97-12% 

97-55% 

100% 

The  above  results  show  that  the  addition  of 
sodium  sulphite  before  and  after  precipitation 
gives  higher  values  than  either  of  the  other  two 
methods. 

The  final  precipitate  is  much  more  granular, 
not  so  bulky  and  filters  quicker  than  that  from 
the  ordinary  method  and  the  colour  is  also 
different.  It  is  much  lighter  and  in  some  cases 
is  light  yellow,  as  compared  with  the  dark  brown 
colour  of  the  other.  The  filtrate  is  clearer  and 
remains  so. 

Great  care  was  exercised  in  all  the  evaporation 
assays  in  order  to  gel  the  highest  results, 
in  fact,  new  evaporating  dishes  were  used  foi 
the  tests. 

Some  experiments  were  carried  out  with  the 
addition  of  sodium  sulphite  at  the  beginning 
only,  but  the  results  were  not  so  satisfactory. 


REPLY   TO   DISCUSSION. 

Mr.  A.  Whitby  (Member  of  Council):  Myonly 
critic,  Mr.  White,  deals  with  the  subject  of  my 
DOte  in  his  usual  manner.  He  ignores  the  priii 
cipal  motive,  the  use  of  the  method  in  a  recent 
foreign  publication  as  an  original  one,  and  conveys 
the  impression  that  it  is  not  entitled  to  considera- 
tion on  account  of  its  resemblance  to  De  Wilde's 
process  of  gold  recovery.  That  is  manifestly 
unfair.  One  might  as  well  say  that  Alexander's 
method  of  determining  lead  is  not  entitled  to 
bear  his  name  because  the  insolubility  of  lead 
molybdate  was  previously  well  known.  I  was 
well  aware  of  the  remarks  of  Dr.  Loevy  and  Mr. 
J.  R.  Williams  on  De  Wilde's  method,  but  so  far 
as  1  know,  neither  of  these  gentlemen  ever  made 
any  practical  use  of  it  in  laboratory  work. 
Virgoe  was  the  first  to  publish  a  method  of  assay 
by  precipitation  with  copper  salts,  and  I  followed 
Virgoe  and,  although  I  am  open  to  correction,  I 
do  not  think  Mr.  White  said  or  did  anything 
with  his  application  of  De  Wilde's  solution  till 
my  method  was  already  established.  My  objec- 
tion to  using  cuprous  chloride  in  acid  solution 
was  based  on  its  instability.  Some  experiments 
recently  conducted  show  that  with  care  it  gives 
results  almost  as  good  as  my  own  process,  but  I 
still  do  not  think  it  sufficiently  reliable.  1  should 
like  to  know  why  Mr.  White  so  needlessly  uses 
80  assay  tons  of  even  box  end  solutions.  Surely 
a  2500  c.c.  beaker  must  be  very  awkward  to 
handle,  and  he  can  get  quite  sufficiently  accurate 
results  with  an  extreme  of  40  assay  tons  in 
special  cases,  even  with  the  older  type  of  balance. 
I  do  not  think  further  that  a  series  oi  2500  c.c. 
beakers  would  find  room  in  most  assay  offices. 

My  critic's  remarks  on  the  slime  residue 
assay  are  equally  airy,  and  if  he  only  found 
differences  of  "05  dwts.  between  his  treated 
pulp  and  the  untreated,  he  can  hardly  have 
had  effective  precipitation,  or  his  residues 
were  extremely  low.  At  the  time  when  these 
experiments  were  carried  out  it  is  hardly- 
likely  that  slime  residues  were  often  below  'I 
dwt.  with  the  old  two  decantation  ratio  of 
solution  to  dry  slime,  and  the  soluble  gold  was 
somewhere  in  the  neighbourhood  of  '25  dwt. 
Almost  the  whole  of  this  is  lost  in  simple  drying, 
although  when  old  pans  are  used,  it  is  possible  to 
adventitiously  include  some  gold  from  previous 
samples.  In  this  connection  it  is  somewhat  to 
be  regretted  that  Mr.  Etusden  did  not  publish  the 
results  of  the  experiments  spoken  oi  by  Mr. 
Pi  arce  and  n  verted  to  by  Mr.  White.  Why  the 
subjeel   of  slime  residue  assays,  on   which  most 

assayers  have  something  to  say,  should  be re 

or  less  "taboo"  in  this  Society,  ever  since  Mr. 
Caldecott's   paper   many    years   ago,  passes  my 
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comprehension.  It  would  almost  seem  as  if  that 
class  of  result  which  shows  a  higher  percentage 
of  gold  recovery  in  the  reduction  plant,  is  some- 
times the  most  acceptable. 

I  have  to  thank  Dr.  Moir  for  his  kindly  little 
note  on  the  chemistry  of  the  process  and  Mr. 
Jolly  for  his  interesting  experiments,  showing 
the  necessity  of  continuity  in  the  maintenance  of 
reducing  conditions. 


EXPERIMENTS  ON  THE  ASSAY  OF  ACID 
WASHES  RESULTING  FROM  THE 
CYANIDE  "CLEAN  UP"  BY  THE  USE 
OF  BISULPHATE. 


{Read  at  October  Meeting,  1909.) 
By  L.  J.  Wilmoth  (Member). 

REPLY    TO    DISCUSSION. 

Mr.  L.  J.  Wilmoth  {Member):  Consider- 
ing the  very  little  discussion  that  has 
taken  place  on  my  paper,  a  very  few  re- 
marks will  do  by  way  of  a  reply.  Mr. 
Crosse's  question  as  to  the  state  of  the  gold  in 
these  acid  washes  I  have  already  replied  to  by 
saying  I  consider  most  of  the  gold  is  in  suspension, 
the  rest  being  in  solution.  On  January  15th  I 
assayed  a  sample  of  acid  wash  after  thorough 
shaking  of  the  bottle  and  obtained  a  result  of 
0-36  dwt.  per  2,000  lb.  The  rest  of  the  sample 
was  put  on  one  side  and  left  without  being 
disturbed  until  the  16th  of  this  month,  some  29 
days  later,  when  it  was  again  assayed.  This 
time,  however,  only  the  top  portion  of  the 
sample  was  taken,  the  lower  portion  being  left 
undisturbed.  The  assay  result  was  -07  dwt.,  the 
difference  undoubtedly  was  due  to  the  separation 
of  the  gold  values  from  the  solution  due  to 
settlement  during  the  29  days.  As  to  whether  a 
longer  period  of  settlement  would  have  reduced 
this  "07  dwt.  still  lower  I  cannot  say,  but  it  is 
more  than  likely  this  value  represents  the  gold  in 
solution.  The  effect  of  simple  settlement  in  the 
treatment  of  acid  washes  for  their  gold  values 
might  be  worth  investigating.  An  extreme  case 
of  gold  in  suspension  I  mentioned  in  the  original 
paper  when  a  sample  was  reduced  in  value  by 
only  a  couple  of  hours  settlement  from  U27  dwts. 
to  0"23  dwts.  In  regard  to  the  condition  of  the 
small  proportion  of  dissolved  gold,  Dr.  Moir,  in 
his  brief  contribution,  throws  some  light. 

Mr.  Whitby  has  objected  to  the  use  of  the 
term  "Standard  Method."  Perhaps  the  term 
might  have  been  omitted,  but  in  all  experiments 
of  this  type  some  definite  point  must  be  used  and 
hence  the  term  "standard."  I  think  it  is  also 
further  justified  by  the  general  use  of  this  method 
along  the  Rand. 


Once  agein  I  would  disclaim  any  originality  in 
any  of  the  methods  mentioned.  The  method 
referred  to  as  the  "  standard  method  "  has  been 
in  use  on  the  reef,  as  far  as  I  know7,  some  four 
years. 

With  Mr.  H.  A.  White  I  disagree,  when  he  con- 
siders we  assayers  should  measure  our  solutions  and 
not  weigh  them.  This  measuring  is  perfectly  ad- 
missable  with  ordinary  cyanide  solutions,  but,  with 
solutions  having  a  specific  gravity  of  1.1 2,  as  quoted 
by  the  President,  it  is  absolutely  wrong.  A  very 
little  trouble  on  the  part  of  the  cyanide  manager 
will  secure  him  the  actual  weight  of  his  acid  wash. 
The  assayer  is  asked  for  the  assay  value,  and 
unless  his  instructions  are  to  the  contrary,  he 
should  report  his  values  by  weight  and  not  by 
volume. 

In  reply  to  Mr.  Watson,  the  alkaline  sulphide 
in  the  acid  solution  was  used  as  a  matter  of 
convenience. 

In  conclusion  I  would  like  to  thank  all  those 
who  took  part  in  the  discussion  on  the  paper, 
and  once  more  appeal  to  assayers  to  come  forward 
with  any  experimental  or  other  work  bearing  on 
assaying. 


SOME    EXPERIMENTS    ON    SMELTING 
TITANIFEROUS  IRON  ORE. 


Part  I. — Crucible  Experiments. 


{Read  at  November  Meeting,  1909.) 
By  Prof.  G.  H.  Stanley  (Member  of  Council). 

discussion. 

Mr.  F.  J.  Pooler  {Associate)  :.  We  all  await 
with  more  than  ordinary  interest  Prof.  Stanley's 
practical  results  from  Pretoria,  but  as  an 
instalment,  preparatory  to  these,  his  crucible 
experiments  are  more  than  interesting,  and  serve 
to  whet  our  appetites  for  what  is  to  follow. 

His  experiments  seem  to  indicate  that  Ti^Og  as 
a  base  has  been  the  previous  source  of  trouble, 
but  one  would  like  to  know  more  definitely  what 
information  is  available  as  to  the  existence  in  the 
slags  of  a  titano-silicate  such  as  Ti203  3SiOo 
and  it  is  to  be  hoped  that  further  attempts  to 
form  it,  as  in  experiment  {j),  will  be  more 
successful  and  less  costly  than  that  one.  For  it 
seems  fairly  obvious  that  unless  the  existence  of 
some  such  compound  can  be  definitely  demons- 
trated, the  conclusion  that  Ti208  is  functioning  as 
a  base  can  not  absolutely  be  relied  upon.  Is  it 
not  possible  that  Ti.,0.,  and  SiO,2  are  both  acting, 
the  former  functioning  as  a  base  and  the  latter  as 
an  aeid  .'  In  support  of  this  I  may  say  that  I 
have  made  various  calculations  in  an  endeavour 
to  make   up  a  formula  for  the  slags  mentioned, 
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and  treating  all  titanium,  as  Ti.,03  have  failed  to 
get  silica  enough  to  go  round  the  various  bases 
present,  in  several  cases,  the  presumption  being 
that  some  of  the  titanium  is  acting  as  Ti09 
forming  titanates  to  make  up  for  the  deficit  in 
silicates,  unless  the  slags  obtained  had  consider- 
able excess  of  the  bases.  This,  of  course,  can 
only  be  settled  by  analyses.  Again  as  Ti.,().. 
was  thought  to  be  formed,  why  are  analyses 
of  experiments  I.  to  VII.  given  as  TiO.,  % 
It  has  occurred  to  me  that  the  presence  of 
TiO.,  might  be  ascertained  quantitatively  by 
reducing  some  well  powdered  slag  in  a  current 
of  hydrogen,  as  is  mentioned  in  lloscoe  and 
Schoelemmer,  p.  643  (3rd  edition),  when  analyses 
before  and  after  reduction  would  indicate 
what  change,  if  any,  had  taken  place.  (The 
oxides  of  iron  must  first,  of  course,  be  removed.) 
There  may  be  some  experimental  reasons  against 
this,  and  I  shall  be  glad  to  be  told  of  such  by 
Prof.  Stanley  in  his  reply. 

If  the  above  surmise  is  correct,  it  seems  that  a 
reducing  atmosphere  is  an  essential  for  any 
considerable  success  in  the  larger  experiments  to 
be  undertaken,  as  otherwise  the  formation  of 
TiCX,  in  considerable  quantities  seems  highly 
probable,  seeing  that,  as  is  well  known,  Ti.,03  is  not 
altogether  formed,  if  titanium  ores  are  reduced  and 
then  cooled  in  other  than  a  reducing  atmosphere. 

Another  method  of  finding  out  if  TiO.,  is  present 
would  be  as  follows :  pass  dry  chlorine  over  heated 
powdered  slag,  made  into  balls  with  powdered 
charcoal, exactly  as  is  done  in  preparing  SiCl4;  but 
it  seems  uncertain  if  the  time  such  experiments 
would  take  will  in  any  measure  repay  the  authors. 

In  making  calculations  on  the  reduction  of 
2Ti02  to  Ti203  and  Fe203  to  2FeO,  a  peculiar 
relationship  is  noticed,  which  may  complicate 
matters  considerably,  if  all  iron  is  not  removed 
before  the  titanium  peroxide  is  reduced,  thus 
2Ti02  -^  Ti003 
2(48  +  32)         96"+ 48 


and 


160  -^ 
Fe203  ■> 
1  1-2  +  48 


I  If 
2FeO 
2(56  +  16) 


160       ■>  144. 

It  will  be   seen  thai   the  same  proportion  holds 
for  the  loss  of  we i idi t  in  the  two  cases. 


ENDbKSS   liol'K  HAULAGE. 


{Read  at  December  Meeting,    1909.) 

By    II.   ( '<.    K  \v   (Associate). 

DISCUSSION. 

Mr.  G.  A.  Webb  (  Visitor) :  The  veryinterest 

ing  paper  read  before  you  by  Mr.  Kay  describing 


endless  rope  haulages,  and  the  methods  adopted 
at  the  Premier  Mine,  should  provoke  considerable 
discussion,  as  it  is  to  the  adoption  of  automatic 
and  labour-saving  devices  we  have  to  look  for  a 
further  reduction  of  costs  on  these  fields. 

The  form  of  haulage  mentioned  as  being  "  very 
suitable  for  tailings  dumps  "  with  the  jockey  fixed 
to  the  side  of  the  trucks  might  be  all  right  in 
some  cases,  especially  if  the  plant  was  designed 
to  suit  the  haulage  but  even  then  it  has  the 
drawback  as  applied  to  the  average  gold  mine 
that  if  any  accident  should  occur  to  the  full 
trucks,  the  empty  ones  are  also  held  up  and  vie* 
versa.  Another  point  which  appears  to  me  to  be 
objectionable  is  the  tendency  of  the  leading  near 
sida  wheels,  as  also  the  back  off  side  wheels,  to 
be  continuously  flanging,  tending  to  run  off  on 
account  of  the  distorting  pull  on  the  frame. 


To  allow  ^oc/f£r  ro 

M/VG£  /n/>yvAffo     LlfT 


rAF£/t££    /ffH£lVABL£ 
MEMBERS 


I  certainly  agree  that  "  slogging  out "  boys 
should  be  dispensed  with,  and  should  not  be  neces- 
sary where  proper  attention  is  paid  to  the 
jockeys.  The  frame  as  shown  in  the  diagram,  but 
without  the  runners,  is  the  usual  construction  for 
sands  dump  haulages.  With  these  runners  a 
fixed  type  of  jockey  must  be  used,  which,  of 
course,  would  not  be  suitable  where  they  have  to 
be  taken  out  to  pass  under  tanks  where  there  is 
not  sufficient  head-room,  unless  they  are  hinged. 

The  very  important  items  of  onsetting,  and 
releasing  points,  methods  o|  attaching,  speed,  etc., 
should  be  discussed  with  advantage. 

1  wis  particularly  interested  in  the  description 
of  the  jockey  in  use  at  the  Premier  Mine  (Pack's 
patent)  on  which  the  jaws  are  turned  90  to  get 
four  wearing  surfaces  for  each  jaw.  1  have 
brought  some  jockeys  here  to-night  to  show  yon, 
which  have  similar  properties  with  the  added 
advantage  that  the  gripping  parts  can  be  easily 
made  to  follow  the  wear  of  the  rope  and  are  so 
simply  detached. 
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As  it  is  with  maintenance  costs  you  are  all 
deeply  concerned,  it  may  interest  you  to  know 
that  with  the  type  of  jockey  shown  the  costs  can 
be  considerably  reduced  showing  a  saving  of  over 
100%  compared  with  the  ordinary  I'  type. 

On  haulage  having  a  mean  grade  of  15*7% 
roughly  1  in  6"36  by  experimental  tests  which 
have  been  conducted  over  18  months  (although 
four  months' costs  were  taken  for  these  figures)  it 
was  shown  the  costs  could  be  reduced  in  this 
instance  from  <£13  lis.  3d.  to  =£6 -and  this 
allowing  to  replace  the  whole  wearing  blocks 
each  month,  the  average  life  of  these  wearing 
blocks  (as  per  samples)  was  over  six  weeks. 

(Mr.  Webb  demonstrated  his  remarks^  by  an 
exhibition  of  the  jockeys  and  runners  invented  by 
himself.) 

The  meeting  then  closed. 

Notices  and  Abstracts  of  Articles  and 
Papers. 


CHEMISTRY. 
Solubility  of  Lime  in  Water.— "Determina- 
tions  of   the   exact  solubility  of  lime,  prepaied  by 
igniting   purest    calcite,   were  made  by  the  authors, 

using  an  apparatus  specially  designed  to  avoid  all 
sources  of  error  as  far  as  possible.  The  following 
table  shows  the  solubility  ot  pure  lime  in  water  at 
the  temperature  stated  : — 

Temperature.  Weight  of  Water  in  Grams 

oq  required  to  Dissolve 

1  Gram  CaO. 

2  768-5 

10  786-8 

15  804-3 

20  826  4 

25  868-7 

30  908-2 

40  988  1 

50  1083-0 

60  1179-0 

70  L274-8 

80  1368-1 

— G.  T.  Moody  and  L.  T.  Leyson,  Trans,  flu  m. 

Soc,  1908,  93,  1767-1772.— Tin   Analyst,  Feb.,  mmi'.i. 

p.  73.     (E.  H.  C.) 


Chemical  Methods  foe  Distinguishing  Car- 
bon MONOXIDE-HiEMOGLOBIN  FROM  OXYHEMO- 
GLOBIN.— "  The  author  has  investigated  a  large 
number  of  the  proposed  methods  for  the  differentia- 
tion of  carbon  monoxide-haemoglobin  from  oxy- 
hemoglobin, and  has  selected  the  following  modifi- 
cations of  Zaleski'sand  Welzel's  tests  :-  The  blood 
containing  carbon  monoxide  and  a  control  blood 
containing  oxygen  are  diluted  a  hundred  times  with 
water,  care  being  taken  to  agitate  the  carbon 
monoxide  blood  as  little  as  possible,  since  the  com- 
pound is  unstable  in  the  air.  The  cylinder  must  be 
tightly  corked.  If  the  test  is  required  to  yield  a 
rapid  result  with  a  transient  effect,  5  c.c.  of  each  of 
the  solutions  of  blood  are  placed  in  two  test  tubes, 
ami  treated  with  5  drops  of  concentrated  copper 
sulphate  solution.  The  contents  arc  mixed  by 
inverting  the  tubes  once,  and  the  carbon  monoxide 
blood  should  then  show  a  purple-red  colour,  whilst 
the    ordinary     blood     is     coloured    green.       Small 


differences  are  best  detected  by  looking  at  the 
contents  of  the  tubes  from  above.  In  a  few  minutes 
the  carbon  monoxide  blood  also  turns  greenish,  but 
the  difference  may  be  made  to  last  longer  if  only  1 
drop  of  copper  sulphate  be  employed.  If  the  test  is 
not  required  immediately,  but  is  desired  to  be 
permanent,  5  drops  of  a  freshly-prepared  solution  of 
tannin  an-  used  instead  of  the  copper  sulphate.  In 
the  case  of  carbon  monoxide  blood,  the  flocculent 
precipitate  which  is  formed  remains  rose-red  in 
colour;  in  the  case  of  the  ordinary  blood,  it 
gradually  becomes  dirty  red  and  finally  brownish, 
and  the  difference  remains  perceptible  for  months. 
The  tube  containing  the  carbon  monoxide  blood 
must  be  tightly  corked  whilst  the  test  is  being- 
effected.  "— K.  Burker. — Zeit.  biol.  Tech.  una 
Methodik,  L908,  1,  146.— Zeit.  anal.  Ghent.,  1909,  .fS, 
pp.205-207.     Thi  Analyst, April,  1909, p.  161  (E.H.C.) 

Changes  in  Dilute  Solutions  of  Permangan- 
ate.— "  With  regard  to  these  changes,  attention  is 
again  called  to  the  observation  that  the  changes 
take  place  whether  the  solutions  are  subjected  to  the 
action  of  light  or  whether  they  are  kept  in  the  dark, 
although  light  accelerates  the  changes.  One  explana- 
tion is  that  the  dissolved  gases,  the  atmospheric 
gases,  particularly  carbon  dioxide,  may  have  been 
the  influencing  causes.  Against  this  view  is  the  fact 
that  carbon  dioxide  usually  converts  manganates  to 
permanganates  very  rapidly  :  and  oxygen  would 
scarcely  act  as  a  reducing  influence,  whilst  nitrogen 
is  completely  inert.  Nor  could  the  changes  have 
been  caused  by  any  dissolved  organic  substances,  for 
the  solutions  were  made  in  distilled  water,  and  from 
pure  crystallised  salts  ;  and  also,  all  the  glass  vessels 
were  well  washed  before  use  with  a  warm  mixture 
of  hydrochloric  and  nitric  acid.  Nor  could  any 
organic  substances  have  entered  the  solutions,  for 
the  latter  were  always  kept  well  covered  up.  Never- 
theless, in  order  to  eliminate  the  action  of  any  extra- 
neous gases  or  dirt,  another  series  of  solutions  of 
potassium  permanganate  was  made,  and  the  glass 
bottles  were  tilled  to  overflowing.  The  contents 
were  isolated  from  the  air  by  well  ground  stoppers. 
The  bottles  of  one  series  were  tilled  in  the  dark,  and 
they  stood  in  cupboards  to  which  no  light  could 
penetrate.  A  similar  -cries  of  bottles  stood  in  a  well 
lighted  room  and  they  were  exposed  to  the  full  action 
of  light.  The  changes  in  the  colour  of  the  solutions 
were  exactly  the  same  as  in  the  earlier  observations ; 
but  those  of  the  solutions  exposed  to  the  action  of 
light  were  much  quicker.  Besides  the  colour 
changes,  a  small  bubble  of  gas  collected  in  the 
bottles.     The  absorption  spectra  were  not  observed. 

The  explanation  which  seems  to  account  for  the 
changes  is  thai  the  dissociating  force  of  the  water 
slowly  acted  upon  the  dissolved  permanganates,  so 
+  -  + 

that  the  ionic  condition  of  R  and  Mn04,  where  R 
represents  the  metallic  ion,  broke  down.     One  may 

imagine  thai  the  Mn04ion  undergoes  further  dissoci- 
ation into  MnOs  and  0,  or  into  Mn02and  < .)._..     In 

such  dilute  solutions  the  ten-ion  between  the  mole- 
cules of  water  surrounding  the  ions  must  have  been 
very  considerable,  and  it  may  have  been  so  great  as 
to  destroy  the  Mull,  condition,  so  that  further 
changes  took  place  which  became  visible  in  changes 
of  colour,  in  changes  in  the  width  of  the  bands  ami 
in  the  liberation  of  oxygen  ;  and  these  changes  would 
be  accelerated  l>\  the  vibrations  of  light.  The 
inteimediate  stages  of  the  changes  might  be  repre- 
sented by  the  narrowing  of  the  bands  1,  2  and  3  and 
the  widening  of  the  bands  4  and  5,  and  these  might 
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correspond  to  changes  of  the  MnO,  ions  into  MnO.. 
and  ( I  ions.  The  complete  change  in  colon?  from  the 
well  known  permanganate  lint  bo  a  Light  brownish 
yellow  coloui  in  the  more  dilated  solutions,  the  dis- 
appearance of  theahsorption  hands,  and  the  increased 
general  absorption  represented  the  complete  change 
into  MnOo  and  02.  The  Mn02  would  l)e  dissolved 
in  the  colloidal  condition,  and  it  would  be  represented 
by  the  complete  disappearance  of  the  bands,  and  the 
increased  general  absorption,  whilst  the  oxygen 
partly  escaped.'' —  J.  E.  Purvis,  M. A.  —  ProC. 
Cambridge  Philosophical  Society,  -May,  19U9,  p.  255. 
(H.  A.  W.) 


Estimation  ok  Nickel  in  Nickel-Steel  by 
Means  of  Di.methylglyoxime.— "  The  following 
method  is  stated  to  be  rapid  and  trustworthy  tor  the 
estimation  of  nickel  in  nickel-steel.  Five  grams  of 
the  drillings  are  dissolved  in  50  c.c.  of  hydrochloric 
acid  (specific  gravity  1*125),  the  mixture  being 
gently  heated  to  aid  the  solution.  Concentrated 
nitric  acid  is  then  added,  drop  by  drop,  until  the 
solution  is  clear  and  dark  red  in  colour,  and  the  whole 
is  concentrated  to  a  volume  of  about  25  c.c.  The 
residual  solution  is  rinsed  into  a  separating  funnel 
with  hydrochloric  acid  (specific  gravity  1T25)  and 
shaken  with  100  c.c.  of  anhydrous  ether,  which 
removes  the  greater  part  of  the  iron,  the  solution 
being  then  shaken  with  three  successive  quantities  of 
5  c.c.  of  ether  containing  hydrochloric  acid.  The  acid 
solution  containing  the  nickel  is  heated  until  most  of 
the  ether  remaining  in  solution  has  been  evaporated, 
filtered,  the  filter  washed  with  hot  water,  and  the 
liltrate  diluted  to  a  volume  of  about  500  c.c.  Alter 
the  addition  of  a  little  tartaric  acid,  the  solution  is 
neutralised  with  ammonia,  then  rendered  slightly 
acid  with  hydrochloric  acid,  and  dimethylglyoxime, 
in  the  form  of  a  1  per  cent,  alcoholic  solution,  is 
added.  On  heating  the  mixture  anil  adding 
ammonia,  scarlet  red  nickel  oxime  is  precipitated. 
The  precipitate  is  collected  on  a  weighed  filter,  and 
the  clear  filtrate  is  passed  through  a  filter  of  equal 
weight  to  the  hist ;  both  ii Iters  are  washed  with  hot 
water,  dried,  and  weighed  together  in  a  weighing- 
bottle.  The  empty  tiller  is  now  removed,  the  bottle 
and  full  filter  are  re-weighed,  and,  after  removing 
this  filter,  the  bottle  is  weighed  empty.  The  weight 
of  the  precipitate  thus  obtained,  multiplied  by 
0-2031,  gives  the  quantity  of  nickel."-  A.  Iwanicki. 
— Chem.  Zeit.  Rep.,  loos',  .;.-,  p.  044.  —  The  Analyst, 
Feb.,  I'JOO,  p.  74.     (E.  II.  C.) 

Estimation  of  Sulphide  in  Alkali  Cyanide. 

— "  Of  the  three  methods  studied,  that  of  titration 
with  lead  nitrate,  with  lead  paper  as  an  external 
indicator,  is  the  most  rapid  ami  convenient,  and  if 
suitably  performed  ami  corrected,  it  is  sufficiently 
accurate  for  technical  purposes  with  quantities  oi 
potassium  sulphide  below  O'l  per  cenr..  G.  II'. 
WiU'ui nis 's  modification*  of  the  colorimetric  process 
(with  sodium  hydroxide  and  lead  acetate)  is  more 
accurate,  but  less  rapid,  and  it  is  necessary  to  use 
boiled  water  and  to  check  the  strength  of  the 
standard  solution  very  frequently.  Lastly,  Weld's 
method,  depending  on  th™  expulsion  >>i  sulphuretted 
hydrogen  by  distilling  with  magnesium  chloride  in 
an  atmosphere  ,.f  carbon  dioxide,  i>  the  tnosl 
accurate,  bul  too  laborious  for  technical  purposes. 
The  author  describes  the  following  procedure  for 
performing  the  titration  method  with  lead  nitrate: 

— 10    grams    of     the    powdered     cyanide    ale    -tilled 

quickly  with    15  c.c.  of  ordinary  water,  any  lumps 

*  See  this  Journal,  Vol.  \i.,  Nov.,  1905,  p.   L70. 


being  broken  up  with  a  glass  rod.  Any  small 
undissolved  residue  will  generally  go  into  solution 
before  the  titration  is  finished.  The  lead  nitrate 
solution  (1  c.c.  equivalent  to  1  mgm.  of  potassium 
sulphide)  is  then  run  in  quickly,  so  Ion-  as  it  pro- 
duces an  increase  in  colour  :  after  this  it  is  added 
gradually,  the  solution  being  tested  by  placing  drops 
of  it  in  contact  with  drops  of  lead  nitrate  solution  on 
thick  blotting  paper.  The  author  has  carefully 
investigated  the  errors  involved  in  the  lead  titration 
method,  due  to  oxygen  in  the  water,  oxidation 
whilst  the  substance  i>  being  dissolved,  and  oxida- 
tion during  titration.  These  errors  are  very  con- 
siderable ;  but  if  the  procedure  described  above  be 
adopted,  one  and  a  halt  to  two  and  a  half  minutes 
being  required  for  dissolving,  and  three  to  four 
minutes  for  titrating,  the  errors  are  sufficiently 
constant  at  from  IS  to  26  per  cent,  of  the  sulphide 
present.  If  then  the  results  be  multiplied  by  the 
factor  1  "25,  or  if ,  as  is  more  convenient,  a  solution 
containing  2'4  grams  of  lead  nitrate  per  litre  be 
assumed  to  correspond  with  0*10  per  cent,  of 
potassium  sulphide  per  1  c.c.  used,  the  results  are 
accurate  to  2  or  3  units  in  the  third  place  of 
decimals,  and  compare  favourably  with  those 
obtained  by  Williams's  method."  -T.  EWAN. — 
Journ.  Soc.  Chem.  //"/.,  1909,  28,  pp.  10-13. 
The  Analyst,  March,  1909,  p.  117.     (E.  H.  0.) 


Volumetric  Method  foe  the  Estimation  of 
Titanium  and  of  Titanium  and  [ron  in  the 
Presence  of  Each  Other. — "In  one  part  of  a 
solution  containing  titanium  and  iron,  the  titanium 
i-  estimated,  after  reduction  by  zinc  and  hydro- 
chloric acid,  by  titration  with  a  solution  of  methy- 
lene blue,  which  is  standardised  against  a  standard 
titanium  solution.  In  another  part  of  the  original 
solution,  iron  (in  the  ferric  state)  is  estimated  by 
titration  with  titanous  chloride  solution,  lion  salts 
have  no  action  on  methylene  blue,  but  the  lower 
oxides  of  vanadium  and  tungsten  reduce  it.  The 
reduction  of  the  titanium  is  conveniently  carried  nut 
in  a  flask  closed  by  a  rubber  stopper,  carrying  a 
Bunsen  valve  ami  two  short  gla*s  rods.  The  Dip  id' 
the  valve  is  closed,  not  by  the  usual  glass  rod,  but 
by  a  short  -lass  tube  closed  by  a  small  rubber 
stopper.  Through  this  rubber  stopper  a  piece  of 
platinum  wire  i-  inserted,  the  lower  end  of  which, 
inside  the  flask,  carries  a  small  rod  of  zinc,  which 
effects  the  reduction.  When  this  is  complete,  the 
zinc  i-  raised  above  the  liquid  by  means  oi  the  wire, 
carbon  dioxide  is  passed  through  the  flask  by 
removing  the  two  small  gla-<>  rods,  the  zinc  rod  is 
rinsed  with  water,  and  the  titration  effected.  The 
maximum  error  of  the  method  is  about  0*3  per  cent." 
— E.  Bibbert.  .Inurn.  Soc.  Chem.  Ind.,  1909,  28, 
pp.  189-190.—  The  Analyst,  April,  1909,  p.  182. 
(E.  H.  C.) 


Direct  Volumetric  Method  for  the  Estima- 
tion of  ALUMINA. — "  The  precipitate  of  alumina 
and  iron  oxide,  obtained  as  usual,  i-  dissolved  in  the 
smallest  possible  quantity  of  concentrated  hydro- 
chloric acid.  To  this  solution  2  to  .">  grams  ol 
Sodium  peroxide  are  added,  so  as  to  yield  a  strongly 
alkaline    solution    containing    aluminium    a-  aluini- 

nate.  The  solution  is  filtered  from  ferric  hydroxide, 
and  exactly  neutralised  with  hydrochloric  or  sul- 
phuric acid,  after  the  addition  nf  phen.  .1  phi  halien. 
The  liquid  is  then  heated  almost  to  boiling,  methyl 
arange  is  then  added,  and  then  standard  sulphuric 
acid,  until  the  aluminium  hydroxide  previously  pre- 
cipitated  is  entirely  redi-sohed,  and  a  permanent 
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acid  reaction  is  obtained.  The  quantity  of  standard 
acid  used  corresponds  to  the  alumina  present.  The 
method  is  inapplicable  in  the  presence  of  lead  or 
zinc.  Sodium  j>eroxide  is  used  to  make  the  solution 
alkaline,  instead  of  sodium  hydroxide,  <m  account  of 
its  greater  purity." — W.  H.  SEAMON,  Westi  rn  Cht  mist 
and  MetalL,  Feb.,  1909.— Chem.  Engineer,  1909,9, 
p.  116.— The  A, ml tist,  June,  1909,  p.  291.    (E.  H.  C.) 


Separation  of  Antimony  from  Tin.—"  The 
quantitative  separation  of  antimony  and  tin  is  one 
of  the  most  difficult  in  analytical  practice.  Of  the 
methods  hitherto  proposed,  that  of  Yortmann  and 
Metzl  (Analyst,  1906,  SO,  p.  281),  is  the -simplest, 
and  gives  useful  results.  Tj  e  author,  however,  has 
found  that  a  ready  means  for  the  separation  of  the 
sulphides  of  these  two  metals  may  be  based  on  their 
different  solubilities  in  hydrochloric  acid  of  different 
concentrations.  Antimony  sulphide,  though  soluble 
in  hot  concentrated  hydrochloric  acid,  is  insoluble  in 
the  15  per  cent,  acid,  whilst  tin  sulphide  is  com- 
pletely soluble.  When  both  metals  are  present  in 
an  acid  solution  of  such  concentration,  saturation 
with  hydrogen  sulphide  at  the  ordinary  temperature 
throws  out  a  little  of  tin  sulphide  in  association  with 
the  antimony,  but  this  may  be  avoided  by  perform- 
ing the  precipitation  at  a  temperature  of  50°  to  60° 
C.  A  mixture  of  antimony  and  stannic  salts  is 
treated  with  strong  hydrochloric  acid  sufficient  to 
give  a  concentration  of  15  per  cent,  of  the  acid.  The 
beaker  containing  the  solution  is  then  placed  in  a 
water-bath,  and  the  temperature  is  maintained  at 
50°  to  60°  C.  ;  a  strong  current  of  hydrogen  sulphide 
is  then  passed  through  the  liquid  for  thirty  minutes, 
and  the  antimony  sulphide  separates  readily  as  a 
scarlet  precipitate.  The  liquid  is  then  cooled  below 
30°  C,  and  a  moderate  stream  of  hydrogen  sulphide 
is  passed  for  ten  minutes.  The  clear  liquid  is 
decanted  oft  through  a  Gooch  crucible,  previously 
dried  at  110°  C.  and  tared.  '1  he  precijntate  is  rapidly 
collected,  washed  with  50  c.c.  of  15  per  cent,  hydro- 
chloric acid  saturated  with  hydrogen  sulphide,  then 
with  water  and  hydrogen  sulphide,  and  then  in  suc- 
cession with  alcohol,  a  mixture  of  alcohol  and  carbon 
bisulphide,  carbon  bisulphide,  again  with  alcohol, 
and  finally  with  ether.  It  is  dried  at  110'  C.  and 
weighed.  The  tin  remains  in  the  filtrate,  which  is 
partially  neutralised  with  ammonia,  diluted  with 
water,  warmed  and  saturated  with  hydrogen 
sulphide.  The  results  are  exact,  and  are  independent 
of  the  relative  quantities  of  the  two  metals.  The 
method  is  applicable  in  all  cases  where  antimony  is 
present  in  the  form  of  a  solution  of  the  trioxide." — 
G.  PANAJOTOW.—  Bcr.  dcut.  Client  Ges.,  4..',  pp.  1296- 
1299.—  The  Analyst,  June,  1909,  pp.  291-2.   (E.H.C.) 


Rapid  Volumetric  Method  fob  Determining 
Cerium  in  Presence  or  Other  Rare  Earths.— 
"  Cerous  salts  in  sulphuric  acid  solution  are  quanti- 
tatively oxidised  by  sodium  bismuthate  to  eerie 
salts,  and  the  latter  can  then  be  again  reduced  by 
means  of  ferrous  sulphate  added  to  known  amount, 
the  excess  of  this  salt  being  determined  by  titration 
with  permanganate.  The  permanganate  solution  is 
approximately  one-fortieth  normal,  and  is  prepared 
by  dissolving  10  grams  of  potassium  permanganate 
and  50  c.c.  of  strong  sulphuric  acid  in  water,  and 
making  up  to  1  litre.  The  value  of  this  solution  in 
terms  of  Fe,  x30S415,  gives  the  equivalent  of  Ce02. 

The  method  is  accurate,  as  shown  by  the  following 
results  :—Ce02  taken  (1)  0-1901  grain  (determined  by 
oxalate  precipitation ;  found  (a)  0*1897,  (/')  0T907 
gram   Ce02.       Taken  (2)   0  2102    gram  ;   found    (a) 


0-2103,  (b)  0-2104  gram  CeO.„  (3)  Taken,  0-1928  ; 
found  (a)  01927,  and  (6)  0*1922  -ram  CeO„."— F.  J. 
METZGER.— J.  Amer.  Chem.  Soc,  1909,  SI,  pp.  523- 
525.-  Tin-  Analyst,  July,  1909,  p.  335.     (E.  H.  C.) 

Determination  of  Vanadium.  —  "  Method  for 
Products  I. mi-  111  Silica. — Weigh  out  from  0 "250  to 
liiiiii  gm.  of  the  finely  powdered  material  and  mix  in 
a  nickel  crucible  of  about  25  c.c.  capacity  with  3  gm. 
ot  sodium  peroxide  ;  cover  with  about  1  gm.  more  of 
the  peroxide  and  heat  over  a  Bunsen  burner ;  a  dull  red 
heat  being  sufficient.  When  the  darkening  which 
gradually  takes  place  on  the  surface  is  complete,  the 
operation  may  be  considered  finished. 

Eill  a  500  c.c.  beaker  half  full  of  cold  water  and 
transfer  the  cold  crucible  containing  the  melt  to  it. 
Care  should  be  taken  at  this  point  as  the  reaction 
between  the  peroxide  and  water  is  violent.  It  is 
well  to  float  the  crucible  in  the  beaker,  cover  with  a 
large  watch  glass  and  add  water  to  the  contents  of 
the  crucible  a  few  drops  at  a  time  from  a  wash  bottle. 
When  solution  is  complete,  remove  and  wash  the 
crucible,  heat  to  boiling  and  pass  a  current  of  carbon 
dioxide  through  the  solution  until  saturated.  Remove 
from  the  heat,  allow  to  settle  and  pour  through  a 
filter  supported  on  a  platinum  cone.  Wash  three 
times  by  decantation  and  three  times  on  the  filter 
using  hot  water  containing  a  little  sodium  carbonate. 
Suction  can  be  applied  toward  the  end  of  the  opera- 
tion if  found  necessary. 

The  filtrate  is  brought  just  acid  with  nitric  acid, 
boiled  and  the  vanadium  precipitated  with  lead  ace- 
tate ;  the  slight  excess  of  nitric  mid  being  corrected 
by  the  addition  of  a  gram  or  two  of  sodium  acetate. 

The  precipitate  of  vanadate  of  lead  is  separated  by 
filtration,  and  dissolved  in  a  small  quantity  of  dilute 
nitric  acid.  To  the  solution  add  10  c.c.  concentrated 
sulphuric  acid,  evaporate  to  fumes,  cool,  add  cold 
water  ami  separate  the  sulphate  of  lead  by  filtration, 
catching  the  filtrate  in  a  flask.  The  filtrate  which 
may  amount  to  150  c.c,  is  boiled  and  reduced  by 
sodium  sulphite,  using  1  gm.  and  adding  in  succes- 
sive small  portions.  The  excess  of  sulphur  dioxide 
is  removed  by  boiling  ;  for  convenience  in  testing 
this  point,  fit  a  stopper  and  delivery  tube  to  the 
flask.  When  the  escaping  steam  no  longer  decolo- 
rises a  dilute  solution  of  permanganate  of  potash, 
held  in  a  small  beaker,  the  boiling  is  stopped  and  the 
hot  solution  titrated  with  standard  permanganate. 

The  iron  factor  multiplied  by  0916  equals  vana- 
dium. 

If  the  material  contains  arsenic,  it  will  be  neces- 
sary to  remove  it.  A  convenient  point  at  which  to. 
do  this  is  after  the  first  reduction  by  sodium  sulphite. 
Pass  hydrogen  sulphide,  filter,  boil  out  excess  and 
titrate. 

A  collection  from  the  burette  reading  should  be 
made  as  follows  :  To  150  c.c.  of  water  in  a  flask,  add 
10  c.c.  sulphuric  acid  and  1  gm.  sodium  sulphite. 
Boil  out  the  sulphur  dioxide  and  titrate.  The  amount 
of  permanganate  used  to  colour  the  solution  should 
be  deducted  from  the  assay.  The  correction  usually 
amounts  to  0*2  c.c. 

Method  for  <>rcs.—  Treat  1  gin,  of  the  finely  ground 
ore  (less  it  high  grade)  with  80  c.c.  of  aqua  regia  and 
evaporate  to  dryness.  Add  10  c.c.  nitric  acid,  120 
sp.  gr.  and  digest  on  the  hot  plate  for  a  few  minutes. 
Filter  oil  the  silica,  etc.  Nearly  neutralise  the 
filtrate  with  caustic  soda  and  pour  it  with  constant 
stirring  into  a  hot  solution  of  caustic  soda  contained 
in  a  large  beaker.  A  stick  of  caustic  soda  dissolved 
in  200  c.c.  of  water  is  about  the  right  strength.  Heat 
the  solution  to  boiling  and  pass  a  current  of  carbon 
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dioxide  gas.  From  this  point  the  method  is  carried 
out  as  described  above. 

For  Products  containing  much  Silica  and  not 
readily  decomposed  by  acids,  the  method  of  heating 
with  sodium  peroxide  may  be  used,  but  in  this  case 
it  will  be  necessary  to  remove  the  silica.  The  nitrate 
from  the  iron,  after  slight  acidification  with  nitric 
acid,  is  made  alkaline  with  ammonia  and  3  gm.  or 
4  gm.  of  ammonium  carbonate  added.  The  beaker 
is  put  on  a  warm  plate  and  allowed  t<>  stand  for  an 
hour  with  occasional  stirring.  The  voluminous  pre- 
cipitate of  silica  is  separated  by  nitration  on  a  12  cm. 
filter  supported  on  a  platinum  cone  using  suction. 
This  precipitate,  although  somewhat  inclined  to  be 
sticky,  is  not  difficult  t<>  filter  if  suction  is  used.  The 
washing  with  hot  water,  containing  a  little  ammo- 
nium carbonate  must  be  thorough.  Ten  or  twelve 
times  is  not  too  much,  churning  up  the  precipitate 
well  with  the  stream  from  the  wash  bottle.  The 
filtrate  now  freed  from  the  greater  part  of  the  silica 
is  again  made  slightly  acid  with  nitric  acid  and  the 
precipitation  with  lead  acetate  made  as  before. 

When  using  the  acid  method  of  decomposition,  it 
is  not  always  safe  to  assume  that  the  vanadium  is  all 
extracted  by  treatment  of  the  ore  crushed  to  80  mesh 
or  coarser,  with  dilute  nitric  acid,  as  is  sometime- 
recommended.  Some  vanadiferous  sandstones  yield 
to  this  treatment,  but  not  all  and  the  writer,  has 
repeatedly  found  vanadium  in  residues  treated  in 
this  manner.  To  make  sure  of  complete  extraction. 
the  ore  should  be  finely  ground  in  an  agate  mortar 
and  decomposed  first  with  aqua  regia. 

The  direct  reduction  and  titration  of  the  vanadium 
in  the  presence  of  the  accumulated  salts  of  the 
analysis  is  inaccurate,  the  end  point  being  uncertain 
and  successive  reductions  generally  failing  to  check  ; 
so  it  is  always  necessary  to  separate  the  vanadium 
from  these  by  precipitation  with  lead  acetate,  the 
titration  of  pure  vanadium  solutions  being  exact.  If 
rapid  approximate  results  are  wanted,  the  filtrate 
from  the  iron  residue  may  be  acidified  with  sulphuric 
acid  and  the  solution  reduced  and  titrated. 

The  method  as  described  has  the  advantage  over 
the  ammonium  carbonate  method  in  that  the  separa- 
tion of  the  iron  and  vanadium  is  performed,  in  nearly 
every  case,  at  a  single  operation,  and  obviates  the 
necessity  of  a  re-solution  and  reprecipitation  of  the 
iron  residue.  A  clean  separation  can  be  made  on 
iron  vanadate,  using  300  mg.  of  substance. 

The  carbon  dioxide  is  used  to  prevent  bumping, 
although  in  some  cases  its  use  apparently  liives  a 
cleaner  separation,  due  possibly  to  the  tendency  of 
the  alkaline  carbonates  formed  to  hold  vanadium  in 
solution." — H.  F.  Watts. —  Western  Chemist  and 
Metallurgist,  Nov.  1909,  p.  408.     (H.  A.  \Y.) 


METALLURGY. 

Tin-.  Bunt  Continuous  Slime  Filter. — "  The 
Hunt  Continuous  slime  Filter  is  designed  for  the 
separation  of  liquids  from  finely  divided  solid-,  and 
i-  especially  adapted  to  the  cyanide,  chlorination, 
and  other  chemical  processes  for  treatment  <>f  ore-. 
[t  is  also  most  suitable  for  the  dewatering  of  tailing 
in  localities  where  water  is  expensive  or  where  it  is 
desirable  to  follow  wet  crushing  by  cyanidation  or 
other  chemical  treatment . 

In    its   general   design   the   machine  ( sists  of  an 

annular  chamber  which  is  connected  with  the 
vacuum  pump  and  the  top  of  which  constitutes  the 

filtering  surface.      The  filter    U8ed    IS   a    form  of  sand 

filter,  which  the  inventor  first  applied  over  l.">  years 

ago  and  has  used  most  successfully  in  leaching  ore-. 

A  great  deal  has  been  published  recently  regarding 


the  troubles  incidental  to  the  use  of  canvas  or  filter 
(doth  in  filter-presses  and  vacuum-filter  machines. 
With  a  sand  filter  properly  arranged  these  troubles 
do  not  exist.  A  clear  filtrate  is  obtained  and  no 
subsidiary  filter-  is  required. 

In  making  the  filter-bed,  slats  of  triangular  section 
are  placed  side  by  Bide  but  not  touching,  a  space  of 
about  three-sixteenths  or  one-quarter  of  an  inch 
being  left  between  the  bases  of  the  slats.  Carefully 
screened  gravel,  as  nearly  uniform  in  size  as  possible 
and  too  large  to  pass  through  the  openings  between 
the  bases  of  the  slats.  i>  then  placed  in  the  lower  part 
of  the  bed.  Above  these,  finer  gravel  or  coarse  sand 
i-  spread  in  a  layer  about  1  in.  deep  to  form  a  floor 
on  which  is  spread  clean  sand  of  8  to  12  mesh  size,  to 
a  thickness  of  an  inch  or  so  above  the  tops  of  the 
triangular  slats.  This  forms  the  permanent  filter- 
bed  and  is  supported  strongly  enough  to  remain 
perfectly  rigid  on  the  application  of  a  vacuum  in  the 
chamber  underneath.  This  chamber  is  connected 
with  a  wet  vacuum-pump  which  withdraws  the  solu- 
tion and  maintains  the  vacuum.  The  walls  of  the 
structure  may  be  made  of  concrete  and  those  being 
raised  above  the  top  of  the  filter-bed  constitute 
circular  tracks  on  which  a  carriage  revolves.  This 
carriage  has  an  iron  scraper  in  front,  which  is  of  the 
same  width  as  the  filter-bed,  and  removes  the  layer 
of  residue  from  the  permanent  filter-bed.  Following 
(lose  behind  the  scraper,  on  the  carriage,  is  placed  a 
distributor  similar  to  that  used  on  a  Frue  vanner, 
which  distributes  the  sandy  portion  of  the  pulp. 
Behind  this  i>  a  second  distributor  which  spreads  the 
slimy  portion  of  the  pulp  over  the  layer  of  sand  just 
laid  down  by  the  first  distributor.  On  the  central 
column  of  the  machine  are  two  concentric  hoppers  or 
funnels,  which  are  connected  by  pipes  with  the  two 
distributors  and  which  receive  the  pulp.  Before 
reaching  the  filter  machine  the  pulp  is  roughly  classi- 
fied, so  that  a  portion  of  the  fine  sand  is  separated  in 
a  clean  condition,  and  this  clean  sand  is  fed  up>n  the 
filter-bed  by  the  fir.-t  distributor,  the  rest  of  the  pulp 
going  to  the  second.  In  this  way  the  slimy  portion 
of  the  pulp  is  distributed  over  a  layer  of  clean 
tine  sand.  As  the  carriage  moves  continuously 
the  deposited  layer  of  sand  and  slime  is  also  con- 
tinuously removed  by  the  scraper,  while  the  first 
material  is  deposited  by  the  distributors,  as  described 
above.  Pipes  to  spray  wash  solution  and  wash 
water  follow  the  carriage  at  suitable  distances,  so 
that  the  residue  can  be  thoroughly  washed. 

The  machine  has  an  extreme  diameter  of  15  ft., 
the  annulus  being  .'?  ft.  wide.  This  gives  a  filter 
surface  of  LIS  sip  ft.  On  the  supposition  that  the 
layer  of  residue  contains  50  moisture  and  weighs 
109  lb.  per  cub.  ft.,  if  it  is  ]  in.  thick,  it  will  amount 
to  226  cub.  ft.  and  will  weigh  2.30  lb.,  or  123  lb.  dry. 

At   a  -peed  of  revolution   of  the  carriage   per 

minute,  this  represents  an  output  of  369  tons  of  dry 
material  per  hour,  or  over  80  tons  per  day. 

The  vacuum-chamber  and  base  are  made  simply  of 
concrete,  the  bottom  of  the  vacuum-chamber  being 

arranged  so  a-  to  drain  tot  1 ut  let.  The  triangular 

slats  are  put  together  in  sixteen  sections  which  lill 
the  annular  space  and  form  the  support  for  the  filter 
bed  of  sand.  The  carriage  is  driven  from  a  heavy 
gear  which  revolves  on  ball  bearings  on  the  central 
pillar.  The  gear  i-  made  amply  strong  to  meet  all 
strains  and  stresses.  The  pinion  i-  driven  by  a 
worm  gear  with  cut  teeth  running  in  oil.  thus  secur- 
ing   the    necessary    S] 1    reduction    direct    from   an 

ordinary  line  -haft.  The  arm  which  connects  the 
carriage  with  the  driving  gear  is  built  of  channel 
iron-    and    is    very    strppglv    braced.     The    carriage 
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carries  the  scraper  in  front  which  is  set  at  an  angle 
of  60°  with  the  radius  so  as  to  discharge  the  residue 
over  the  outer  edge  of  the  filter-bed.  Overhanging 
the  edge  of  the  filter-bed  is  a  bucket  which  receives 
the  residue  as  sent  over  by  the  scraper.  At  one  part 
of  the  circle  is  fixed  a  tripper,  which  overturns  t  he 
bucket  as  it  passe-  :  by  this  means  the  residue  is 
discharged  at  one  point  and  can  he  removed  by  a 
travelling  belt  or  a  car.  When  water  is  abundant 
this  bucket  is  not  required,  but  the  residue  may  he 
discharged  direct  into  a  tail-race  which  sin  rounds 
the  machine." — Mexican  Minimi  Journal,  Sept:, 
1909,  p.  27.     (G.  H.  S.) 

Cyaniding  in"  America. — "In  some'  respects 
America  is  ahead  and  in  others  it  is  behind  in  milling 
and  cyaniding.  The  new  100-stamp  mill  of  the 
Roodeponrt  United  company,  now  under  construct- 
ion in  Africa,  lias  l,900-lb.  stamps,  which  are 
expected  to  crush  12  tons  each  per  day.  The  capacity 
record  now  held  there  by  the  Cinderella  Deep  is  over 
9  tons  per  1,600-lb.  stamp.  There  is  nothing  to  corn* 
paie  with  these  figures  in  the  United  Staies  or  in 
Mexico.  The  limit  in  stamps  seems  to  be  1,2.50  lb., 
and  this  weight  is  not  common.  The  favourite 
weight  is  1,050  lb.  when  new,  with  an  average 
running  weight  of  1,000  lb.  The  nearest  thing  to  the 
capacity  figures  quoted  above  is  the  record  of  the 
Mexico  mill  at  El  Oro,  Mexico,  of  7  tons  per  stamp, 
though  this  is  not  a  fair  comparison,  as  the  battery 
screens  at  El  Oro  are  6  mesh,  while  in  Africa  they 
are  1 30  to  40  mesh.  And  this  is  the  best  in  Mexican 
practice.  The  average  tonnage  may  be  stated  as  :;•."> 
tons  and  the  worst,  with  1,000-lb.  stamps  and 
40-mesh  screen  is  2*5  tons.  Allis-Chalmers  company 
has  furnished  1,600-lb.  stamps  for  Africa,  but  of  the 
many  hundred  stamp  mills  they  have  supplied,  in 
North  and  South  America,  none  have  exceeded 
1. 200  11). 

On  the  other  hand,  a  recent  exhaustive  report  of 
A.  Hey  maim  on  the  metallurgical  practice  of  the 
Midas  Deep,  Ltd.,  says  among  other  things:  'A 
sample  was  also  taken  from  the  slime  dam  of  the 
current  slimes,  which,  assayed  at  my  laboratory, 
gave  a  result  of  2  5  dwt.  This  would  not  pay  to 
treat  on  a  small  scale,  and  would  only  be  payable 
with  a  very  considerable  increase  in  the  size  of  the 
battery,  and  consequent  increased  tonnage.'  One 
gathers  from  this  statement  that  the  slime  from  this 
20-sl amp  mill,  which  consists  of  35  tons  per  day  of 
$2.50  slime  is  not  treated  because  it  will  not  pay! 
What  plant  here  would  throw  away  such  an  asset  in 
the  form  of  an  easily  treated  slime?  An  American 
or  Mexican  cyanider,  of  a  speculative  turn  of  mind, 
apparently  could  make  a  fortune  cyaniding  slime 
ponds  in  Africa. 

Ways  of  preventing  losses. — A  feature  of  construc- 
tion, which  is  deserving  of  great  consideration  and 
which  has  received  little  attention  in  the  technical 
press,  is  the  common  or  garden  variety  of  rim 
launder.  The  ordinary  iron  launder  as  used  for 
cyanide  tanks  need  cost  at  most  75c.  per  running 
foot.  If  I  were  building  a  plant  with  the  expectation 
of  having  it  operated  by  the  best  three  shiftmen  you 
know,  I  should  expect  an  occasional  forgetfulness  or 
oversight  and  should  provide  for  it.  Every  tank  in 
a  cyanide  plant  which  may  contain  pulp  or  solution 
should  have  a  rim  launder.  Formerly  it  was  con- 
sidered advisable  to  cement  the  floor  of  the  entire 
plant  to  provide  for  such  accidents.  Butsuch  cement 
floor  is  advisable  even  with  rim  launders,  if  for 
nothing  but  to  prevent  leakage  from  faulty  con- 
struction   of    plant.      Even   the   tailings-pond   floor 


should  be  cemented.  All  these  extra  launders  and 
cemented  floors  should  conduct  the  'accidental  over- 
flows '  to  a  sump  tank  specially  provided.  The  least 
experienced  plant  operator  knows  that  this  pays  for 
itself  in  short  order.  It  can  be  easily  understood 
that  if  the  night  shift  forgets  and  allows  a  number  of 
tons  of  solution  to  overflow,  there  will  be  no  boasting 
about  it  in  the  morning.  But  when  the  '  accident 
sump'  catches  tin-  overflow,  even  though  the  pump- 
ing back  is  not  reported,  the  loss  is  prevented,  which 
is  the  main  thing. 

In  this  connection,  it  is  amazing  what  losses  some 
companies  will  stand,  when  the  simple  expedient  of 
returning  the  tailings-pond  drainage  will  pay  hand- 
somely. One  plant  manager  in  Mexico  returns 
settled  solution  from  the  top  of  a  slime  dam  and 
obtains  500  pesos  daily.  In  this  case,  the  query  is  : 
What  amount  of  money  soaks  into  the  ground'.' 
What  amount  could  be  obtained  by  tunnelling  under 
the  pond  and  catching  this  drainage? 

Another  company  sends  its  tailings  into  a  small 
lake,  pumping  back  and  securing  many  thousands  of 
dollars  from  the  surface  of  the  lake.  Where  sand 
leaching  is  practised,  charges  of  sand  are  more  liable 
to  go  out  without  thorough  washing  than  are  slime 
charges  with  modern  methods  of  slime  washing.  At 
one  mill,  nepotism  requires  the  employment  of  a 
young  man  who  is  better  able  to  cope  with  his  cups 
than  with  classifiers.  This  often  results  (particularly 
on  night  shift)  in  slimy  charges  of  sand  and  con- 
sequent utter  inability  to  treat  or  wash.  It  is  a 
notorious  fact  that  the  drainage  from  the  pond  of 
this  plant,  except  during  the  short  period  of  sluicing 
out  the  sand  tanks,  averages  $1  655  per  ton.  The 
point  I  wish  to  make  is  that,  if  not  from  one  cause, 
then  from  another,  accidents  happen  in  the  plant  and 
that,  so  far  as  possible,  provision  should  be  made 
against  resulting  losses. 

Tube  Mill  Practice. — Tube  mills  are  being  improved 
daily.  It  is  but  a  step  from  one  man-hole  in  the 
shell  centre  to  two  at  opposite  ends  and  on  opposite 
sides,  then  another  from  silex  set  flat  in  cement,  to 
edgewise  setting,  to  iron  or  steel  plates,  and  from 
these  to  the  honey-comb  and  ribbed  lining.  Where 
formerly  linings  lasted  three  months  and  required 
three  weeks  for  renewal,  the  life  is  now  twelve 
months  and  replacements  are  made' in  two  eight-hour 
shifts.  At  lirst  the  mills  were  tilled  and  charged 
laboriously  by  removing  a  single  manhole  and 
dumping  in  sacks  of  pebbles.  Then  convenient 
bins  were  built  over  the  mills  to  chute  the  pebbles 
rapidly  into  the  mill  and  thus  save  time  in  this  slow 
and  time-wasteful  operation.  Now  such  a  scheme  as 
a  fixed  spiral  in  the  discharge  opening,  or  a  feeder 
large  enough  to  pass  the  pebbles  into  the  feed  end  of 
the  mill,  has  magically  removed  such  troubles,  and 
tube  mills  are  run  97%'of  the  possible  running  time. 

The  modern  operator  has  gone  even  further  and  is 
dispensing  altogether  with  flint  pebbles.  One  Mexi- 
can company  had  several  car  loads  of  pebbles  at 
Tampico  for  several  months  which  were  for  sale 
cheap.  In  other  words,  it  was  not  worth  while  to 
haul  them  to  the  mine.  It  is  an  interesting  tact 
that  while  pebbles  are  consumed  at  the  rate  of  from 
1  to  2  lb.  per  ton  of  sand  ground,  under  similar 
circumstances,  from  1.3  to -JO  lb.  of  quartz  lumps  are 
required.  With  man-hole  charging  it  would  have 
been  difficult,  expensive  and  tedious  to  have  supplied 
such  a  quantity  of  grinders  to  the  mill,  but  with  the 
simple  methods  of  feeding  now  being  adopted  this 
is  not  difficult.  So  the  cost  of  the  pebbles  is  saved 
and  incidentally  the  capacity  of  the  plant  is  increased 
about  1%. 
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A  ratio  of  one  tube  mill  to  20  stamps  is  con- 
sidered crowding  in  Africa.  At  the  Waihi  Grand 
Junction  40  stampa  are  followed  by  f our  tube  mills, 
and  six  more  are  to  be  added  without  increasing  the 
Dumber  of  stamps.  The  remarks  of  the  chairman  of 
the  company  are  significant.  He  says:  'The 
addition  of  these  six  tubes  together  with  the  sub- 
sidiary plant  will  enable  from  350  to  4<m  tons  to  be 
treated  daily  without  the  erection  of  any  further 
stamps,  our  experience  being  that  it  is  much  more 
economical,  both  from  the  viewpoint  of  capital 
expenditure  and  working  costs,  to  reduce  the  ore  by 
tulie  mills  than  by  stamps.' 

Precipitation  Practice.  In  precipitation,  zinc  shav- 
ings are  favourite-  at  long  odds,  though  zinc  dust 
is  being  successfully  used  wheie  Mr.  Merrill  has  had 
personal  control  of  its  use.  as  well  as  at  Mercur, 
where  for  a  while  a  change  to  shavings  was  con 
sidered,  but  finally  given  up.  In  treating  the 
precipitate,  sulphuric  acid  has  fallen  into  disfavour 
and  no  wonder,  [t  has  been  found  that  passing  the 
precipitate  through  40  to  60-mesh  screens  is  all  that 
is  required  for  producing  a  reasonable  grade  of 
bullion,  and  that  by  arranging  a  set  of  shallow  trays 
in  one  compartment,  or,  better,  in  a  spare  precipita- 
tion box,  the  'shorts'  can  be  made  to  serve  for 
precipitation  of  solutions. 

The  tilting  furnace  wins  friends  wherever  tried. 
A  new  one  recently  put  on  the  market  is  simplicity 
itself.  I  have  seen  a  No.  60  crucible  heated  to 
900°  C.  (a  temperature  which  is  well  above  that 
necessary  for  cyanide  bullion)  in  less  than  one  hour. 
The  fuel  is  coal  oil,  distillate  or  crude  oil,  and  no 
pressure  or  blast,  is  required,  natural  draft  alone 
being  used.  I  neglected  to  say  that  the  above 
temperature  was  attained,  starting  with  a  cold 
furnace  and  crucible.  This  is  not  an  advertisement 
but  an  appreciation,  and  T  should  be  glad  to  supply 
the  name  of  the  manufacturer  to  any  one  interested. 

Where  we  are  weak  in  this  branch  of  metallurgy 
is  in  our  method  of  slime  settlement.  We  need  a 
genius  to  prove  that  slime  is  actually  as  heavy  as 
sand   by  settling   it    as   rapidly,   with   no   thought    of 

ions  or  electrons."— Mark    I>.    Lamb.-  Mines  mi"' 
Methods,  Oct.,  19(19,  p.  73.     (II.  A.  W.) 


Tube-Mill  Liners.-  "  I'.  ('.  Brown,  superinten- 
dent for  the  Waihi  t  riand  Junction  and  Komata  Reefs, 
describing  (lie  tube-mill  liners  invented. by  him, 
which  have  been  continuously  in  use  since  L906, 
is  now  able  to  give  details  of  their  work,  wear 
and  cost.  The  accompanying  illustration  shows  a 
half  cross-section  of  the  liners.  The  longitudinal 
plates  A  are  of  hard  steel  and  are  thickest  in  the 
middle,  where  the  wear  is  greatest.  The  longitudinal 
shoes  (',  also  of  hard  steel,  serve  to   raise  the  pebbles 

and  ore  and  throw    them   down.       Tin;  bars  B,  si - 

(',  and  plates  A  are  held  in  position  against  the 
inside  of  the  tube-mill  by  means  of  bolts.  The  bars 
1!  are  not   subject    to  wear  and  are  made  of  tough 

iron.  The  ribs  are  arranged  in  such  a  way  that  t  here 
IS  no  slip  of  pebbles  on  the  lineis  and  the  correct  rate 

of  revolution  has  to  he  determined,  so  that  the 
cascade  shall  be  well  regulated  and  the  pebbles  not 

thrown  too  tar.  For  a  I  it.  mill  the  correct  rate  i> 
27!  revolutions  per  minute,  and  for  a  4  It.  6  in.  mill, 
24  revolutions  give  the  beat  result.  In  a  4  ft.  mill 
there  are  eight  ribs,  ami  in  a  .">  ft.  mill  ten  ribs. 
Each  rib  for  a  I  tt.  mill  measures  ."!  h\  •_".  in.,  and  for 
a  f>  ft.  mill  .S!  by  3  in.  It  will  be'  seen  that  this 
system  of  liners  is  much  thinner  than  sil ex  liners, 
and  in  a  4  or  5  ft.  mill  the  working  surface  is  thereby 
made  nearly  20     greater  than    in   a  mill  of  the  same 


outside  diameter  lined  with  silex.  The  ore  at  the 
Komata  Reefs  is  very  hard.  It  is  coarsely  crushed 
in  the  stamp- mill,  the  woven- wire  screen  having  only 
five  apertures  per  linear  inch.  There  are  two  tube- 
mills  in  operation,  each  is  16  ft.  by  4  ft.,  and  they 
treat  between  them  about  Will  tons  per  day.  The 
grade  of  the  feed  is  :  Retained  on  6-mesh,  •">  ;  4<i- 
mesh,  46%  ;  90-inesh,  26i%  ;  200-niesh,  8i-\  ;  through 
200-mesh,  14%.  After  grinding,  60%  passed  200- 
mesh.       The    results   during    l'.iiis   .showed   that  the 


consumption  of  Hints  was  2  .Ss  lb.  per  ton  of  ore  and 
the  cost,  at  0"47d.  per  lb.,  was  l  I  id.  The  consump- 
tion of  steel  in  the  liners,  at  16s.  per  cwt..  was  0'82a. 
pel'  ton  of  ore.  The  total  cost  of  wear  was  therefore 
L*93d.  per  ton.  It  was  found  that  a  set  of  liners  will 
last  about  22  months.  At  the  Waihi  Grand  Junction 
there  are  four  tube-mills,  having  a  total  capacity  of 
205  tons  per  day.  Two  measure  19  ft.  1  in.  by  i  ft. 
s  in.  internal  diameter,  one  measures   it;  ft.  by  4  it. 

:i  in.,  and  one  12  ft.  li  in.  by  4  ft.  ."I  in.      The  grade  of 

the  charge  during  190S  was:  Retained  on  in  mesh, 
ii -J     ;    20-mesh,    5*6     ;    40-mesh,    19-8     ;    60-mesh, 

8*5  :  mi  mesh,  7  ;  100-mesh,  5-4  ;  1">»>  mesh, 
103  :  200  mesh.  30  :  passed  -Jim  mesh.  Ill  J  . 
\iter  leaving  the  tube  mills  the  grade  was  :  Retained 
on  Kill  mesh,  (••(>  ;  150  mesh,  6'7  :  JiiOinesh, 
5*7%;  passed  200-mesh,   s;  The  Mints  consumed 

OOst  lil.  per  ton  of  ore  ;  and  the  liners.  Il!l2d.  :  a  total 
of  T92d.       In  order  to  get  ellieienl  reduction,  return* 
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ing-boxes  in  the  nature  of  spitzkasten  are  employed 
at  both  the  Komata  Reefs  and  the  Waihi  Grand 
Junction,  so  that  underground  particles  in  the  dis- 
charge are  returned  to  the  feed." — New  Zealand 
Mines  Record,  April,  1909. — Mining  Magazine,  Oct., 
1909,   p.    153.     (J.  A.  W.) 


Committee  on  Fuel. — "  The  appointment  of  the 
committee  on  coal  is  of  such  recent  date  that  it  has 
not  had  time  to  much  more  than  make  a  harried, 
general  survey  of  the  held,  and  to  make  preparations 
for  gathering  together  literature  on  the  subject. 

It  may  be  asserted  that  in  spite  of  the  really 
enormous  amount  of  literature  published  on  coal, 
less  is  known  chemically  of  this  commodity  than  of 
any  other  single  substance.  Fully  75%  of  the 
literature  consists  of  repetition  of  stock ,  tests  or 
experiments.  For  example:  the  literature  apper- 
taining to  the  economic  combustion  of  coal  in  boilers 
would,  if  collected  together,  weigh  many  tons.  The 
published  analyses  of  coal  amount  to  many  thousands, 
but  when  it  comes  to  the  chemistry  of  coal,  the 
literature  might  be  put  into  a  very  small  space, 
and  of  this  at  least  90%  consists  of  inconclusive 
experiments  which  practically  prove  nothing.  No 
scientific  mind  of  the  first  class  has  ever  seriously 
attempted  to  work  out  the  chemistry  of  coal. 

However,  within  the  last  few  years,  there  is  a 
distinct  tendency  to  get  out  of  the  rut  that  previous 
experimenters  have  been  travelling,  and  it  seems  as 
if  the  question  of  the  scientific  examination  of  coal 
is  becoming  recognised  among  scientific  men  as 
worthy  of  their  attention.  In  view  of  the  fact  that 
considerably  less  than  10%  of  the  coal  produced 
becomes  avalable  for  useful  work,  it  would  certainly 
appear  as  if  the  study  of  coal  is  one  of  the  most 
important  scientific  and  economic  questions  of  the 
day. 

The  first  work  that  your  committee  proposes  to 
undertake  and,  in  fact,  has  already  commenced,  is 
to  gather  together  as  far  as  practicable  all  the 
literature  relative  to  coal  and  its  use.  To  abstract 
this  literature  will  be  its  first  task.  In  doing  this 
work  the  needs  of  the  western  chemists  will  be  kept 
strictly  in  mind,  and  while  some  attention  will  be 
paid  to  foreign  and  eastern  coal,  it  will  be  more  for 
the  purpose  of  being  able  to  institute  comparisons 
between  those  coals  and  those  found  here  in  the 
West. 

The  next  work  will  be  to  make  investigations  into 
the  methods  of  making  coal  analyses.  The  com- 
mittee has  obtained  the  report  of  the  Committee  on 
Coal  Analyses  appointed  by  the  American  Chemical 
Society,  and  has  subjected  it  to  a  rather  close 
examination.  This  report  was  made  a  number  of 
years  ago,  and  has  been  accepted  as  a  standard  by 
chemists  all  over  the  United  States.  Fresh  examina- 
tion of  the  report,  however,  demonstrates  that  even 
in  the  minds  of  the  chemists  of  the  American 
Chemical  Society  a  large  number  of  questions  were; 
left  open,  and  some  of  these  questions  the  committee 
proposes  to  investigate.  We  will  concern  ourselves, 
however,  chiefly  with  the  methods  of  sampling, 
determination  of  moisture,  determination  of  volatile 
gases,  and  will  also  pay  some  attention  to  the  ques- 
tion of  occluded  gases,  with  which  subject  the  report 
of  the  American  Chemical  Society  did  not  deal. 

Sampling. — It  appears  to  us  that  the  method  of 
sampling  recommended  by  the  American  Chemical 
Society  is  open  to  criticism.  The  method  recom- 
mended gives  hardly  much  more  than  a  grabsanrple. 


If  coal  is  to  be  purchased  on  the  basis  of  British 
Thermal  Units  contained,  the  samples  obtained  must 
be  above  suspicion  is  to  their  correctness.  Your 
committee  will  attempt  to  sample  coals  by  several 
different  methods,  and  will  subject  these  methods  to 
careful  examination. 

Moisture. — The  official  method  of  determining 
moisture  is  by  drying  the  powdered  coal  in  a  toluene 
bath.  Toluene  boils  at  1  13d  C.  at  a  barometric  pres- 
sure of  30".  The  boiling  point  at  this  altitude  must 
be  considerably  less,  and  it  is  questionable  in  the 
minds  of  your  committee  whether  a  sufficient  tem- 
perature can  be  obtained  l>y  the  toluene  bath  to 
eliminate  the  moisture.  We  will  introduce  a  com- 
parison of  the  various  methods. 

Volatilr  Gases. — The  determination  of  volatile 
gases  recommended  by  the  Committee  of  the  Ameri- 
can Chemical  Society  is  the  fractional  distillation  of 
one  gram  of  powdered  coal  over  the  full  flame  of  a 
Bunsen  burner  for  seven  minutes.  At  this  altitude 
the  distillation  of  low-boiling-point  tarry  matter  must 
go  on  much  more  rapidly  than  at  sea  level.  The 
violent  distillation  in  the  opinion  of  your  committee 
is  apt  to  entail  a  considerble  mechanical  loss  of  coal 
and  probably  the  distillation  of  high  boiling  point 
hydrocarbons,  not  distillable  at  sea  level.  Moreover, 
the  great  majority  of  western  coals  are  neither 
bituminous  nor  lignite  and  are  non-coking  in  charac- 
ter. These  coals  have  been  officially  named  sub- 
bituminous.  Such  coals  are  much  more  likely  to 
dust  than  bituminous  coking  coals,  and  we  propose  to 
determine  whether  the  mechanical  loss  is  not  more 
serious  than  the  committee  of  the  American  Chemical 
Society  was  inclined  to  believe.  It  may  be  pointed 
out  here  that  this  question  of  the  testing  of  non- 
coking  coals  is  as  yet  an  open  one. 

Occluded  Gases. — Of  course,  all  chemists  are 
familiar  with  the  fact  that  a  great  deal  of  gas  con- 
tained in  the  coal  is  occluded.  Recent  tests,  however, 
go  to  show  that  a  considerable  volume  of  the  gases 
is  contained  in  fractures  or  fissures  in  the  coal. 
This  brings  up  the  question  whether  samples  of  such 
coals,  after  being  crushed  and  kept  for  a  short  time 
at  the  low  atmospheric  pressures  which  prevail  at 
these  altitudes,  do  not  suffer  a  considerable  loss. 
This  is  a  question  which  your  committee  will 
endeavour  to  determine. 

It  is  well  known  that  coal  suffers  considerable 
deterioration  by  keeping.  This  is  true,  even  at  sea 
level.  At  some  of  the  coaling  stations  of  the  British 
Government  coal  is  stored  under  water,  and  it  is 
claimed  that  by  so  doing  the  coal  sutlers  less  deterio- 
ration than  if  stored  in  air.  It  occurs  to  your  conir 
mittee  that  by  getting  into  communication  with  the 
railroad  companies  it  is  possible  that  some  data 
might  be  obtained  of  interest  along  these  lines.  At 
altitudes  of  5,000  to  10,000  feet  the  losses  of  occluded 
gases  would  seem  to  be  greater  than  at  sea  level. 

During  the  last  few  months  the  United  States 
Geological  Survey  has  published  a  great  deal  of 
literature  on  a  number  of  coal  fields  of  which  very 
little  is  known,  even  by  western  men.  Some  of 
these  new  coal  fields  are  of  extreme  technological 
interest.  It  might  be  interesting  to  note,  as  showing 
the  enormous  importance  of  these  coal  fields,  that 
the  Book  Cliff  and  White  River  fields  contain  an 
aggregate  of  twenty-two  billion  tons  of  coal,  and  it 
is  probable,  in  view  of  the  little-known  geological 
conditions  of  these  fields,  that  they  may  contain 
many  times  this  amount,  but  taking  the  present 
rough  estimates,  these  two  fields  alone  contain  suffi- 
cient  coal   to  supply  the  entire  United  States  with 
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coal  for  the  next  fifty  years  at  its  present  rate  oi 
consumption,  and  these  are  but  two  of  the  coal  fields 
out  of  the  scores  yet  to  be  investigated  in  tlie  West. 

Your  committee  reports  that  it  has  secured  the 
co-operation  of  the  city  of  Denver  boiler  inspector 
forthe  purpose  of  investigating  the  industrial  and 
domestic  use  of  coal  in  cities.  Your  committee  has 
proffered  its  aid  to  those  bodies  interested  in  the 
mitigation  of  the  smoke  nuisance.  Your  committee 
will  endeavour  also  to  secure  the  co-operation  of 
those  engineers  in  charge  of  the  large  office  build- 
ings of  Denver,  and  will  endeavour  to  secure  data 
on  the  character  of  the  various  steam  equipments  at 
the  different  buildings,  data  relat  ive  to  1  he  coal  used 
and  the  conditions  and  character  of  the  waste  gases 
sent  into  the  atmosphere  above  the  city. 

Your  committee  wishes  to  stale  that  as  a  matter 
of  convenience  it  will  devote  its  main  attention  at 
this  time  to  coals  mined  in  the  State  of  Colorada. 
This  course  is  not  only  more  convenient,  but  inas- 
much as  our  primary  investigation  goes  t<>  show  that 
the  State  of  Colorada  contains  every  class  of  coal 
from  anthracite  to  a  low-grade  lignite,  it  believes 
that  the  problems  solved  here  will  he  of  general 
application  all  through  the  West.  The  committee 
states,  however,  that  ic  will  not  confine  its  tests 
merely  to  Colorado  coals. 

The  question  of  the  artificial  modification  of  coal 
is  one  of  extreme  interest,  and  considerable  work  has 
been  done  along  these  lines  during  the  last  four  or 
live  years.  Besides  its  heating  value,  coal  contains 
a  great  many  other  valuable  properties.  It  is  pos- 
sible that  the  process  of  modification  of  coal  will 
result  in  giving  a  product  of  more  economic  value 
as  a  fuel  than  coal,  besides  giving  by-products  of 
value  to  chemical  manufacturers. 

While  this  point  of  view  is  probably  too  advanced 
for  conditions  as  they  are  in  the  West  to-day,  your 
committee  believes  that  conditions  are  changing  so 
rapidly  that  some  attention  should  be  given  to  this 
phase  of  the  subject. 

Some  very  excellent  work  recently  has  been  done 
in  the  Experimental  Station  of  the  University  of 
Illinois.  This  work  deal-,  with  the  enriching  of 
producer  gas,  or  rather  the  co-efficients  of  the  velocity 
of  eoi  version  of  carbon -dioxide  into  carbon-monoxide. 
This  work  is  of  peculiar  interest,  inasmuch  a-  it  for 
the  first  time  takes  into  account  the  work  of  Van't 
Holt,  and  deals  with  the  transformation  from  a 
point  of  view  of  the  velocity  of  chemical  reactions 
and  the  influence  of  mass.  This  piece  of  work  is  of 
extreme  interest,  and  is  a  very  line  example  of 
technological  chemical  research. 

Your  committee  appreciates  the  fact  that  it  has 
undertaken  a  very  large  amount  of  work,  but  it  is 
of  such  extreme  interest  that  it  will  be  a  pleasure 
and  not  a  task.  It  invites  the  cooperation  of  the 
members. of  the  society,  not  only  here,  but  in  other 
States.  A.  W.  Warwick.  Western  Chemist  <<n<i 
Metallurgist,  Oct.  1909,  p.  389.     (H.A.W.) 

The  City  Deep  Mill.  "  In  the  ordinary  waj  "i 
things  the  cam  shaft,  Bubjcct  as  it  ii  to  the  destroj 
in",  action  of  incessant  vibration  at  the  same  time 
that  it  is  carrying  an  irregularly  distributed  load, 
which  ranges  between  tlrree  and  four  tons,  usually 
breaks  down  in  about  six  months  or  so.  With  the 
increasing  weight  of  stamps  which  is  the  vogue 
to-day,  and  winch  doe-  not  yet  appear  to  have 
reached  the  limits  of  finality,  this  unpleasant  habit 
of  the  cam  shaft  is  a  mattei   of  berious  import  to  the 


mechanical  engineer  ;  it  is,  in  fact,  the  chief  obstacle 
to  the  building  of  the  very  heavy  stamps  which  are 
necessary  in  order  to  obtain  the  general  milling 
efficiency  which  Rand  engineers  are  aiming  at. 

The  arrangement  i-  briefly  this.  Instead  oi  the 
usual  heavy  timber  king-posts  upon  each  side  of  the 
mortar-boxes  for  ten  stamps,  there  are  built  up  from 
the  concrete  blocks  upon  which  the  boxes  rest 
reinforced  concrete  piers,  about  li  ft.  across  the  base, 
7  ft.  high,  I  ft.  across  the  top.  and  14  in.  wide.  [Tpon 
this  is  set  a  single  steel  casting,  held  down  to  the 
blocks  by  six  l|  in.  rods,  14  ft.  long.  These  bolts 
are  sufficiently  long  to  give  the  whole  the  required 
elasticity,  and  to  complete  the  necessary  resilience 
the  casting  is  supported  upon  the  concrete  piers  by 
wooden  blocks,  14  in.  12  in.  <4ft.  In  addition  to 
the  guide  frames,  the  casting  carries  a  fish-bellied 
girder  of  cast  steel,  upon  which  inter liate  bear- 
ings 5  in.  long  are   set    between  the  cams.      The  cam 

shaft,  therefore,  is  supported  at  every  few  inches  of 

its  total  length,  instead  of,  as  usually,  at  the  ends 
only.  It  is  obvious  that  a  structure  of  this  kind  is 
capable  of  supporting  stamps  of  enormous  weight, 
and  instead  of  a  life  of  several  months  only  for  the 
cam  shaft  one  foresees  a  life  of  several  years.  There 
appears  to  be  no  reason  why  stamps  should  not  be 
weighted  up  to  a  couple  of  tons  if  necessary.  The 
guaranteed  weight  of  the  City  Deep  stamps  is 
■_' mm  lb.,  and  the  minimum  crushing  duty  at  the 
start  of  the  proposed  plant  is  fixed  at  II  tons.  With 
t  he  same  weight  of  stamps  and  a  suitable  mesh  there 
is  no  reason  why  the  crushing  capacity  per  stamp 
should  not  rise  to  20  tons  per  stamp. 

Long  Stamp  Hunts. — Another  feature  of  tin? 
battery  will  be  the  Length  of  the  heads.  These  are 
about  -16  in.  long  and  Qh  in.  in  diameter,  and, 
together  with  the  shoe,  will  have  a  total  length  of 
(in  in.  Since  they  will  project  considerably  above 
the  top  of  the  mortar-box,  wooden  guides  to  receive 
them  will  be  titled  right  into  the  top  of  the  box. 
All  the  pulp  from  the  mill  will  be  taken  directly 
from  the  boxes  through  launders  to  the  tubes, 
except  that  percentage  which  is  already  sufficiently 
fine,  of  course." — Tfie  South  African  Mining  Journal, 
Sept.  II.  1909,  J..  771.      A.  K.i 


Electrical  Smelting  of  Iron  Ore  in  Sweden. 

••  •  liei'j  verksnvt  .'  retell  ill-  to  tile  Operations  con- 
ducted for  three  months  during  last  summer,  and 
the  committee  appointed  by  Government  to  report 
on  the  process,  have  come  to  the  conclusion  that  the 
process  is  one  ot  great  importance,  especially  for 
countries  where  water  power  i-  cheap  and  freight 
easy.  According  i<>  the  committee,  the  two  most 
important  economical  factors  are:  (1)  For  iron  ore 
Carrying  60    per   cent,    or   more    iron,    about  .',  h.p.  is 

required  per  ton  of  iron  ;  (2)  about  300  kgm.  of  coke 
is  accessary  for  every  ton  of  iron."  —  London  Mining 
Journal,  <>ct.  23,  1909,  p.  120.     (A.  K. 


Mercury  in  Italy.  •According  to  a  report  by 
Mr.  Nicou,  the  columnar  deposits  of  cinnabar  in  the 
Monte  Amiata  district  contain  l  per  rent,  mineral 
niii  per  cent,   mercury)    [La  Metalturgie,  21st  April, 

1909).     Tl re  is  screened,  and  all   the  small  frag 

ments    less    than     I.',  in.    are    roasted    in    Cerniak 

furnaces.      The    chiel    mine    is    that    of    AbbadiaSan 

Salvatore,  which  turns  oul  about  25,000  tons  of  l  pei 
cent,  ore  yearly.  Altogether,  the  number  of  furnaces 
running  is  28,  among  which  are  seven  (  ermak 
furnaces  with  a  capacity  of  ■_>»  to  30  ton-,  four  of 
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12  to  15  tons'  capacity,  four  of  2  to  8  tons'  capacity, 
and  13  ordinary  6-ton  furnaces.  The  average  re- 
covery from  a  large  furnace  is  95 "2  per  cent,  of  the 
total  mercury  contained  in  the  oie.  The  latter  costs 
13s.  6d.  to  22s.  6d.  per  ton  at  the  mine,  and  the  cost 
of  classification,  conveyance,  and  treatment  is  3s.  3d. 
per  ton,  making  the  total  cost  16s.  9d.  to  25s.  9d.  for 
the  12g  lb.  of  mercury  recovered,  or  Is.  4d.  to  2s.  per 
lb.  Although  the  quantity  of  the  ore  is  diminishing, 
the  use  of  improved  appliances  enables  the  output  of 
mercury  to  be  maintained,  and  even  increased,  so 
that  Italy  contributes  nearly  400  tons  out  of  a  total 
of  about  3,600  tons  produced  throughout  the  world." 
— (H.  A.  W.) 

Treatment  of  Ores  of  Precious  Metals.— 
"  The  pulverized  ore  is  submitted  to  the  action  of  a 
solution  containing  cyanide,  a  soluble  iodide,  and  a 
substance  capable  of  producing  nascent  oxygen  in 
presence  of  the  mixture,  such  as  a  soluble  bisulphate, t 
ozone,  or  nitrogen  peroxide.  The  process  is  hindered 
if  the  solution  be  too  stiongly  acid,  but  goes  forward 
in  feebly  acid  solutions.  The  most  suitable  propor- 
tions of  the  constituents  must  be  determined  by 
preliminary  trials,  but  in  practice  the  mixture  may 
be  composed  as  follows  : — Potassium  cyanide,  450 
grms.  ;  potassium  iodide,  225  grms.  ;  sodium  bisul- 
phate, 1350  grms.  ;  lime  or  soda,  225  grms.  ;  the 
whole  dissolved  in  900  kilos,  of  water,  and  employed 
in  the  proportion  of  two  parts  of  tf  e  solution  to  one 
of  ore.  The  same  solution  may  be  used  over  and 
over  again,  provided  the  strength  in  cyanide  and 
bisulphate  be  maintained  constant.  No  further 
addition  of  iodide  is  necessary,  the  iodine  being 
regenerated  by  the  bisulphate  added  from  time  to 
time.  Between  each  operation  it  is  desirable  to  pass 
the  liquid  over  the  zinc  shavings  in  order  to  extract 
the  dissolved  metals.  The  bisulphate  may  be 
replaced  by  ozone  or  by  nitrogen  peroxide,  the  con- 
tinuous regeneration  of  the  iodine  proceeding  in  an 
exactly  analogous  manner.  Refractory  ores  contain- 
ing reducing  agents  (such  as  iron  sulphides)  or 
tellurium  may  be  treated  at  once  by  the  solution,  no 
preliminary  roasting  being  necessary." — Clancy 
Metals  Process  Co.,  Fr.  Pat.,  400-700,  March  13, 
1909. — Journal  of  the  Society  of  Chemical  Industry, 
October  15,  1909,  p.  1044.     (W.  A.  C.) 


MINING. 

Electrically-driven  Winding  Engines.  — 
"  One  of  the  essential  features  of  the  Hy  wheel  storage 
arrangement  for  electrically-driven  winding  engines 
is  the  automatic  arrangement  for  securing  the  fall 
in  speed  of  the  motor  and  Hy  wheel  when  the 
maximum  power  is  being  taken.  It  is  at  the  moment 
of  this  fall  in  speed  that  the  energy  of  the  flywheel 
is  given  up  to  the  load,  and  thus  the  power  taken 
from  the  generating;  plant  is  equalised.  Immediately 
the  load  comes  off  the  flywheel  regains  its  energy 
by  speeding  up  again,  and  when  the  maxima  and 
minima  come  near  together  the  action  has  to  be 
quick. 

With  a  direct-current  motor  the  fall  in  speed  is 
easily  arranged  for,  by  fitting  it  with  a  compound 
winding,  the  series  or  compounding  coils  being  so 
connected  that  when  current  is  going  through  them 
they    magnetise  the   poles  in  the  same  direction  as 

Tims.  I'..  i'uouk:  tiesearclies  upon  the  Telluride  Gold  Ores 
of  Cripple  Creek  (Colorado,).  See  this  Journal,  Vol.  iv.  May, 
1909,  i>.  398. 

t  This  should  be  persulphate. — Ed.  Cum. 


the  shunt  coils,  or  in  other  words,  are  cumulative  in 
action.  The  increase  of  magnetism  of  the  poles  causes 
the  speed  to  fall  in  just  the  same  way  as  arranging 
the  series  and  shunt  coils  in  opposition  would  give 
an  increase  of  speed  by  reason  of  the  held  being 
weakened . 

With  a  three-phase  motor  the  problem  is  not  so 
simple,  although  the  motor  itself  is  a  simpler  piece 
of  mechanism  than  the  direct-current  motor.  The 
reason  for  this  is  that  a  three-phase  motor  is  essenti- 
ally a  constant-speed  machine,  and  to  get  the  speed 
down,  to  give  it  'slip'  as  it  is  called,  a  resistance  has 
to  be  inserted  in  the  rotor  circuit.  Of  course,  such 
a  resistance  means  that  power  will  be  lost  when 
current  passes  through  it,  and  this  power  will  be 
proportional  to  the  'slip.'  Therefore  in  order  to 
keep  up  the  efficiency  of  the  combination  the  '  slip  ' 
should  lie  as  low  as  possible.  This  means  that  a 
heavier  flywheel  is  required  than  with  the  direct- 
current  motor  set,  for  it  has  to  give  up  the  same 
amount  of  energy  with  a  smaller  drop  of  speed.  It 
should  be  remembered  that  the  stored  energy  of  a 
flywheel  is  proportional  to  the  square  of  the  speed  at 
which  it  runs.  The  direct-current  motor  having  a 
compound  winding  has  no  loss  of  power  when  the 
fall  in  speed  takes  place,  and  other  things  being  equal 
should  therefore  be  the  better  arrangement.  Put 
that  is  just  the  point,  there  are  other  things  which 
are  not  equal. 

Of  course,  '  slip  '  resistances  may  be  made  to  go  in 
and  out  automatically  by  means  of  an  extra  piece  of 
apparatus,  so  that  it  is  only  connected  in  the  rotor 
circuit  when  the  load,  and  therefore  the  current, 
exceeds  a  certain  amount.  A  good  deal  depends  on 
the  time  taken  by  maximum  load.  A  long-period 
maximum  means  a  much  heavier  flywheel,  anil  there 
comes  a  time  when  a  flywheel  does  no  good  and  may 
as  well  be  omitted. 

It  will  be  seen  from  the  above  that  there  are  points 
for  and  against  both  direct-current  and  three  phase 
for  winding  engines.  These  can  only  be  thoroughly 
appreciated  by  a  trained  electrical  engineer,  and 
colliery  officials  and  steelworks  managers  who  have 
a  mind  to  buy  such  plant  on  their  own  responsibility 
are  dealing  with  a  problem  that  is  not  at  all  simple." 
— E.  Killurn  Scott. — Iron  andCoal  Trades  Review, 
Sept.  10,  1909,  p.  389.     (A.  K.) 


Hydraulic  Store  Filling  at  the  Robinson 
MINE. — "  A  launder  6  in.  x  6  in.  in  size,  is  laid  from 
the  foot  of  the  dump  to  the  top  of  a  pass,  which  has 
been  carried  down  to  the  9th  level,  and  which  was 
holed  through  with  this  object  in  view  as  far  back  as 
December  last.  The  launder  is  graded  at  about  15 
at  the  top  of  the  pass,  where  it  connects  with  another 
of  similar  dimensions  which  runs  down  into  the  mine. 
A  small  quantity  of  water,  sufficient  to  keep  the 
sand  moving  easily,  is  supplied  at  the  dump,  and 
occasionally  a  little  lime  is  added  to  neutralise  the 
acidity  of  the  dr.iinings  below.  At  the  top  of  the 
stope  to  be  filled,  or  wherever  necessary,  a  further 
supply  of  mine  water  is  added  as  required  in  order 
to  facilitate  the  distribution  of  the  sand  in  the  st  ipe. 
To  retain  the  material  in  place,  the  back  of  the  level 
is  packed  first  of  all  with  rock  of  ordinary  walling 
size,  and,  following  this,  with  smaller  rubble  which 
is  covered  finally  with  old  cocoa-nut  matting,  the 
whole  making  a  kind  of  filter,  through  which  the 
water  readily  drains  away.  Only  a  small  percentage 
of  slime  Qnds  its  way  through  the  matting.  The 
mass  quickly  settles  as  a  close  and  compact  filling, 
which  may   be  relied  upon  to  afford  solid  support  at 
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every  point  to  the  roof  above  it.  The  aveiage  dip 
of  the  reef,  it  may  be  mentioned,  is  from  40g  to  50°. 
So  far  only  about  800  tons  of  sand  have  been  packed 
in  the  mine,  but  owing  to  the  fact  that  the  Main 
Keef,  which  lies  some  2  ft.  or  so  below  the  Main  Reef 
Leader,  has  yet  to  be  worked  upon  a  considerable 
scale,  the  sand  tilling  process  seems  likely,  sooner  or 
later,  to  be  brought  into  large  requisition.  Taking 
the  Main  Reef  Leader  at  an  average  thickness  of 
b'  ft.  to  7  ft.,  the  footwall  parting  at  2  ft.,  and  the 
Main  Reef  below  at,  say,  6  ft.  or  7  ft.,  the  resulting 
distance  from  wall  to  Mall  when  the  whole  is  broken 
away  will  amount  to  something  like  loft  or  20  ft. 
Later  on  the  sand  filling  method  will  probably  be 
extended  to  the  lower  levels  of  the  mine  in  such  a 
way  that  the  Main  Reef  may  be  taken  out  below  the 
old  Main  Reef  Leader  stopes,  commencing  from  the 
bottom  and  going  upwards  in  much  the  same  way 
that  the  faces  are  carried  in  coal  seams." — The 
South  African  Mining  Journal,  Sept.  11,  190!),  p. 773. 
(A.  R.) 


Notes  on  Different  Methods  or  Stoping.— 

"  In  dealing  with  this  subject  the  intention  is  not  to 
write  a  detailed  description  of  the  various  methods 
in  vogue  on  the  Kalgoorlie  Field,  but  rather  to  give 
a  brief  outline  of  three  of  the  methods  which  are 
most  universally  in  force,  and  from  which,  ultimately, 
a  few  comparisons  may  be  drawn. 

The  three  methods  which  the  writer  proposes  em- 
bodying in  this  article  are  known  as  'The  Rill," 
'  The  Flatback,'  and  '  The  Shrinkage.'  For  com- 
parative purposes  each  method  will  be  applied  to  a 
block  of  ore  .500  ft.  in  length,  and  opened  up  by  levels 
2IID  ft.  apart. 

The  Hilt  System.  —  It  is  necessary  in  this  system, 
for  facilitating  mullocking,  to  make  connections 
between  levels  by  rising  and  whizing  at  about  every 
100  ft.  or  L50  ft.  along  the  ore  body.  After  the  leading 
stope  is  beaten  off  foi  the  full  length  of  the  drive,  the 
level  is  timbered.  Single  stulls  are  put  in  up  to  a 
width  of  14  ft.  If  the  span  is  too  great  for  stulls,  set 
timbers  or  saddleback  stulls  are  used.  Stulls  are 
lagged  over  with  4  in.  gimlet  poles,  and  wooden 
chutes  are  built  at  intervals  of  50  ft.  Ore  passes  are 
cribbed  up  through  the  filling  directly  above  each 
chute,  ami  are  constructed  of  7  in.  round  timber  or 
9  in.  by  3  in.  square  timber,  the  passes  measuring 
4  ft.  x  4  ft.  in  the  clear.  Occasionally  a  double  pass 
may  be  carried  up,  one  side  serving  as  a  travelling 
way. 

Sloping  is  commenced  oil'  the  winzes,  and  rills  are 
gradually  formed,  one  on  either  end  of  each  winze. 
The  rills  are  generally  at  an  angle  of  37°  oil'  the 
horizontal,  this  allowing  for  the  boring  of  all  water- 
holes.  After  the  rill  is  beaten  through,  and  the  ore, 
which  gravitates  down  the  rill  to  the  ore  pass,  is 
cleaned  up,  machines  are  transferred  to  another 
portion  of  the  stope,  ore  passes  built  up,  and  lining 
is  proceeded  with.  The  filling,  which  usually  consist a 
of  residues,  is  dumped  down  the  winzes  from  the  level 
above  and  gravitates  down  the  rill  into  position, 
although  at  the  extreme  points  of  rills  a  certain 
amount  of  handling  is  required, 

'  The  Flatback*  System  is  similar  to  the  rill,  the 
difference  being  that  the  stope  is  carried  horizontally, 
and  not  rilled  as  in  the  previous  method.  As  the 
ore  does  not  gravitate,  but  lies  where  it  is  broken,  it 
is  necessary  to    have  ore    passes  at    shorter  interval-. 

Filling  i>  aKo  i e  expensive  on  account  of  the  extra 

handling  required.  This  met  hod  is  usually  put  iii 
force  where  the  ground  is  Ihm\  y,  ami  bulk  heads,  el  C. , 
are  required  to  keep  up  the  back  or  walls,  as  the  Hat 


bed  of  mullock  forms  a  solid  foundation  for  the 
bulks. 

'  The  Shrinkage*  or  '/.">/'  System.  —In  this 
system  one  connection  between  levels  at  about  the 
centre  of  the  block  is  all  that  is  needed.  The  level 
is  timbered  similarly  to  the  'Rill'  system,  except 
that  the  chutes,  which  are  put  in  every  20  ft.,  are 
constructed  of  r  in.  steel.  These  chutes  practically 
consist  of  a  steel  lip  protruding  into  the  level,  the 
bottom  of  the  chute  being  formed  by  the  broken  ore 
itself.  Any  rocks  which  are  too  large  to  pass  through 
the  opening  can  be  blasted  without  damaging  the 
chute.  The  stope  is  rilled  at  an  angle  of  23  .  all 
waterholes  being  bored.  Sufficient  of  the  broken 
ore,  approximately  44%,  is  drawn  off  to  allow  com- 
fortable working  room  between  the  back  of  the  stope 
and  the  top  of  the  broken  ore,  which  acts  as  tilling 
until  the  stope  is  completed.  Two  ladderways  are 
cribbed  up  through  the  ore,  one  near  either  end  of 
stope,  built  of  6  in.  half-joggled  logs,  and  measuring 
3  ft.  x  3  ft.  in  the  clear!  These  man  ways  are  com- 
menced between  two  chutes,  so  that  the  shrinkage 
of  the  ore  directly  over  the  chute  will  not  affect 
them.  When  blasting,  only  a  few  holes  are  tired  in 
a  round,  so  as  to  allow  the  large  rocks  to  be  broken 
down  sufficiently  small  to  pass  through  the  chutes. 

After  the  stope  is  beaten  through  to  level  above, 
all  ladders  and  air  pipes  are  removed  from  passes, 
and  the  balance  of  the  ore  remaining  in  the  stope  is 
drawn  off.  The  passes  then  collapse,  and  the  timbers 
are  regained  through  the  chutes,  to  be  utilised  in 
other  places.  Filling  is  then  a  very  simple  matter, 
as,  the  stope  being  open,  the  mullock  may  be  dumped 
at  whatever  point  required. 

Where  conditions  permit  of  the  satisfactory  work- 
ing of  the  Shrinkage  system  the  writer  certainly 
prefers  it.  In  the  Rill  system,  in  opening  up  the 
block  of  ore,  three  or  four  winzes  are  essential  to 
economical  mining,  whilst  in  the  Shrinkage  system 
one  winze  is  sufficient.  A  considerable  saving  in  the 
cost  of  development  is  thus  effected.  Expensive  ore 
passes,  which  have  to  be  installed  and  maintained  in 
the  Kill  system,  are  entirely  dispensed  with  in  the 
Shrinkage  system.  Loss  of  time,  experienced  in 
shifting  machines  preparatory  to  tilling,  is  avoided, 
because  in  the  Shrinkage  system  the  stope  is  not 
filled  until  after  it  is  beaten  through  and  the  ore 
drawn  oil'.  In  the  Kill  system  a  certain  percentage 
of  ore,  no  matter  what  care  is  exercised  in  cleaning 
up  rills,  is  lost  -embedded  in  the  filling— whilst  in 
the  Shrinkage  system  a  certain  amount  of  low-grade 
material  scales  off  the  walls  and  reduces  the  grade 
slightly.  This  can  be  reduced  to  a  minimum  by 
strict  supervision  in  the  breaking  of  the  stope. 

There  are  certain  conditions  under  winch  the 
Shrinkage  system,  if  applied,  would  be  unsuccessful, 
such  as  in  Mat  veins  or  in  stope-  w  here  the  walls  and 
backs   are    bad  ;  but   where    the   lode  is  at  all  nearly 

vertical    and    the    walls    fairly    g 1     the     writer    is 

satisfied  that  it  is  a  cheaper  and  just  as  satisfactory 
a  method  as  the  Kill  system.  In  isolated  patches  o\ 
ore,  which  probably  would  not  be  worth  considering 
if  a  lot  of  dead  work  were  necessary  to  deliver  the 
mullock    in    the    slope,    this    system    can    be    Used    to 

advantage."  J.  Cheffirs.  Queensland  Govt  rnnu  nt 
Minim,  Journal,  Sept.  15,  1909,  p.  413.     (F.  A.J 


MISCELL  Wl'.ois. 
\\  masks  of  Colonial  0  vts,  wi>  thb  Di  rsB 

VI  [NATION     OF      THEIR      PHOSPHORUS     COSTEHT. 

"  The  percentage  weight  of  kernel   in  the  oal  grains 
from  different  districts  in  Cape  Colony  varied  from 
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54-3  to  71*1,  the  highest  figure  being  that  given  by  a 
hue  sample  probably  grown  from  Canadian  seed. 
The  author  gives  the  following  average  results  of  his 
analyses  of  oats  from  various  districts  of  Cape 
Colony,  as  specified  in  the  table,  together  with  the 
composition  of  oats  from  other  countries  for  pur- 
poses of  comparison  : 
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From  these  results  it  is  evident  that  Colonial  oats 
are  equal  in  value  as  regards  organic  food  material 
to  those  of  other  countries,  but  their  content  of 
phosphoric  oxide  is  somewhat  lower." — J.  Lewis,  Cape 
of  Good  Hope  Department  of  Agriculture,  Bull.  35, 
1908.— The  Analyst,  Feb.,  1909,  pp.  55-56.  (E.  H.  C.) 

How  MUCH  Wood  in  a  Coed  ?—"  School  arith- 
metics say  that  a  cord  of  wood  is  128  cubic  feet,  or 
the  contents  of  a  pile  8  feet  long,  4  feet  high,  and 
4  feet  wide.  Wood  is  marketed  on  this  basis.  A 
pile  whose  length,  breadth,  and  height  multiplied 
together  gives  this  number  of  cubic  feet  fills  this 
requirement,  no  matter  whether  the  sticks  are  long 
or  short,  straight  or  crooked,  round  or  split,  unless 
there  is  an  understanding  to  the  contrary.  The 
cubic  feet  of  solid  wood  in  a  cord,  however,  may  vary 
widely  according  to  conditions. 

The  following  table  compiled  from  a  publication 
of  the  United  States  Department  of  Agriculture, 
Forest  Service,  shows  how  much  difference  it  makes 
whether  the  wood  is  cut  long  or  short,  chopped  or 
sawed,     and    whether    the  measurements     are    to 


the 


be  made    while 
seasoned  : — 

Solid  Wood  in  One  Cord,  or 

128  Cubic  Feet. 


wood  is  green   or  after   it   is 
Pile  Measuring 


to 


Cubic  Ft  et. 

85.0 

84.0 

83.5 

83.0 

73.0 

90  to  96 

Per  Cent. 
4-foot 


sticks  to 


Hardwood,  1-foot  lengths. 
Hardwood,  2-foot  lengths... 
Hardwood,  3-foot  lengths... 
Hardwood,  4-foot  lengths  .. 
Hardwood,  12-foot  lengths 
Conifers,  soft  wood 

Losses. 
Loss    from    sawdust    in    sawin 

lengths 
Loss  from  chips  in  chopping  6-inch 

4-foot  lengths 
12-foot  hardwood  cut  to  4-foot  lengths,  loses 

by  closer  piling  (conifers  being  straightcr 

lose  somewhat  less) 
Green  wood  loses  in  bulk  from  seasoning   ... 
Green  wood  loses  in  weight  from  seasoning 

approximately 
A  cord  of  large  diameter  logs  has  a  greater  content 
of  solid  wood  than  a  cord  of  smaller  or  split  logs." 
Mines  and  Minerals,  October,  1909,  p.  140.     (A.R.) 
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7  to  1 1 
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Mining  Reports. — "Whereas,  the  over-valuation 
of  mining  properties  by  investors  and  the  public,  due 
to  ignorance  of  mining  conditions  and  a  lack  of  the 
real  nature  of  the  investment,  tends  to  increase 
unduly  the  profits  of  mine  promoters  and  speculators, 
and  to  increase  unnecessarily  the  financial  risks 
taken  by  mine  investors,  to  the  ultimate  disadvantage 
of  the  mining  industry  : 

Resolved,  that  it  is  the  opinion  of  the  Mining  and 
Metallurgical  Society  of  America  that,  for  the  pro- 
tection of  shareholders  and  investors,  every  mining 
company  should  publish  an  annual  report  within  90 
days  of  the  close  of  its  fiscal  year,  and  such  report 
should  incorporate  the  following  information  : — 

1.  A  brief  review  of  the  past  history  of  the  pro- 
perty, the  work  accomplished,  and  the  results 
obtained,  with  tabulated  statement  of  expenditure 
and  receipts  from  the  beginning,  marketable  pro- 
ducts made  each  year,  and  the  sums  received  from 
the  sale  of  same,  the  annual  net  earnings  and  the 
disposition  made  of  such  earnings. 

2.  A  similar  review,  but  in  more  detail,  of  the 
work  of  the  year,  with  statements  of  the  assets  and 
liabilities  (these  statements  to  show  all  details  as  to 
capitalisation  of  the  company  ;  the  number  and 
classes  of  shares  outstanding  at  date  of  the  report  ; 
the  respective  rights  of  these  shares  ;  the  number  of 
shaies  remaining  in  the  treasury  ;  any  options  or 
contracts  on  such  shares  ;  any  bonded  indebtedness), 
receipts  and  disbursements,  cost  sheet  and  other 
information  as  to  work  accomplished  and  results 
obtained. 

3.  A  statement  of  ore  reserves  at  the  date  of  the 
report,  compared  with  the  reserves  of  the  previous 
year,  with  an  estimate,  by  competent  authority,  of 
the  probable  life  of  the  mine."— S.A.  Minim/  Jour- 
nal, October  30,  1909,  p.  194.     (A.  R.). 

Soldering  Platinum.  —  "  Soldering  ordinary 
platinum  vessels  is  ordinarily  done  with  platinum 
itself  as  the  soldering  material,  or  with  pure  gold: 
using  the  oxyhydrogen  blow-pipe  or  its  equivalent 
melting  flame  ;  but  the  latter  has  the  great  disadvan- 
tage that  it  melts  at  a  lower  temperature  than  the 
platinum,  and  under  temperatures  to  which  crucibles 
or  other  vessels  may  be  subjected,  it  melts  and  leaves- 
the  crack  open. 
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In  the  Central- Zeitunff  fur  Optik  und  Mechanik  ic 
is  recommended  to  close  the  crack  with  a  mixture  of 
platinum  powder  and  turpentine  oil,  then  to  heat  the 
joint  to  a  white  glow,  and  in  this  condition  to 
hammer  all  together.  Another  method,  applicable 
where  the  crack  is  on  the  edge,  consists  in  hanging  a 
narrow  strip  of  platinum  sheet  over  the  crack,  then 
placing  the  article  in  the  fire,  heating  it  white  hot, 
and  then  hammering  if  necessary. 

According  to  the  Mclall- Arbeit*  r  a  small  hole  may 
be  closed  by  a  rivet  made  out  of  platinum  wire, 
welded  after  hammering  both  heads  closely.  For 
larger  holes  a  patch  is  made  of  platinum  sheet, 
riveted  on,  and  then  welded." — Metal  Industry,  Sept. 
30,  1909.     (E.  H.  C.) 


Application  of  Electricity  to  Agriculture. 

— "  It  might  be  of  interest  to  briefly  glance  at  a  new 
development  in  the  application  of  electricity  for  the 
promotion  of  the  growth  of  plants.  The  discovery 
that  electrification  of  the  atmosphere  immediately 
above  the  plant  stimulates  in  certain  cases  its 
growth,  is  already  thirty  years  old,  but  only  recently 
has  this  idea  been  practically  developed — first  by 
Professor  Lemstrbm  in  Sweden,  and  more  recently 
still  by  Sir  Oliver  Lodge,  in  collaboration  with  Mr. 
J.  E.  Newman  and  Mr.  R.  Romford,  on  an  experi- 
mental farm  at  Bitton,  Glos.,  and  on  a  farm  of  about 
40  acres  at  Evesham,  near  Birmingham,  and  at 
other  places.  .  A  network  of  galvanised  iron  wires 
is  stretched  over  the  field  to  be  treated,  and  sus- 
pended 18  ft.  from  the  ground  from  wooden  posts 
and  oil  insulators.  The  posts  are  placed  70  yds. 
apart,  so  that  about  one  post  per  acie  is  required. 
The  network  consists  of  No.  11  S.W.G  wire  placed 
over  the  posts  in  parallel  rows  100  yds.  apart,  and 
No.20S.  W.G.  wire  cross-connecting  the  stouter  wires 
every  10  yds.  The  attachment  of  the  latter  to  the 
insulators  is  not  direct,  but  by  means  of  short  links 
and  tension  insulators  to  reduce  the  electrical  stress 
on  the  insulator  itself.  The  network  is  positively 
electrified  to  from  00,000  to  100,000  volts  by  means  of 
an  induction-coil  mercury  gas  break  and  Lodge 
rectifying  vacuum  valves.  The  induction  coil  is 
worked  on  the  primary  side  by  continuous  current 
obtained  from  an  ordinary  dynamo.  Mr.  Lionel 
Lodge,  who  is  the  electrical  expert  for  the  various 
installations,  informs  me  that  there  is  no  difficulty 
in  keeping  the  potential  in  the  network  up  to  the 
figures  given  except  in  misty  weal  her  or  during  rain, 
when  it  may  fall  as  low  as  20,000  volts  ;  also  that 
the  amount  of  primary  power  required  per  acre  is 
very  small,  namely,  from  10  to  20  watts.  The 
installation  is  inn  for  five  or  six  months  during 
eight  to  ten  hours  each  day,  and  the  total  expendi- 
ture of  energy  is  only  about  20  l>.<>.T.  units  per 
annum  per  acre.  Under  this  treatment  the  increase 
in  the  yield  per  acre  is  about  30*  ,  but  under  certain 
conditions  it  may  be  even  more.  The  system  is  in 
use  on  several  farms  in  this  country,  on  six  farms  in 
Germany,  and  on  one  farm  in  Holland."  —  Dr. 
Gisbert  Kapp,  Presidential  Address,  lust,  of  Elect. 
Engineers,  Nov.  11,  1909.  Electrical  Engineer, 
Nov.  19,  1909,  p.  719.     (J.  A.  W.) 


Methods   of   Resuscitation.  -"A   method  of 

resuscitation,  applicable  equally  to  cased  of  elect  ric 
shock,  "gassing,"  and  drowning,  which  is  said  to  be 
simpler  and  more  effective  than  those  previously  in 
in  use,  was  devised  in   1903  by   Prof.  E.   A.  Schafei . 

I'.  U.S.,  after  considerable  researches  into  the 
efficiency  of  various  systems,  and  lias  been  adqpted 
by  the  Royal  Life  Saving  Society. 


The  first  difficulty  with  a  person  suffering  from 
electric  shock  is  to  obtain  a  clear  passage  through 
the  patient's  lungs— always  a  difficult  operation — 
the  teeth  are  frequently  clenched  and  the  tongue  at 
the  back  of  the  throat,  stopping  the  airway,  and 
under  methods  usually  adopted  the  first  thing  done 
is  to  open  the  patient's  mouth  and  free  the  airway 
by  grasping  the  tongue.  In  Schafer's  method  the 
patient  is  laid  face  downward,  thus  avoiding  the 
necessity  of  attending  to  the  tongue.  '  The  face 
downwards  position  not  only  insures  the  falling 
forward  of  the  tongue,  but  also  facilitates  the  escape 
of  mucus  and  fluid  from  throat  and  mouth  by 
natural  gravitation,  and  prevents  waste  of  \aluable 
time  which  would  be  otherwise  occupied  in  pre- 
liminary operations,  and  would  delay  the  commence- 
ment of  artificial  respiration." 

The  advantages  of  the  Schafer  method   may  thus 

be  enumerated  ; — 

1.  The  ease  with  which  artificial  respiration  may 
be  performed,  hardly  any  exertion  being  required. 

2.  The  efficiency  with  which  the  exchange  of  air 
in  the  lungs  can  be  produced. 

3.  The  extreme  symplicity  of  the  procedure. 

4.  The  impossibility  of  the  air  passages  being 
blocked  by  the  falling  back  of  the  tongue. 

5.  (In  cases  of  drowning).  The  readiness  with 
which  water  and  mucus  are  expelled  from  the  air 
passages  through  the  mouth  and  nostrils. 

0.  It  involves  no  risk  of  injury  to  the  congested 
liver  or  any  other  organ. 

7.  It  is  very  easily  remembered,  and  can  be 
brought  into  operation  by  one  person. 

The  met  ho  1  may  be  described  as  follows  :  — 

The  patient  should  be  at  once  placed  face  down- 
wards on  the  ground,  and,  without  stopping  to 
remove  clothing,  artificial  respiration  should  be  com- 
menced immediately,  as  every  instant  of  delay  is 
serious. 

Rough  usage,  especially  twisting  or  bending  of  the 
limbs,  should  be  avoided,  and  under  no  circum- 
stances should  the  patient  be  held  up  by  the  feet. 

In  the  event  of  respiration  not  being  entirely  sus- 
pended, it  may  not  be  necessary  to  imitate  breath- 
ing ;  in  that  case  the  patient  may  be  placed  on  his 
side,  and  natural  respiration  may  be  assisted  by  the 
application  of  an  irritant  substance  to  the  nostrils 
and  tickling  the  nose.  Smelling  salts,  pepper,  or 
snuff  may  be  used. 

To  effect  artificial  respiration  one  should  put  one's 
self  astride  or  on  one  side  of  the  patient's  body,  in  a 
kneeling  position,  facing  his  head.  Placing  one's 
hands  flat  in  the  small  of  the  back,  with  the  thumbs 
nearly  touching  and  the  fingers  spread  out  on  each 
side  of  the  body  over  the  Lowesl  ribs,  lean  forward, 
and  Steadily    allow     the    weight    of    one's  body  to  fall 

ovei  upon  them,  and  so  produce  a  firm  downward 
pressure,  which  must  not  be  violent.  By  this  means 
the  air  (and,  in  cases  of  drowning,  water,  if  there  he 
any)  is  driven  out  of  the  patient's  lungs.  Imme- 
diately thereafter  swing  backward,  rapidly  releasing 
'be  pressure,  but  without  lifting  the  hands  from  the 
patient's  body.  This  backward  and  forward  move- 
ment (pressure  and  relaxation  of  pressure)  is  repeated 

every     lour    or    live    Seconds.         Ill    Other    Words,    one 

sways  one's  body  forward  ami  backward  upon  one's 

hands  twelve  or  fifteen  times  a  minute,  wit  bout    any 

marked  pause  between  the   movement-.     By  these 
means  an  exchange  of  air  is  produced  in  the  lungs 
similar   to   that    effected    l»\    natural   respiration 
every   pressure   forces  air  out   of  the  chest,   every 
relaxation  of  pressure  pauses  it  to  pa—  in. 
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This  procedure  must  he  pursued  until  natural 
respirations  are  resumed.  If  t hoy  are  resumed,  and, 
as  sometimes  happens,  again  tend  to  fail,  the  pro- 
cess of  artificial    respiration  must  lie  resorted  to  as 

before. 

Whilst  the  operator  is  carrying  out  artificial 
respiration  others  may,  if  there  be  opportunity, 
busy  themselves  with  applying  hot  flannels  to  the 
limits  and  hotly,  and  hot  bottles  to  the  feet,  or 
promote  warmth  hy  friction,  but  no  attempt  should 
he  made  on  the  part  of  the  operator  to  remove  the 
clothing  or  to  give  any  restoratives  by  the  mouth 
until  natural  breathing  has  re-commenced. 

When  natural  respiration  is  once  established,  one 
ceases  to  imitate  the  movements  of  breathing,  and 
the  patient  may  then  be  turned  face  upwards,  and 
the  treatment  for  the  promotion  of  warmth  and 
circulation  proceeded  with. 

Friction  over  the  surface  of  the  body  must  be 
resorted  to,  using  handkerchiefs,  flannels,  &c.  By 
these  means  the  blood  is  propelled  along  the  veins 
towards  the  heart. 

The  friction  along  the  legs,  arms,  and  body  should 
all  be  towards  the  heart,  and  continued  after  the 
patient  has  been  wrapped  in  blankets  or  some  dry 
clothing. 

As  soon  as  possible  after  breathing  has  been 
established  remove  the  patient  to  the  nearest  house, 
and  further  promote  warmth  by  the  application  of 
hot  flannels  to  the  pit  of  the  stomach,  and  bottles  or 
bladdeis  of  hot  water,  heated  bricks,  i&c,  to  the 
armpits,  between  the  thigh*,  and  to  the  soles  of  the 
feet.  If  there  be  pain  or  difficulty  in  breathing, 
apply  a  hot  linseed-meal  poultice  to  the  chest. 

<>n  the  restoration  of  life,  a  teaspoonful  of  warm 
water  may  be  given  ;  then  if  the  power  to  swallow 
has  returned,  very  small  quantities  of  wine,  warm 
brandy  and  water,  beef  tea,  or  coffee  administered, 
the  patient  kept  in  bed,  and  the  disposition  to  sleep 
encouraged. 

The  patient  should  be  carefully  watched  for  some 
time  to  see  that  breathing  does  not  fail. 

If  the  patient  has  been  carried  to  the  house,  care 
should  be  taken  to  let  the  air  circulate  freely  about 
the  room,  and  crowding  round  the  patient  pre- 
vented"— General  Report  and  Statistics  of  Mines  <m<l 
Qitnrries,  Minimi  Engineer,  Nov.  1909,  p.  '201. 
(A.  R.) 


Tellurides.—"  Iii  Economic  Geology  for  October, 
Victor  Lenher  contributes  'Some  Observations  on 
the  Tellurides."  He  has  collected  the  few  facts 
known  concerning  these  interesting  minerals,  and 
has  added  results  of  experiments  made  by  himself. 
Although  the  tellurides  are  of  little  use  for  industrial 
or  metallurgical  purposes,  they  are  important  hy 
reason  of  their  association  with  ore  deposits  rich  in 
precious  metals.  Native  tellurium  is  credited  to 
Boulder  County  and  to  Cripple  Creek,  Colorado  ; 
the  latter  part  of  this  statement  is  open  to  doubt  ; 
the  most  notable  recent  find  of  this  metallic  element 
should  be  credited  to  Vulcan,  in  Gunnison  county, 
Colorado.  Calaverite  (named  after  the  county  of 
Calaveras,  in  California),  and  krennerite  (after  its 
discoverer  Krenner)  are  the  tellurides  richest  in  gold. 
It  is  obvious  that  .Mr.  Lenher  has  not  examined 
many  specimens  of  calaverite  from  Kalgoorlie, 
otherwise  he  would  not  describe  the  mineral  as 
•silver  white  or  slightly  bronze  coloured."  The 
West  Australian  calaverite  is  a  rich  lustrous  yellow. 
When  pure  it  contains  44%  gold  and  50%  tellurium. 
Hessite  is  the  silver  telluride  ;  good  specimens  have 
come   from   the   La   Plata  mountains  (Colorado),  as 


well  as  from  Nagyag  and  Veraspatak,  in  Transyl- 
vania.    The  lead  tellurides  altaiteand  nagyagite  are 

named  after  the  localities  where  they  were  first 
found,  but  they  have  an  academic  interest  only. 
The  telluride  of  mercury  is  coloradoite  and  it  is 
allied  to  kalgoorlite,  which  is  a  West  Australian 
variety  containing  gold  and  silver.  Tetradymite  is 
the  bismuth  telluride  and  rikardite  is  the  copper 
telluride.  The  last  of  these  was  determined  in  1902, 
from  specimens  found  in  Colorado;  since  then  it 
has  been  recognised  in  several  districts.  The  study 
of  the  chemistry  of  the  tellurides  derives  importance 
from  the  light  it  throws  on  the  origin  of  ore  deposits 
containing  gold  and  silver.  Tellurium  reduces  the 
salts  of  the  precious  metals,  especially  gold.  The 
gold  tellurides  all  precipitate  gold  from  a  chloride 
solution.  When  tellurium  itself  is  treated  with 
ferric  chloride  the  tellurium  dissolves,  reducing  the 
ferric  chloride  to  a  ferrous  condition.  This  reaction 
has  been  used  as  the  basis  for  the  extraction  of 
tellurium  from  telluride  ores.  When  roasted,  the 
tellurides  lose  their  tellurium,  which  tends  to 
become  fixed  by  combination  with  ferric  oxide,  as  an 
iron  tellurate.  Tellurium  can  be  transported  in 
nature  as  an  alkaline  tellurite  or  tellurate.  As  a 
sulphide  it  is  readily  soluble  in  alkaline  sulphides, 
and  so  long  as  free  oxygen  is  absent,  it  can  be  trans- 
ported in  this  form.  As  Mr.  Lenher  sajs  :  'The 
close  association  of  the  tellurides  with  the  ninie 
deep-seated  sulphides  would  suggest  that  it  i< 
possible  that  these  sulphides  furnish  sulphide  solu- 
tions that  are  capable  of  carrying  the  tellurium,  and 
that  on  contact  with  the  gold  solutions  from  lateial 
sources  they  are  able  to  produce  the  telluride 
deposits."  "-—Minimi  Magazine,  Dec.  1909,  p.  3*23. 
(A.  R.) 


Reviews  and  New  Books. 

(  We  shall  be  pleased  to  review  any  Scientific  or  Tech- 
nical Work  sent  to  us  for  that  purpose. ) 


Ork  Dressing.  By  Robert  H.  Richards.  Vol. 
III.  and  IV.  8vo.,pp.  850.  Illustrated.  McGraw- 
Hill  Book  Co.,  New  York.     Price  4'2s. 

"  The  publication  of  these  two  volumes  supple- 
ments the  two-volume  book  issued  in  1903.  The 
author  is  piofessor  of  mining  engineering  and  metal- 
lurgy in  the  Massachusetts  Institute  of  Technology, 
at  Boston,  and  needs  no  introduction  to  those  engaged 
in  mining.  By  preparing  these  two  volumes,  togefhef 
with  an  index  (which  constitutes  a  separate  and  fifth 
volume),  Mr.  Richards  has  completed  a  monumental 
task,  which  will  ensure  his  abiding  fame  as  a 
specialist  in  the  wet  treatment  of  ores.  It  will  he 
open  for  technical  men  to  criticise  the  voluminous 
character  and  the  consequent  cost  of  this  tremendous 
treatise,  but  these  drawbacks  are  inevitable  from  the 
bigness  and  intricacy  of  the  subject.  Moieover,  the 
time  necessary  to  the  preparation  of  the  successive 
volumes,  or  even  chapters,  has  been  so  great  that 
some  of  the  earlier  portions  have  been  out-of-date  by 
the  time  the  concluding  paragraphs  went  to  press. 
Even  in  preparing  these  last  two  volumes  the  author 
was  compelled  to  enlarge  his  matter  from  a  small 
supplement  or  appendix  to  dimensions  fully  equal  to 
the  original  publication.  Meanwhile  the  revision  of 
Vol.  I.  and  II.  was  prohibited  by  the  fact  that  the 
details  are  so  interwoven  as  to  preclude  any  method 
not    involving   re-writing.     Indeed,    we    sympathise 
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sor, 


with  t lie  author,  who  is  known  to  be  as  painstaking 

as  he  is  accurate,  for  new  concentrating  devices  and 
even  new  principles  of  ore  dressing  have  succeeded 
others  so  rapidly  as  to  embarrass  a  conscientious 
student  desiring  to  be  a  trustworthy  teacher.  In 
order  to  avoid  the  revision  of  the  first  two  volumes 
while  yet  adding  the  latest  available  information, 
the  author  has  given  us  two  additional  volumes  in 
which  the  subject  matter  of  Vol.  I.  and  II.  is  supple- 
mented chapter  by  chapter.  The  fifth  volume  is  an 
index  that  hinds  the  four  volumes  together.  Thus 
the  reader  is  practically  compelled  to  purchase  Vol. 
III.  and  IV.  in  order  to  obtain  the  corrections  and 
amplifications  of  the  matter  appearing  in  Vol.  I.  and 

II.  ;  at  the  same  time  the  buyer  of  Vol.  III.  and  IV. 
will  have  only  a  lordly fragment  of  technical  infor- 
mation until  lie  completes  his  purchase  by  obtaining 
the  first  two  volumes  I  lie  index  is  supplied  free  to 
purchasers  of  Vol.  III.  and  IV.  We  confess  that  we 
do  not  like  this  feature  of  the  publication,  but  we 
suppose  that  it  was  unavoidable.  Certainly  the  cost 
of  books  of  this  hind  is  insignificant  compared  to  the 
information  they  give  ;  a  single  page,  even  a  para- 
graph, will  often  contain  data  worth  a  hundred  times 
the  price  that  an  engineer  may  have  paid  for  the 
privilege  of  owning  so  comprehensive  a  technical 
guide.  In  one  chapter  Mr.  Richards  gives  details 
concerning  94  representative  mills  in  the  principal 
mining  centres  of  the  world  ;  lie  publishes  data  con- 
cerning cost,  power,  extraction,  arrangement,  and  so 
forth,  in  such  detail  as  to  give  figures  and  facts  of  t  lie 
greatest  value  to  anyone  engaged  in  this  branch  of 
metallurgy.  In  another  chapter  the  cost  of  milling 
is  elucidated  with  elaboration,  affording  a  wealth  of 
practical  information.  We  venture  one  criticism  : 
the  author  practically  ignores  the  air-cushion  stamp. 
In  the  first  edition  the  working  of  this  stamp,  owing 
to  its  misleading  name — the  'pneumatic  stamp'— 
was  misinterpreted.  In  the  second  edition,  some  in- 
formation was  given  concerning  one  or  two  stamps 
of  this  type  that  had  proved  to  be  failures.     In  Vol. 

III.  just  published,  the  whole  subject  is  dismissed  in 
a  few  lines,  with  the  remark  that  this  type  of  stamp 
is  not  gaining  ground.  As  a  matter  of  fact,  the 
air-cushion  stamp  has  inn  successfully  at  Dolcoath 
for  several  years,  and  an  additional  installation  is 
now  being  erected.  Similarly  the  experience  at  East 
Tool  has  induced  the  engineers  to  increase  their 
plant.  In  South  Africa,  it  is  being  tried  at  the  New 
Kleinfontein,  as  was  mentioned  in  our  September 
issue.  The  air-cushion  stamp  has  its  limitations,  but 
being  in  successful  operation,  it  deserves  a  place  in 
an  encyclopedia  of  ore-dressing.  We  congratulate 
the  author  on  fulfilling  his  purpose  in  giving  techni- 
cal Literature  a  treatise  so  comprehensive  and  so 
trustworthy. " — The  Minim/  Magazine,  Oct.,  1909, 
p.  1G0.     (W.  A.  C.) 


DIE    DlAMANTFUHRENDEN   GESTEINE  SUDAFRIKAS. 

i;.\  Dr.  [ng.  Percy  A.  Wagner,    Pp.  -'07  with 

'J9  illustrations  and  2  tables.     (Berlin,  Deutsch- 
land  :  Gebriider  Borntrager.) 
"  This  work  will,  no  doubt,  be  eagerly  perused   by 
a  number  of  people  interested  in  the  South  African 

diamond  industry,  who  are  always  on  the  look  out 
for  fresh  facts  in  connection  with  the  diamond  fields, 
both  from  a  practical  and  scientific  aspeel  ;  but 
although  the  author  shows  himself  possessed  of  a 
very  intimate  know  ledge  of  the  subject  he  deals  \\  it  h, 
yet  the  facts  which  he  places  before  his  readers  are 
tor  the  greater  part  derived  from  efforts  other  than 
his  own,  ami  consequenl  ly  already  previously  brought 
to  their  knowledge.    Nevertheless,  such  data  as  the 


author  claims  to  be  his  own  are  certainly  well  worth 
consideration  and  study,  and  the  author's  ability  of 
assimilating  and  combining  facts  mentioned  by  othei 
writers  on  the  subject  are  worthy  of  appreciation  and 
deserve  commendation  in  every  respect.  It  is  but 
seldom  that  one  finds  a  work  of  this  description,  in 
which  a  number  of  facts  concerning  a  particular 
object  are  so  well  put  together,  and  the  author  is 
modest  enough  to  acknowledge  his  indebtedness  to 
others  throughout  the  book.  The  frequent  references 
and  cross  references  that  occur  in  the  text  certainly 
render  tne  reading  of  the  book  somewhat  difficult  for 
such  students  as  have  not  all  the  literature  referred 
to  eit  her  at  their  lingers'  ends  or  in  the  shelves  beside 
them  :  but  on  the  whole  the  usefulness  of  the  work 
is  much  enhanced  by  such  references  to  the  standard 
works  and  writings  of  other  authorities. 

Dr.  Ing.  Percy  A.  Wagner  is  without  doubt  an 
authority  on  the  subject  he  deals  with,  and  a  trans 
lation  of  this  book  into  our  language  would  be  a 
boon  to  students  who  feel  that  there  is  still  room  for 
further  literature  on  the  subject,  ami  who  wish  to 
gain  a  practical  and  useful  knowledge  in  this  direc- 
tion without  having  time  or  opportunity  to  read  all 
that  has  been  written  on  the  diamond  fields  of  South 
Africa,  as  in  the  short  compass  of  this  work  a  great 
many  useful,  interesting  matters  are  considered 
which  one  hardly  would  look  for  in  a  book  of  its  size. 

To  revert  to  the  work  itself.  The  first  few  pages 
are  devoted  to  a  somewhat  exhaustive  list  of  the 
literature  published  in  a  variety  of  countries  on  the 
same  subject,  in  all  numbering  138  books,  papers, 
articles,  etc.,  to  which  reference  is  made  in  the  book, 
and  this  in  itself  should  prove  to  be  a  useful  compen- 
dium for  the  student. 

Although  the  writer  deals  only  in  a  very  small 
portion  of  his  work  with  the  German  South-West 
Africa  diamond  fields,  yet  the  facts  he  mentions  are 
interesting.  According  to  Dr.  Wagner,  the  Held  has 
a  great  future  before  it,  in  spite  of  the  small  size  of 
the  stones  found  hitherto,  and  he  tells  us  that  from 
May,  190S,  to  the  end  of  December  of  that  year 
39,762  carats,  representing  a  value  of  M.  1,100,000, 
have  been  found.  Whether  the  very  sanguine 
opinion  that  the  stones,  averaging  as  they  do  from 
4  too  carats,  are  of  exceptionally  tine  quality,  will 
be  maintained  in  the  future,  is  yet  a  question  of  con- 
siderable doubt. 

We  can  congratulate  Dr.  Wagner  on  his  efforts 
now  placed  before  us,  and  shall  certainly  look  for- 
ward to  further  works  from  his  pen."  London 
Mining  Journal,  Oct.  23,  1909,  p.  149.     (G.  H.  S.) 
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Abstracts    of   Patent    Applications. 

(C )     500/08.     A.   J.    Arbuckle.      Improvements    in 
apparatus  for  the  treatment  of  crushed  ore  pro- 
duets    for    the    recovery   of   the  metal  contents. 
19.12.08. 
The   above   application    claims  apparatus  for  the 
treatment    of   crushed   ores  comprising  the  combina- 
tion of  dewatering  cones,  previously  patened  by  this 
applicant,  and  air-lift   dissolving    vats.      The  process 
desciibed  involves  features  such  as  air-lift  dissolving 
vats    and    return    of    overflow   solution  for  elevating 
thickened  pulp  before  pumping. 

(C.)  112/1)9.  William  Arthur  Caldecott.  Improve- 
ments in  or  connected  with  dissolving  vats  for 
use  in  the  treatment  of  ores.     6.3.09. 

The  object  is  the  acceleration  of  the  dissolving 
of  gold  in  sand  practically  free  from  slime. 

The  improvements  consist  of  the  combination  of 
various  devices  for  the  aeration  and  mechanical 
agitation  of  ore  pulp  with  the .  application  of  the 
Caldecott  cone  diaphragm  No.  231,  1908. 

This  application  is  the  combination  of  the  Calde- 
cott cone  diaphragm  for  the  treatment  of  sands  with 
two  systems  of  pump  agitation,  with  a  system  of  air 
agitation,  and  also  with  a  system  of  mechanical 
agitation  by  means  of  a  screw  working  in  a  verticle 
pipe  known  as  the  "  Hendryx  Agitator." 

(C.)     167/09.     Alexander  John  Arbuckle.     Improve- 
ments in  means  for  introducing  and  distributing 
mixtures  of  solids  and  liquids  in  settling  or  other 
vats  and  vessels.     5.4.09. 
This  specification  claims  for  the  purpose  of  facili- 
tating  the    settling    of     solids    from    pulp    certain 
arrangements   of   internal   cones    and    rings    with  a 
verticle   shaft  provided   with   helical   scraper  blades 
"  substantially  as  described  and  shown." 

(C)    218/09.    Thomas  Millar  Smith.    Improvements 
in  means  tor  obtaining  better  combustion  of  the 
fuel  in  the  furnaces  of  steam  generators  and  the 
like.     S.5  09. 
Tins  refers  to  the  heating  of  air  to  a  high  tempera- 
ture in  passages  or  tubes   located   in  the  combustion 
chambers  of  a  steam  boiler  before  mixing  it  with  the 
volatile  gasses  issuing  from  the  grate. 

(C.)  289/09.  Karl  Sophus  Stump  (1),  Theodore 
Wilfrid    Rill    (2).     Improvements   in  means  for 
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distributing  sand  on  mine  dumps,  also  applicable 
for  other  similar  purposes.  18.6.09. 
This  application  relates  to  means  for  delivering 
tailings  over  the  edge  of  a  dump,  and  comprises  a 
power-driven  conveyor  belt  moving  horizontally  at 
right  angles  to  the  line  of  the  track  for  ihe  trucks. 
This  belt  is  mounted  on  a  carriage  travelling  on 
rails.  Slide  rails  are  provided  for  raising  the  trucks 
above  the  conveyor,  where  the  contents  of  the  trucks 
are  tipped  into  a  hopper. 

(C.)  547/09.  Oscar  Clarence  Beach.  Improvements 
in  grinding  mills.  26.11.09. 
This  refers  to  numerous  improvements  in  small 
plate  grinding  mills  for  assayers'  samples,  including 
means  of  getting  better  alignment  of  discs,  com- 
plete discharge  of  all  the  ore,  saving  of  dust,  and 
better  lubrication  of  the  machine. 

■(C)  548/09.  Robert  Lemmon  (1),  Robert  Patrick 
Holmes  (2).     Automatic  filter  press.     26.11.09. 

This  machine  consists  of  an  automatic  continuous 
lifter  press,  having  filter  chambers  on  an  intermit- 
tently revolving  table.  The  filter  chambers  are 
fitted  with  air-tight  plungers,  reciprocating  vertically 
-into  and  out  of  said  chambers,  thereby  compressing 
air  on  the  surface  of  the  slime  pulp  and  forcing  the 
liquid  through  a  filtering  medium  placed  in  the 
bottom  of  the  chamber.  The  pulp  is  admitted 
through  a  launder  into  the  chamber  directly  under- 
neath it,  pressed  by  means  of  the  air-tight  plunger, 
then  moved  forward  in  the  chamber  by  means  of  a 
]-12th  revolution  of  the  table  to  the  position  of  the 
next  plunger.  This  operation  of  pressing  is  repeated 
four  times.  In  the  fifth  position  of  the  chamber 
washing  and  agitation  of  the  pulp  takes  place, 
thence  pressing  is  repeated  tsvice,  followed  by 
another  agitation  and  wash,  and  again  pressing  is 
repeated  three  times. 

The  final  position  of  the  chamber  is  the  point  of 
discharge  of  pressed  slime,  which  operation  is  per- 
formed by  automatically  lifting  the  filter-bed  to  the 
level  of  the  top  of  the  chamber  and  removing  the 
slimes  by  means  of  a  scraper.  As  there  are  twelve 
chambers  in  all,  there  will  thus  be  one  chamber 
tilling,  eight  simultaneously  pressed,  two  simul- 
taneously agitated  and  washed,  and  one  being 
discharged. 

(C)  570/09.  Alfred  Notlitt  Sedgley.  Improvements 
in  centrifugal  pump,  filters,  and  strainers. 
10.12.0!!. 

Two  skeleton  drums  are  mounted  vertically  on  a 
tubular  frame  connected  to  a  vertical  tubular  axis 
between  the  drums  :  around  the  drums  is  passed  a 
suitable  filter  cloth  in  the  form  of  a  belt,  and  drawn 
tight  on  the  drums  by  two  rollers. 

The  system  revolves  on  the  central  axis  at  a 
suitable  speed,  and  the  pulp  is  fed  down  the  axis, 
passes  through  the  tubular  frame  to  the  interior  of 
the  two  drums,  and  is  thrown  against  the  filter  clot  h, 
which  passes  round  them,  and  retains  the  solid 
portion  of  the  pulp  while  allowing  the  solution  to 
pass  through  and  be  collected  in  an  outer  fixed 
easing  in  winch  the  drum  frame  revolves. 

An  arrangement  is  provided  for  rotating  the 
drums  on  their  own  axis,  thus  causing  the  filter  bell 
to  travel  and  pass  two  scrapers,  which  clear  it  of  the 
sands  and  drop  them  into  a  suitable  receptacle 
beneath. 

(C)     574/09.     John   Collins   Clancy.     Treatment  of 
precious  metalliferous  ores.     10.12.09. 

This  application  refers  to  a  process  for  the  treat- 
ment of  ores  containing  precious  metals  by  means  of 


sulphocyanide  solutions,  and  using  ozone  a-  the 
oxidizing  agent.  Lime,  caustic  soda,  and  soluble 
iodine  compounds  might  also  be  used  in  connection 
therewith.  It  is  necessary  that  the  ma«s  under 
treatment  should  be  in  a  non-acid  condition, 
in  which  state  the  inventor  claims  his  process  has 
greater  affinity  for  the  precious  metals  than  for  the 
base  metals  which  remain  undissolved  in  the  ore 
mass. 

(C.)    577/09.     Henry  Livingstone  Sulman  (1),  Henry 
Howard  Greenway  (2),  Arthur  Howard  Higging 
(3).     Improvements  in  or  relating  to  the  concen- 
tration of  ores.     15.12.09. 
The  above  application  refers  to  a   mollification   of 
the    "flotation"'    method    of    concentration,    which 
consists  in  the  substitution  of  certain  specified  organic 
substances  for  oil  or  oily  liquids  previously  used  in 
conjunction  with  slightly  acidified  water,  as  mineral 
frothing  agents.     The  substances  mentioned  comprise 
certain     organic     acids,    ethereal     salts,    aromatic 
hydroxy-compounds,  and  ketones. 


Selected  Transvaal  Patent  Applications. 

Relating  to  Chemistry,  Metallurgy  and 
Mining. 


Compiled  by  C.  H.  M.  Kisch,  F.M. Chart. Inst.P.A. 
(London),  Johannesburg  (Member). 


( N.B. — In  this  list  (P)  means  provisional  specifica- 
tion, and  (C)  complete  specification.  The  number 
given  is  that  of  the  specification,  the  name  that  of  the 
applicant,  and  the  date  that  of  filing. ) 


(P.)  17/10.  R.  15.  Ballantine  (1),  M.  Wagner  (2). 
An  improved  process  for  the  reduction  of  cassiterite 
and  apparatus  therefor.     21.1.1(1. 

(P.)  18/10.  C.  A.  Parsons.  Improvements  relat- 
ing to  the  governing  of  fluid  operated  motor-.  21. 1.  in. 

(C.)  19/10.  E.  Richardson  (1),  .1.  T.  Marshal]  (2). 
Improvements  in  slide  valves  for  fluid  pressure, 
steam  and  other  engines.     21.1.  10. 

(('.)  20/10.  W.  Burgess.  A  composition  or  com- 
pound for  neutralising  the  noxious  fumes  produced 
by  blasting.     21.1.  Hi.' 

(P.)  21/10.  E.  -I.  Way  (1),  A.  .1.  Arbuckle.  Im- 
provements in  vats  or  vessels  for  the  treatment  of 
crushed  ore  products.     22.1.10. 

(I\)  22/10.  dames  Garvie.  Double  faced  valve 
and  joint  connection.     27.1.1". 

(P.)  23/10.  James  Edward  Thomas.  Improve- 
ments in  or  relating  to  tube-mill  feeding  devices. 
27.1.10. 

(P)  24/10.  John  Henry  Houghton.  An  improved 
mixture  for  neutralising  the  noxious  fume-  produced 
by  blasting  in  mines.     28.1.10. 

(C.)  25710.  Georg  Schwabach.  Improvements 
in  regulating  devices  for  gas  and   the  like  supply 

plant-.      28.1.10. 

(('.)  26/10.  Kine-t  Armstrong.  Improvements 
in  or  relating  to  files,  rasps  or  similar  tools.    28. 1. 10. 

(C)  27/10.  Godfrey  Benington  Johnson.  Im- 
provements in  and  in  apparatus  for  producing 
corrugated  metal  sheets  for  roofing  and  other 
purposes.     28.1.10. 

(C.)  29/10.  Adolf  Andersson.  Improvements  in 
rock  drilling  machine-. 

(P.)  30  10.  Fred.  Herbert  Brislin.  Improvements 
in  or  relating  to  fingers  or  device-  for  putting  the 
-tamps  of  stamp  batteries  out  of  action.    2.2. 10. 
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(P.)  31/10.  Peter  Miller.  Improvements  in  drills 
or  bits  applicable  for  machine  or  hand  drilling. 
2.2.10. 

(P.)     32/10.     Elisha  Tippett.     Improvements  in  or 

relating  to  rock  drilling  machines.     2.2.10. 

(P.)  33/10.  James  Higham.  Improved  automatic 
and  continuous  sample  dividing  apparatus.     3.2.  Id. 

(P.)     35/10.      John    Whitford    (1),    Joseph   Amos 
Mills  (2).    Improvements  in  mine  ventilation.    3.2. 10. 
(P.)    36/10.     Frederick  George  Fell.    Stamp  safety 
clamp.     4.2.10. 

(P.)  38/10.  Frederick  Wesley  Thomas.  Clean 
up  machine.     5.2.10. 

(F.)  41/10.  Duderick  Cornelius  Johannes  Enzlin. 
Improvements  in  safety  lamps.     9.2.10. 

(P.)  42/10.  Allan  Ewen  Victor  Fraser.  Auto- 
matic petrolene  gas  generator.     9.2.10. 

(C.)  43/10.  JohnLowther.  Improvements  relat- 
ing to  bearers  for  mine  shafts. 

(C).  45/10.  Frederick  Benjamin  Adolphe  Kirsten. 
Improvements  in  apparatus  for  recovering  diamonds. 
10.2.10. 

(P.)  46/10.  Edward  Jameson  (1),  Victor  Frolich 
(2).  Impi ovements  in  means  for  operating  gravity 
stamps.     11.2.10. 

(('.)  47/10.  Henry  William  Muhleisen.  Drilling 
apparatus.     11  2.  Id. 

(C.)  48/10.  William  Philip.  Improvements  iu 
safety  devices  for  hoisting  apparatus.     11.2. 10. 

(P.)  49/10.  Charles  McGregor.  Improvements 
in  means  tor  igniting  the  fuses  or  the  like  of  explosive 
charges  in  blasting.     12.2.10. 

(P.)  50/10.  Emmanuel  Kohlmeyer  (1),  Wilhelmus 
Hendrikus  Visser.  Improvements  in  apparatus  for 
concentrating  pulp.     12.2.10. 

(P.)  51/10  M.  S.  Beaton  (1),  J.  Eason  (2),  J.  H. 
Wilson  (3).  Improvements  in  automatic  lubricating 
apparatus.     16.2.10. 

(C.)  52/10.  H.  Stephen.  Improvements  in  con- 
duits for  granulai  matter.     18.2.10. 

(C.)  53/10.  R.  Macpherson  (1),  W.  E.  Heys  (2). 
Improvements  in  the  manufacture  of  soaps.  18.2.10. 
(C.)  54/10.  H.  H.  Benn  (1),  P.  A.  Ransom  (2),  G. 
F.  Buck  (3),  The  Unbreakable  Pulley  &  Mill  Gearing 
Co.,  Ltd.  (4).  Improvements  in  connection  with 
friction  clutches      is  2. 10. 

(P.)  56/10.  F.  Kautenback.  The  mono-rail  car. 
18.2.10. 

(C.)  57/10.  C.  C.  Hansen.  Improvements  in 
mountings  for  drills.     18.2.10. 

(C.)  58/10.  C.  C.  Hansen.  Improvements  in 
mining  machine  mountings.      18.2.10. 

(P.)  60/10.  J.  R.  Thurlow.  Improvements  in  or 
relating  to  appaiatus  for  classifying  crushed  ore 
products.     21.2.10. 

■(C)  61/10.  J.  Cornell.  A  combined  cock  and 
lubricator.     21.2.10. 

(P.)  62/10.  J.  Holman.  Improvements  in  means 
for  allaying  the  dust  or  collecting  the  detritus  in  rock 
drilling.     21.2.10. 

(P.)  63  10.  H.  C.  Behr.  Improvements  in  mine 
ventilation.     21.2.10. 

(P.)  64/10.  H.  C.  Behr.  Improvements  in  means 
for  sub-dividing  streams  of  pulp.     21.2.10. 

(C.)  65/10.  .1.  N.  Cook.  A  combined  pipe 
attachment.     21.2.10. 

(C.)  67/10.  H.  Donner.  Improved  process  and 
apparatus  for  obtaining  an  increase  in  the  pressure  of 
a  liquid.     22.2.10. 

(P.)     68/10.     J.  Nicholls.     Toxic  torch.     22.2.10. 
(P.)     69/10.     C.  F.  E:  O.  Schmitt.     Improvements 
in  tulie  millfeeding  means,  also  applicable  in  part  to 
spiral  pumps.     24  2.10. 


(P.)  70/10.  T.  M.  Smith.  Improvements  in 
means  for  obtaining  better  combustion  of  the  fuel  in 
the  furnaces  of  steam  generators  and  the  like. 
25.2.10. 

(P.)  71/10.  E.  J.  Way  (1).  A.  J.  Arbuckle  (2). 
Improvements  in  apparatus  for  the  treatment  of 
crushed  ore  products.     25.2.10. 

(C. )  72/10.  A.  M.  Robeson.  An  improved 
method  of  refrigeration.     25.2.10. 

(P.)  73/10.  W.  O.  Purves.  Automatic  coupling 
for  buffers.     26.2.10. 

(P.)  74/10.  F.  V.  YV.  Swanton.  Improved  ap- 
paratus to  produce  power  by  weighted  epicycles 
acting  in  a  certain  epicyloidal  manner.     28.2.10. 


Changes  of  Addresses. 

Members  and  Associates  are  requested  to  notify  the 
Secretary  immediately  of  any  change  in  address, 
otherwise  it  is  impossible  to  guarantee  the  delivery  oj 
Journals  or  Notices.  The  Secretary  should  be  notified 
of n  on  -receipt  of  Journals  and  Notices  at  oner. 

Adams,  E.  L.,   l/o  Rhodesia  ;  Village   Deep,    Ltd., 
P.O.  Box  1064,  Johannesburg. 

Adlek,  H.  W.,  //(/Cleveland  ;  Rose  Deep  Ltd.,  P.O. 
Box  6,  Germiston. 

Brown,  J.,  l/o  Luipaardsvlei  ;  P.O.  Box  172,  Fords- 
bur  i;. 

Chappee,  A.  J.,  l/o  Cobar,  N.S.W.;  Oriental  St., 
Stawell  Victoria,  Australia. 

COMKIE,  A.,  l/o  Essexvale  :  Susanna  Mine,  Gwanda, 
Rhodesia. 

Evans,  Lewis,  l/o  Johannesburg  ;  G«elo,  Rhodesia. 

JaMKSON,  C.  G.,  l/o  Cleveland;  P.  O.  Box  272, 
Salisbury,  Rhodesia. 

Johnson,  Tom,  toY.  O.  Box  2986,  Johannesburg. 

Johnston,  \V.  II.,  l/o  Doornfontein,  Geldennuis 
Deep,  Ltd.,  P.  O.  Box  54,  Cleveland. 

Jupp,  H.  L.,  l/o  Luipaardsvlei ;   Boksburg. 

Linton,  Robt.,  l/o  Los  Angeles  ;  Sierra  Mining  Co.. 
S.A.,  Ocampo,  Chih.,  Mexico. 

MACAULAY,  M.,  l/o  Barberton  ;  Battlefields  Mine, 
Rhodesia. 

Mackenzie,  A.  C,  l/o  Germiston  ;  P.  O.  Box  1597, 
Johannesburg. 

Mather,  T.  W.,  l/o  Fordsburg  ;  Gold  Coast  Amal- 
gamated Mines,  Ltd.,  Tarkwa,  West  Africa. 

Matthews,  E.  L.,  l\o  Denver;  Warren  Hill  Syndi- 
cate, Klerksdorp. 

PAM,  E.,  to  Village  Deep,  Ltd.,  P.  O.  Box  1145, 
Johannesburg. 

REECE,  F.  I!.,  l/o  Magollon,  New  Mex  ;  Blaisdell 
Coscotitlan  Syndicate,  Apartado  92,  Pachuca 
Hid.,  Mexico. 

Rhodes.  C.E.,  l/o  Guanajuata  ;  El  Oro  Mining  and 
Railway  Co.,  Ltd.,  Aparado  30,  El  Oro,  Estado 
de  Mexico,  Mexico. 

SIMPSON,  F.  L.,  l/o  Johannesburg:  Busbtick  Mine, 
per  private  bag,  Bulawayo. 

SOUTHWELL,  B..  l/o  Krugersdorp  ;  Knights  Central. 
Ltd.,  P.  ().  Box  91,  Germiston. 

STOCKETT,  A.  W.,  tf  Simmer  and  Jack  Proprie- 
tary Mines,  Ltd.,  P.O.  Box  192,  Oermiston. 

STRANGE,  E.  H.,  l/o  Canada;  3931  Temple  St., 
Calumet,  Midi.  I'.S.A. 

Tekry,  ('.  W.,  l/o  Gadzema  ;  Sham va  Mine,  private 
bag,  Abercorn,  Rhodesia. 

THORPK,    W.    E.    l/o    East   Rand:   Princess  Estate 
and  G.M,  Co..  Ltd.,  P.O.  Box  112.  Roodepoort. 
WOMBLE,  L.  A.,  /  o  Boksburg;  Princess  Estate  and 
CM.  Co.,  Ltd..  P.  O.  Box  112.  Roodepoort. 
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Proceeding's 

AT 

Ordinary  General  Meeting1, 
March   19,  1910. 


The  Ordinary  General  Meeting  of  the  Society 
was  held  in  the  Lecture  Theatre  of  the  Trans- 
vaal University  College,  on  Saturday  evening, 
March  19th,  Mr.  A.  Mc  Arthur  Johnston 
(President)  in  the  chair.  There  were  also 
present :  — 

44  Members  :  Dr.  J.  Moir,  Messrs.  W.  II. 
Dowling,  F.  F.  Alexander,  K.  L.  Graham,  J.  E. 
Thomas,  H.  A.  White,  Prof.  J.  A.  Wilkinson, 
A.  F.  Crosse,  W.  A.  Caldecott,  P.  Allen,  A.  J. 
Bovvness,  W.  Broom,  P.  Carter,  F.  W.  Cindel, 
F.  C.  Ford,  J.  Gaze,  J.  Gray,  C.  E.  Hall,  J.  H. 
Johnson,  T.  Johnson,  T.  W.  Jordan,  G.  A. 
Lawson,  J.  Lea,  F.  G.  Macdonald,  S.  Morison, 
S.  Newton,  E.  A.  Osterloh,  D.  J.  Pepler,  F.  D. 
Phillips,  J.  Pyles,  S.  C.  Quin,  O.  D.  Ross,  H.  A. 
Scarf,  W.  Sharp,  G.  H.  Smith,  A.  L.  Spoor, 
S.  H.  Steels,  C.  T.  Sydenham,  A.  Thomas,  J.  M. 
Thorburn,  F.  W.  Watson,  F.  Wells  and  L.  .1. 
Wilmoth. 

17  Associates  and  Students:  Messrs.  C.  V. 
Bayly,  C.  J.  Crocker,  J.  Cronin,  W.  .1.  II. 
Hunter,  A.  King,  A.  Olsen,  A.  Plinke,  F.  J. 
Pooler,  H.  B.  Powter,  J.  M.  Robinson,  M.  Schaap, 
A.  M.  Thomas,  W.  E.  Thorpe,  H.  Ward,  \Y. 
Westwood,  and  E.  J.  Wiseman. 

12  Visitors,  and  Fred.  Rowland,  Secretary. 

The  minutes  of  the  previous  monthly  meeting, 
as  printed  in  the  February  Jbu/rnal,  were  con- 
firmed. 

NEW    MEMBERS. 

Messrs.  H.  A.  White  and  Prof.  J.  A.  Wilkinson 
were  appointed  scrutineers,  and  after  their 
scrutiny  of  the  ballot  papers,  the  President 
announced  that  all  the  candidates  for  member- 
ship had  been  unanimously  elected,  as  follows  : — 

Lloyd,  James  John,  <•/<>  British  Consular  Agent, 
Diego  Suarez,  Madagascar.  Assayer  and  Amal- 
gamator, 


McPhee,  James,   Vereeniging  Estates,  Ltd.,   Ver- 

eeniging.     General  Manager. 
Mills,  Joseph  Amos,  City  Deep,  Ltd.,  P.  O.  Box 

1411,  Johannesburg.     Mechanical  Engineer. 
Nichols,  Horace  G.,  M.Inst.M.M.,  'Downside,-' 

Ashtead,  Surrey,  England.     Mining  Engineer. 
Pollard,    Benjamin     Edward,     Witwatersrand 

G.  M.  Co.,  Ltd.,  P.  O.  Box  1,  Knights.  Assayer. 
Spence,  Arthur  Godfrey  Benham,   New   West 

Bonanza,   Ltd.,   P.     O.    Box    137,    Klerksdorp. 

Surveyor  and  Assayer. 

The  Secretary  :  Since  the  last  meeting  of 
the  Society  the  following  have  been  admitted  by 
the  Council : — 

As  Associates. — 

Brookes,  William  Horace,  Bant  jes  Consolidated 
Mines,  Ltd.,  P.  O.  Box  2,  Florida.     Assayer. 

Dvason,  Edward  Clarence,  M.Aus.I.M.E.,  60, 
^ueen  Street,  Melbourne,  Australia.  Mining 
Engineer. 

Holden,  William  Clifford,  A.Inst.M.M.,  Cin- 
derella Deep,  Ltd.,  P.  0.  Box  75,  Boksburg. 

Simpson,  John'  Robert,  Roodepoort  United  Main 
Reef  G.  M.  Co.,  Ltd.,  P.  6.  Box  115,  Roode- 
poort.    Cyanider. 

Smith,  Thomas  FRANCIS,  Crown  Mines,  Ltd.,  I'.  I  >. 
Box  158,  Fordsburg.     Cyanider. 

Waterhouse,  Lionel  Lawry,  U.K. (Sydney),  Mt. 
Conqueror  Gold  and  Arsenic  Recovery  Co., 
Ltd.,  Peel,  via  Bathurst,  New  South  Wales. 
Metallurgist. 

As  Students. — 

Ninow,  Wilhelm,  Simmer  Deep,  Ltd.,  P.O.  Box 
L78,  Gerniiston.     Tube-mill  Learner. 

Parnell,  Frederick  Leopold,  French  Lobs  Mines, 
Ltd.,  Louw's  Creek,  Barberton.  Mining  Assist- 
ant. 

Sen  \  \r.  Maurice,  Jumpers  <;.  M.  Co.,  Ltd.,  1'.  <>. 
Box  2631,  Johannesburg.     Cyanide  Learner. 

Taylor,  Norman  Sargant,  French  Bobs  Mines, 
Ltd.,  Louw's  Creek,  Barberton.  Mining  Assist- 
ant. 

Thorlund,  Johannes,  Transvaal  University  Col- 
lege,  P.  <  >.   Box   M7(i,   Johannesburg.     Mining 

Student. 

(  iKM'.i;  \l.    BUSEN  i  38. 

Mr.  A.  F.  Crosse  {Past-President)  :  There  is. 
a  rather  important  matter  which  bus  been  bef  »re 
the  mining  public  for  a  gO<  d  man)  months  now, 
which  ought  primarily  to  interest  this  Society 
and  that  is  the  question  of  returning  sands  to  the 
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mines.  I  do  not  want  to  express  any  opinion  on 
it  this  evening,  but  the  question  ought  to  be 
carefully  thought  out  and  be  considered  by  a 
special  sub-committee.  We  all  know  that  the 
sands,  though  we  may  remove  as  much  cyanide 
as  possible,  still  contain  a  certain  amount  of 
cyanide.  Now  the  addition  of  lime  has  no 
permanent  effect  in  retaining  that  cyanide. 
I  have  no  opinion  on  the  subject  what- 
ever, but  it  is  a  very  important  matter.  Some 
of  you  have,  no  doubt,  collected  butterflies, 
and  may  remember  a  quick  way  of  killing  them 
without  injuring  the  specimen.  A  wide-mouthed 
glass-stoppered  bottle  is  taken,  into  which  a 
mixture  of  plaster  of  Paris  and  water  is  poured 
until  it  covers  the  bottom  for  an  inch  or  so. 
After  the  plaster  has  set,  a  little  solution  of 
cyanide  of  potassium  is  poured  in  :  the  plaster  of 
Paris,  which  is  sulphate  of  calcium,  a  neutral 
salt,  decomposes  the  cyanide  of  potassium  so  that 
the  air  in  the  bottle  contains  for  a  long  time  a 
certain  amount  of  hydrocyanic  acid.  If  there  is 
any  cyanide  left  in  the  tailings  which  it  is  proposed 
to  return  underground,  this  might  possibly  be 
decomposed  slowly  in  the  mine  with  the  con- 
sequent liberation  of  hydrocyanic  acid.  It  would 
be  expensive  to  instal  plants  for  dealing  with 
the  sands  on  the  various  mines,  and  afterwards 
find  out  that  their  use  could  not  be  continued.  I 
think  the  Society  should  pay  some  attention  to 
it  and  ascertain  whether  these  sands  would 
evolve  hydrocyanic  acid. 

The  President :  I  am  sure  we  are  indebted 
to  Mr.  Crosse  for  introducing  this  matter,  but  at 
the  same  time  to  take  any  action  at  the  present 
time  is  perhaps  a  little  beyond  the  scope  of  the 
Society.  It  will  be  brought  up  before  the  next 
Council  meeting,  and  should  the  Council  decide 
that  anything  should  be  done,  the  matter  will  be 
gone  into.  Should  any  gentleman  care  to  write 
a  paper  on  the  subject,  it  would  probably  be  well 
discussed,  and  it  would  then  be  brought  forward 
in  a  public  manner.  We  thank  Mr.  Crosse  for 
bringing  the  matter  before  us. 

DECENNIAL  INDEX  TO  THE  SOCIETY'S  PROCEEDINGS, 

The  President :  Under  General  Business  I 
would  like  to  draw  attention  to  paragraph  7  of 
the  Agenda.  Some  of  the  members  of  the 
Council  thought  it  would  be  advisable  that  at 
this  time  an  index  should  be  prepared  which 
should  be  applicable  to  all  the  volumes  that 
have  been  published  by  the  Society.  A  sub- 
committee of  the  Council  went  into  the  matter 
and  found  that  it  would  require  about  £400 
guaranteed  before  anything  could  be  done,  and 
the  committee  does  not  recommend  the  Council 
to  take  any  action  unless  this  guarantee  is  forth- 


coming. Therefore  the  Council  would  like  all 
those,  who  would  care  to  have  the  index,  to  send  in 
their  names  and  subscriptions,  so  that  it  might 
decide  whether  any  action  shall  be  taken  in  the 
matter. 

BULLION    AND    ASSAY    VALUES. 

The  President :  On  the  same  page  of  the 
Agenda  we  have  a  paragraph  relating  to  bullion 
and  assay  values.  The  Council  of  the  Institution 
of  Mining  and  Metallurgy  has  issued  circulars 
asking  that  those  who  have  any  opinions  on  the 
matters  set  forth  here,  should  place  those 
opinions  before  them.  This  Society  has  received 
a  copy  of  the  circular  and  it  has  been  considered 
advisable  to  give  the  members  an  opportunity  of 
stating  their  views.  It  seems  to  me  that  to-night 
a  few  minutes  can  be  devoted  to  discussing  some 
of  the  items  tabulated.  The  first  of  these  says  : 
"Assay  reports  shall  state  the  exact  condition  of 
the  sample  as  to  dryness  when  assayed."  So  far 
as  I  know  in  these  parts  there  are  no  report  forms 
which  state  definitely  how  the  sample  is  treated 
after  entering  the  assay  office,  and  I  think  it  is 
usually  taken  for  granted  that  the  sample  is 
assayed  as  received.  The  Institute  of  Mining 
and  Metallurgy  want  us  to  give  an  opinion.  If 
any  gentleman  would  care  to  speak  on  the  matter 
we  should  be  pleased  to  hear  him.  The  circular 
reads  as  follows  : — 

THE  INSTITUTION   OF   MINING  AND  METALLURGY. 
STANDARDISATION. 

Copy  of  the  Report  of  Sectional  Committee  "B" 
—Bullion  and  Assay  values,  as  submitted  to  the 
Council,  December  15th,  1909.  (Note.— Before 
finally  adopting  the  recommendations  of  the 
Committee,  the  Council  will  be  glad  to  consider 
any  suggested  alterations  or'  additions,  which 
should  be  received  by  the  Secretary  not  later 
than  June  30th,  1910.) 

BULLION   AND  ASSAY  VALUES. 

The  Committee  for  the  Standardisation  of  Bullion 
and  Assay  Values  was  formed  for  the  purpose  of 
recommending  rules  which  shall,  as  far  as  possible, 
be  followed  by  assayers,  metallurgists  and  mining 
men,  in  reporting  the  results  of  assays  and  of  metal- 
lurgical, dressing  and  other  tests  of  which  assays 
form  an  essential  part,  so  that  ambiguity  shall  be 
avoided  and  the  possibility  of  misinterpretation  or 
misuse  of  reports  shall  be  minimised. 

Reports  of  assay  results,  extraction  tests,  metal- 
lurgical and  ore-dressing  trials,  etc.,  are  sometimes 
so  worded  as  to  permit  a  wrong  interpretation,  and 
the  Committee  urges  the  necessity  for  definite  state- 
ments as  to  the  nature  and  condition  of  the  sample 
as  assayed,  and,  where  advisable,  an  indication  of 
the  method  of  assay.  Thus,  in  the  case  of  such 
metals  as  copper,  tin,  lead,  antimony,  etc.,  where 
both  "  wet"  and  "  dry  "  methods  of  assay  are  in  use, 
results  should  be  reported  as  obtained  by  "fire" 
assay  or  by  "wet"  assay,  with  further  details  as  to 
method,  if  judged  advisable.  Similarly,  it  should  be 
stated  whether  the  sample  was  assayed  in  the  condi- 
tion in  which  it  was  received  or  "air-dried"  or  dried 
at  — °. 


March  1910 


General  Business. 


311 


In  reporting  that  any  assay  for  such  a  constituent 
as  tin,  arsenic,  tungstic  acid,  etc.,  corresponds  to  so 
much  "  black  tin,"  "  white  arsenic,"  "  wolfram  "  or 
other  recognised  saleable  product,  the  report  should 
give  the  result  for  such  constituent,  together  with  a 
definite  statement  as  to  the  figures  used  in  calculat- 
ing such  saleable  product.  Thus,  an  assay  showing 
1%  of  metallic  tin  might  he  reported  as  1%  of  metallic 
tin.  equivalent,  if  all  could  he  extracted  as  such,  to 
1-5%  of  "  black-tin  "  containing  <i(i'(j%  (or  two-thirds) 
of  its  weight  of  metallic  tin.  Similarly,  in  reporting 
results,  where  assay  values  might  be  mistaken  as 
representing  available  produce,  it  should  be  stated 
that  such  are  merely  "gross"  assay  values,  a  state- 
ment or  estimate  of  the  actual  "commercial  "  values 
being  added  whenever  possible. 

In  such  matters  as  ore-dressing,  ore-treating  pro- 
cesses, furnace  work,  etc.,  where  so  much  depends 
on  the  way  in  which  results  are  reported,  on  the 
nature  of  the  sample  and  on  the  method  of  taking  it 
iind  its  relation  to  other  samples,  the  Committee 
emphasises  the  necessity  for  careful  phraseology  and 
for  the  inclusion  of  exact  data,  as  also  the  neces- 
sity for  care  in  preparing,  describing,  labelling, 
sealing  and  otherwise  ensuring  the  correctness  and 
authenticity  of  samples  submitted  for  tests  or  assays. 

The  Bullion  and  Assay  Values  Committee  submit 
the  following  recommendations  for  adoption  by  the 
Institution  : — 

(1)  Assay  reports  shall  state  the  exact  condition  of 
the  sample  as  to  dryness  when  assayed. 

(2)  Assay  values  of  gold  and  silver  ores  and  pro- 
ducts shall  be  represented  in  pennyweights  and 
decimals  or  in  ounces  and  decimals,  and  not  in 
oz. ,  dwts.  and  grains.  They  shall  he  expressed 
in  terms  of  fine  gold  and  fine  silver  respectively, 
not  as  "  bullion." 

(3)  Assay  values  of  alluvials  shall  be  reported  in 
grains  and  decimals  of  a  grain  of  "  fine"  gold,  or 
in  pence  (at  2d.  per  grain  of  "Hue"  gold)  or 
cents  per  cubic  yard. 

It  is  recommended  that  in  the  absence  of 
specific  information,  one  cubic  yard  of  ordinary 
alluvial,  excluding  boulders,  be  taken  is  equiva- 
lent to  3,000  lb.  (H  short  tons). 

(4)  In  reporting  assay  values  of  cyanide  and  other 
solutions,  the  results  shall  be  given  in  parts  by 
weight  in  a  stated  volume  of  the  solution.  (In 
the  case  of  cyanide  solutions,  the  use  of  the 
"  fluid  ton  of  32  cubic  feet  "  is  recommended.  It 
closely  approximates  to  2,000  lb.  and  is  in  com- 
mon use.) 

(5)  When  it  is  necessary  to  state  or  estimate  the 
money  value  of  an  ore,  etc.  (other  than  of  gold), 
it  shall  be  accompanied  by  the  assay  value,  and 
tlic  basis  on  which  the  former  has  been  calcu- 
lated from  the  latter  shall  he  stated. 

(6)  Laboratory  sieving  tests  shall  be  made  with 
the  I.M.M.  Standard  sieves,  or,  when  other 
sieves  are  used,  the  widths  of  the  apertures  shall 
be  stated. 

Mr.  A.  F.  Crosse  (Past-President)  :  If  we 
dry  slime  at  the  temperature  of  boiling  water  a 
certain  result  i.s  obtained.  If  we  dry  it  at  200°  C. 
it  makes  a  considerable  difference.  I  have  had 
slimes  assaying  7  and  8  dwt.  of  gold  per  ton,  ami 
a  difference  of  10%  of  moisture  would  be  im- 
portant. 


The  President  :  That  was  a  point  I  was 
also  considering.  I  do  not  know  whether  it  has 
come  under  your  notice,  but  I  have  occasionally 
received  samples  extremely  wet  and  in  a  very 
fine  state  of  division  which  have  been  taken  from 
some  old  drive  where  the  rock  has  been  almost 
weathered  away.  In  a  case  like  that  I  should 
say  it  ought  to  be  stated  whether  the  sample  was 
assayed  after  being  air  dried,  or  otherwise. 

Prof.  J.  A.  Wilkinson  {Member  of  Council) : 
I  understand  that  the  recommendations  are  to  be 
made  regarding  samples  received  from  all  parts 
of  the  world.  In  our  case  we  must  therefore 
remember,  that  the  air  here  is  much  dryer  than 
in  most  other  places,  and  in  specifying  for  condi- 
tions of  dryness  I  think  it  would  be  best  to  state 
that  any  given  sample  or  samples  should  be 
dried  for  a  given  period  of  time  at  a  definite 
temperature.  The  case  of  coal  naturally  occurs  to 
one,  where  serious  discrepancies  and  discordant 
results  have  been  obtained,  owing  to  the  fact 
that  different  temperatures  for  drying  and  deter- 
mination of  the  volatile  matter  have  been  used 
by  different  chemists. 

Mr.  A.  F.  Crosse:  That  reminds  me  of  an 
interesting  case  which  occured  to  me  about  14 
years  ago.  A  Past-President  of  our  Society 
analysed  some  coal,  and  a  similar  sample  was 
also  sent  to  me  for  analysis.  The  results  were 
very  different  as  regards  the  volatile  matter.  He 
dried  the  coal  at  the  ordinary  temperature  of 
boiling  water.  I  dried  it  at  a  higher  tempera- 
ture. I  found  about  15%  moisture,  and  he 
reported  about  4%.  He  thought  my  result 
impossible  but  I  proved  its  correctness  to  him. 
The  coal  was  somewhat  exceptional,  but  it  shows 
what  an  enormous  difference  it  may  make 
whether  coal  is  analysed  when  dried  at  100°  C. 
or  when  dried  at  115°  C.  In  the  case  I  quote  it 
made  a  difference  of  about  1 1  %  in  moisture. 

The  President :  These  remarks  about  coal, 
though  interesting,  are  scarcely  to  the  point.  What 
we  are  asking  is  with  regard  to  assay  reports  of 
gold.  Will  Prof.  Wilkinson  make  a  proposition 
that  we  should  definitely  state  the  temperature 
at  which  samples  have  been  dried  ? 

Prof.  J.  A.  Wilkinson  :  Yes,  as  I  think 
uniformity  in  procedure  so  as  to  get  definitely 
comparable  results  is  an  eminently  desirable 
object.  Concerning  the  behavourof  slimes  when 
drying  I  have  only  a  little  experience,  but  judging 
from  their  chemical  composition,  I  see  no  reason 
to  place  them  in  a  different  category. 

Mr.   H.  A.  White  (Member  of  Council) :     I 

should  like  to  point  out  that  a  fixed  temperature 
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will  not  give  the  same  results  everywhere.  If 
the  boiling  point  of,  say,  toluene  is  prescribed  at 
the  place  of  assay,  more  consistent  results  can  be 
expected. 

The  President :  The  next  paragraph  is  in 
general  acceptation  here  and  we  should  agree 
with  it,  and  I  take  it  that  the  following  paragraph 
with  regard  to  assay  values  of  alluvials  should  be 
adopted  also.  With  reference  to  paragraph  4 
dealing  with  assay  values  of  cyanide  and  other 
solutions,  this  brings  up  the  question  Mr.  Wilmoth 
raised  in  his  paper  with  regard  to  acid  washes. 
I  should  like  to  know  whether  any  gentlemen 
has  anything  to  say  with  regard  to  the  treatment 
of  acid  washes,  that  is  whether  we  should  report 
such  samples  by  volume  or  by  weight. 

Mr.  H.  A.  White:  There  is  one  point  in 
paragraph  4  "in  parts  by  weight."  That  would 
mean  percentages,  whereas  the  usual  practice  is 
to  report  in  dwts.  and  decimals  per  fluid  ton.  In 
the  case  of  cyanide  solutions  the  man  who  is 
responsible  for  handling  the  solution  has,  as  a 
rule,  no  means  of  weighing  it,  and  can  only 
measure  it.  This  would  certainly  be  more  con- 
venient for  him,  and  save  a  great  deal  of  calcula- 
tion if  the  results  were  reported  in  "  fluid  tons  of 
32  cubic  feet." 

Mr.  F.  W.  Watson  (Member)  :  I  think  assay 
values  ought  to  be  uniform,  and  reported  by 
weight.  I  do  not  see  that  there  need  be  much 
trouble  in  cyanide  plants  on  this  score. 

Mr.  H.  A.  White  :  There  are  other  fluids  to 
be  assayed  besides  gold  bearing  solution,  as  for 
example,  alcohol,  which  is  frecpiently  reported  in 
volumes  per  cent.,  and  if  it  is  more  convenient  to 
give  results  with  reference  to  volume  I  think  this 
should  certainly  be  considered. 

Prof.  J.  A.  Wilkinson  (Member  of  Council)  : 
I  am  of  the  opinion  that  we  should  exercise  a 
certain  degree  of  care,since  you  will  notice  that  both 
cyanide  solutions  "and  others"  are  mentioned. 
Here,  on  the  Rand,  we  are  concerned,  practically 
speaking,  with  no  solutions  other  than  cyanide. 
The  specific  gravity  of  these  approximates  almost 
exactly  to  that  of  ordinary  water.  In  other 
metallurgical  industries  this  would  not  necessarily 
be  the  case. 

The  President  :  You  have  heard  the 
opinions  expressed,  and  these  will  now  be  at  the 
disposal  of  the  sub-committee  of  the  Institution  of 
Mining  and  Metallurgy.  The  next  paragraph  does 
not  interest  us  very  much,  and  there  is  nothing 
of  moment  in  the  last  paragraph. 


THE  ASSAY  OF  TIN  ORES. 


By  Jas.   Gray,   F.I.C,   (Member). 


The  increasing  importance  of  the  tin  industry 
in  the  Transvaal  has  made  the  necessity  for  a 
quick  and,  at  the  same  time,  accurate  method  of 
analysing  tin  ores  a  matter  of  considerable  im- 
portance. 

The  examination  of  tin  ores  may  be  considered 
under  two  headings,  viz.,  the  dry  assay  and  the 
wet  analysis,  and  I  will  first  deal  briefly  with  the 
former,  which  has  been  the  method  chiefly  used 
in  the  past  but  which,  under  the  best  circum- 
stances, cannot  be  considered  to  give  any  more 
than  a  rough  guide  to  the  tin  contents  of  an  ore. 

The  Dry  Assay. — When  the  tin  contents  of  an 
ore  are  low  it  is  necessary  to  concentrate  its 
value  by  vanning  or  some  equivalent  process,  and 
this  procedure  opens  the  way  to  serious  error. 
Pearce  (J.S.C.J.,  1904,  Abs.,  p.  273)  found  the 
losses  on  vanning  an  artificial  sample  to  be 
21  "553%,  this  figure  being  the  average  loss 
obtained  by  three  experienced  vanners.  Hancock 
(this  Journal,  Yol.  viii.,  Abs.,  p.  155),  however, 
gives  the  loss  on  artificial  samples  at  4  -  5 "65%, 
and  on  natural  samples  from  6-9T%.  It  is 
obvious,  therefore,  that  a  serious  error  results 
whenever  vanning  or  similar  operations  are  per- 
formed. The  next  procedure  is  to  clean  the 
above  concentrate  by  boiling  with  acids.  This 
operation  is  condemned  by,  among  others, 
Collins  (Trans.  Inst.  Min.  and  Met.,  May,  1904), 
who  states  that  cassiterite  is  not  altogether  in- 
soluble under  such  treatment.  The  concentrate 
is  then  dried,  and  a  portion  or  all  is  fluxed  and 
the  mass  fused  in  the  assay  furnace.  Many 
fluxes  have  been  suggested,  but  potassium 
cyanide  is  mostly  favoured.  When  cyanide  is 
used  the  mass  is  fused  at  a  low  red  heat  for 
about  15  minutes  when  the  crucible  is  removed 
from  the  furnace,  tapped  to  collect  the  tin  at  the 
bottom  and  allowed  to  cool.  It  is  then  broken 
and  the  metallic  tin  separated  from  the  slag  and 
weighed. 

Those  interested  in  the  dry  assay  of  tin  will 
find  a  very  interesting  paper  on  the  subject  by 
Hoffmann  in  the  Chemical  News,  Vol.  62,  and 
further  work  on  the  same  subject  by  Rennie  & 
Derrick,  in  the  Proceedings  of  the  Society  of 
Chemical  Industry  for  1892,  pp.  662-7. 

Fulton  :  "A  Manual  of  Fire  Assaying,"  p.  155, 
gives  six  reasons  for  inaccuracies  in  the  fire  assay 
of  tin.      The  reasons  are  : 

"  1.  Some  of  the  tin,  reduced  in  the  assay 
from  the  oxide,  is  apt  to  be  volatilised  at 
the  temperatures  necessarily  employed. 
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2.  Metallic  tin  may  be  slagged  bv  alkaline 
carbonates,  used  in  some  of  the  methods  of 
assay,  forming  stannates. 

3.  Foreign  metals  present  in  the  ore  are  apt  to 
be  reduced  and  enter  the  button 

I.   Sulphides   present   carry  tin    into  the  slag. 
If  sulphates  are  present  tiny  are  reduced  to 
sulphides. 
5.   Silica  and   silicates,  always    present   in   the 
ore,   even   after   very  careful    concentration, 
carry  tin  into  the  slag  as  silicate,  while  the 
Sn().,    passes*    through    the  lower  state    of 
oxidation  in  being  reduced  to  metallic  tin. 
G.   The   cassiterite  before   reduction   is  apt  to 
combine   with  basic   fluxes   present    in    the 
assay,    and    be    carried    into    the    slag    as 
stannates." 
It    is    obvious    from    the    above    that    serious 
objections  can  be  raised  to   every  single   step  in 
the  procedure  adopted  for  the  dry  assay  of  tin 
in    ores    and,    even    fhould   the    result    obtained 
happen  to  be  correct,  it  is  due  to  a   balancing  of 
errors. 

The  Wet  Analysis. — The  chief  difficulty  in 
carrying  out  an  analysis  by  the  wet  method  is  in 
effecting  solution  of  the  cassiterite.  On  reference 
to  the  literature  available  on  the  subject,  I  find 
that  eight  more  or  less  distinct  methods  have 
been  suggested.     These  are  : — 

1.  Passage  of  a  current  of  hydrogen  over  the 
finely  powdered  ore  heated  to  redness,  by 
which  means  the  cassiterite  is  reduced  to 
metallic  tin,  whereafter  its  solution  is  effected 
in  hydrochloric  acid. 

2.  Heating  the  finely  powdered  ore  with  zinc 
dust  in  a  porcelain  crucible  and  extraction 
of  the  reduced  tin  with  hydrochloric  acid. 

.'5.  Treating  a  mixture  of  the  finely  powdered 
ore  and  zinc  dust  with  dilute  hydrochloric 
acid. 

4.  Heating  the  finely  powdered  ore  with 
sodium  carbonate  and  sulphur,  extraction 
with  water  and  precipitation  of  tin  sulphide 
after  with  acid  (method  originally  due  to 
Rose). 

5.  Fusion  of  the  ore  with  potassium  cyanide, 
extraction  of  soluble  portion  with  water  and 
solution  of  residue  with  hydrochloric  acid. 

6.  Fusion  with  caustic  alkalies  and  acidifying 
the  dissolved  melt  with  hydrochloric  acid. 

7.  Fusion  with  sodium  peroxide,  extraction 
with  water  and  solution  in  hydrochloric  acid. 

8.  Ballet's  method:  fusion  of  the  ore  with 
KIIFJ,  extraction  with  sulphuric  acid  and 
precipitation  as  metastannic  acid  by  dilution 
and  boiling. 


/.'•.,  during 
Ed.  Comm. 


the  time  1 1 1;> t  iIm  i in  i- in  i in- abannoud i  o 


A  modification  of  method  1  has  been  proposed 
by  Muller  (Chemiral  N<-ws„  Vol.  ef>,  1902, 
p.  1  17),  who  determines  the  loss  of  oxygen  on 
passing  hydrogen  over  the  cleaned  ore. 

Fusion  with  metallic  -odium  has  also  been 
suggested  as  a  satisfactory  method  of  effecting 
solution.  'Anon.,  this  Journal,  Vol.  iii.,  A.bs., 
p.  451). 

1  have  experimented  with  nearly  all  the  above 
methods,  and  my  conclusions  regarding  them  are 
as  follows  : — 

1.  The  uncertainty  which  exists  as  to  whether 
all  the  oxide  has  been  reduced  to  metallic 
tin  necessitates  a  retreat  inent  of  the  residue 
in  a  current  of  hydrogen  or  a  fusion  with 
fusion  mixture  and  borax,  thus  increasing 
the  time  necessary  for  the  estimation.  Parry 
states  this  method  to  be  the  most  satisfac- 
tory but,  in  my  opinion,  the  fusion  or 
reduction  of  the  residue  which  is  necessary 
is  a  serious  factor  against  it  adoption. 

"_'.  Very  satisfactory  results  were  obtained  by 
this  method,  and  it  is  also  very  cpuick. 

3.  This  method  cannot  be  considered  seriously 
as  some  varieties  of  cassiterite  are  under 
these  conditions  more  soluble  than  others. 
Collins  in  his  experiments  found  the  per- 
centages of  cassiterite  soluble  to  vary  from 
0'6  -  96'2%,  depending  on  the  source  of  the 
cassiterite.  Hancock  states  that  he  found 
reduction  to  be  assisted  by  allowing  the 
hydrogen  to  accumulate  under  pressure,  and 
suggests  experiments  along  this  line. 

4.  A  refusion  of  the  residue  is  also  necessary 
in  this  case,  and  the  method  is  likewise 
tedious  and  dirty. 

5.  The  loss  of  tin  as  alkali  stannate  owing  to 
the  presence  of  alkalies  in  the  cyanide  is  one 
objection  in  this  case,  and  results  obtained 
cannot  by  any  means  be  considered  satis- 
factory. 

6.  This  method  is  very  satisfactory,  and  my 
only  objections  are,  the  tendency  of  alkalies 
to  froth  over  and  the  time  accessary  for 
solution  of  the  cassiterite— a  period  of  which 
Simpson  (Chemical  News,  Vol.  '.»!>,  p.  243) 
gives  as  45  -  60  minuti 

7.  Of  all  the  methods  tried  this  was  the  most 
Satisfactory,  1"  minutes  being  the  maximum 
time  necessary  to  effect  a  complete  solution 
of  the  ore. 

8.  I  have  not  experimented  with  this  method, 
but  it  does  not  appear  to  show  any  advant- 
ages over  those  previously  mentioned. 

Either  gravimetric  or  volumetric  methods  can 

lie  used  for  estimating  the  tin    when    obtained    in 
solution,  but  there    is    no    doubt    that    the    gravi- 
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metric  method  is  unsatisfactory  owing  to  the 
precautions  which  have  to  be  taken  to  prevent 
any  other  metals  which  may  be  present  from 
scoring  as  tin.  Parry  (this  Journal,  Vol.  X., 
Abs.,  p.  258)  says  "  that  the  Sn02  gravimetric 
assay  is  probably  the  worst  analytical  method  in 
common  use  in  inorganic  analysis." 

There  is  no  doubt  that  volumetric  processes 
are  much  more  reliable  and  accurate,  and  of  the 
many  known  only  the  ferric  chloride  and  iodine 
solution  methods  will  be  discussed.  'Though, 
no  doubt,  satisfactory  in  many  cases,  I  find  the 
ferric  chloride  fails,  to  a  large  extent,  with 
Transvaal  ores  on  account  of  arsenic  being  fre- 
quently present  in  them  and  the  difficulty  of 
removing  it.  I  first  endeavoured  to  obtain 
results  by  treating  the  ore  with  aqua  regia,  and 
although  no  signs  of  arsenic  were  observed  on 
reducing  the  solution  yet  inaccurate  results  were 
obtained  on  titrating.  Parry  ("  Assay  of  Tin  and 
Antimony,"  p.  38)  apparently  found  this  to  be  the 
case  also  with  the  ferric  chloride  titration  as  after 
treating  slags  with  acids,  his  procedure  is  to  pre- 
cipitate the  tin  as  sulphide  and  redissolve  before 
titrating  with  ferric  chloride.  Another  drawback 
to  the  titration  with  ferric  chloride  is  due  to  the 
presence  of  titanium  in  many  of  the  ores  (especi- 
ally those  from  Swazieland),  and  I  find  that 
unless  it  be  removed  prior  to  the  titration  it 
scores  as  tin,  but  it  can  easily  be  removed  by 
evaporating  the  ore  with  hydrofluoric  acid. 
Personally,  I  have  found  the  iodine  titration  to 
be  very  satisfactory,  and  although  it  is  said  that 
the  weak  point  of  the  process  is  the  assumption 
made  that,  after  reduction  with  iron  nails  for  20 
to  30  minutes,  all  the  tin  is  present  as  stannous 
chloride,  yet,  when  consistent  results  are  con- 
stantly obtained,  this  objection  cannot  be  fatal. 

The  influence  of  impurities  on  the  results 
obtained  by  titration  with  iodine  solution  was 
also  determined  with  the  following  results  :  — 

With  Sn02  alone  the  quantity  of  iodine  solu- 
tion used  =  36  c.c. 


Arsenic. 


1-26% 
6-31 
37-87 


Iodine  Solution. 
The 
36*15  c.c. 
36-2 
36*3 


Remarks, 
arsenic    was  precipi- 


tated as  a  dark-brown  or 
black  precipitate  which, 
however,  did  not  obscure 
the  end  point. 

Antimony.  Iodine  Solution. 

119%         36-1  c. 

35-71  363 

Bismuth.  Iodine  Solution. 
7-17%      35-9  c.c.   \The  metal  was  precipitated 

21*31  36'35         /     similarly  to  antimony. 

Molybdenum.   Iodine  Solution. 

11 '1%        36-2  c.c.    \A  chocolate  coloured  preci- 

33*3  36*2  /     pitate  was  formed. 


j.c.   \The  antimony  was  precipi- 
/     tated  in  lumps. 


Tungsten.  Iodine  Solution. 

"|  A  light  blue  coloration  took 
10'4%  36T  c.c.  I  place  which  did  not  inter- 
41  "6  35  9  I      fere  with  the  starch  blue 

reaction. 
Titanium.  Iodine  Solution. 

15%  36*1  c.c.    1  The  starch  blue  colour  was 

approx.  J      quite  discernible. 

It  will  thus  be  seen  that  the  effect  of  the  above 
impurities  was  negligible  even  when  present  in 
considerable  quantities. 

With  regard  to  arsenic,  Ibbotson  and  Brearley 
(Thibault's  Metallurgy  of  Tin),  who  reduce  with 
powdered  antimony  instead  of  iron  found  that 
arsenic  affected  the  iodine  titration,  they  also 
state  that  reduction  with  iron  has  the  same  effect. 
In  view  of  my  results  I  am  unable  to  confirm 
their  statement. 

Low  recommends  reduction  with  metallic 
nickel,  but  I  cannot  see  that  any  advantage  is 
gained  by  its  use.  Parry  (this  Journal,  Vol.  x., 
p.  258)  also  deprecates  its  use,  especially  if  copper 
be  present. 

The  method  I  adopt  in  carrying  out  tin 
analysis  is  as  follows  :  — 

From  0*5  gm.  to  2  gm.  of  the  finely  powdered 
ore  is  fused  with  from  4-6  times  its  weight  of 
sodium  peroxide  in  an  iron  crucible  and,  after 
cooling,  the  melt  is  extracted  with  water.  The 
solution  thus  obtained  is  transferred  to  a  conical 
flask  and  excess  of  HC1  added.  The  solution  is 
then  heated  to  about  90°  C,  reduced  with  iron 
nails  and  the  reduction  continued  for  45-60 
minutes  after  the  solution  has  become  colourless. 
The  flask  and  contents  are  then  rapidly  cooled  in 
a  stream  of  running  water,  a  piece  of  marble 
added  to  the  solution  to  maintain  a  neutral 
atmosphere,  and  when  cold  a  little  starch  paste 
added  and  the  solution  titrated  with  iodine  solu- 
tion, which  has  previously  been  standardised 
against  pure  tin,  until  the  starch  blue  colour 
appears. 

There  is  little  or  nothing  new  in  these  notes, 
but  I  hope  they  will  lead  to  a  vigorous  discussion, 
which  will  result  in  a  standard  method  being 
adopted  for  tin  analysis  in  this  country. 

I  have  to  thank  Mr.  Heymann  for  permission 
to  carry  out  the  necessary  experimental  work  in 
his  laboratories,  and  also  Mr.  Thorburn  for  his 
assistance  during  the  progress  of  the  experiments. 
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Mr.  A.  F.  Crosse  (Past-President)  :  I  should 
like  to  propose  a  hearty  vote  of  thanks  to  Mr. 
Gray  for  his  interesting  paper.  I  may  say  that 
these  analytical  papers  are  always  of  great  value 
to  our  Society. 

The  President  :  "We  are  indebted  to  Mr. 
Gray  for  bringing  forward  these  notes.  They 
are  extremely  interesting,  and  as  he  has  brought 
forward  his  own  results,  they  are  all  the  more 
valuable.  I  hope  they  will  be  the  means  of 
educating  the  general  public  as  to  which  is 
right  and  which  is  wrong  in  tin  assays.  We  all 
know  very  well  the  discrepancies  in  tin  assays 
which  were  reported  some  years  ago.  I  trust  that 
these  methods  will  be  tested  by  analysts  here,  so 
that  we  may  be  guided  in  judging  which  method 
should  be  used  in  assaying  tin  ores. 

The  vote  of  thanks  was  unanimously  agreed  to. 


MINING  AT  THE  REDJANG-LEBONG 
GOLD-SILVER  MINE,  SUMATRA. 

By  H.  Philp  (Member). 


The  Redjang-Lebong  Gold-Silver  mine  is 
situated  in  the  S.W.  part  of  Sumatra,  and  trans- 
port to  the  mine  is  effected  by  means  of  native 
carts  drawn  by  oxen  and  water  buffaloes  from  the 
port  of  Benkoelen,  158  kilometers  distant  from 
the  mine.  Two  ranges  of  hills  are  crossed  en 
route,  the  highest  point  attained  being  926 
metres,  the  elevation  of  the  mine  above  sea  level 
being  400  metres. 

The  mine  was  located  on  information  given  by 
the  "Redjangs"  to  a  coffee  planter;  old  galleries 
were  fairly  extensive  in  the  outcrop  of  the  reef, 
and  extended  to  a  depth  of  10  metres  from 
surface  level.  The  native  miners  appear  to  have 
followed  the  lines  of  least  resistance  and  greatest 
value,  these  two  conditions  frequently  coinciding; 
the  galleries  generally  followed  vughs  in  the 
reef,  or  rich  leaders  which  had  become  kaolinised. 

The  precise  age  of  these  old  workings  is  not 
known,  the  local  Redjangs  expressing  ignorance 
of  their  own  past  history,  but  from  the  number 
of  graves  around  it  is  evident  that  a  fairly  large 
population  formerly  lived  on  the  mine.  Bound 
st<-ne  hammers  were  frequently  come  across  on  the 
surface  and  in  the  old  workings,  also  stone  mortars, 
some  round  and  others  oval  in  shape,  and  measur- 
ing some  12  in.  and  S  in.  across  the  major  and 
minor  axes  respectively.  The  metal  was  apparently 
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recovered  by  bruising  the  ore  down  to  a  Hour  in 
these  mortars  with  rubbing  stones  and  then  pan- 
ning ;  some  of  the  ore  was  amalgamated,  a  little 
quicksilver  having  been  found  near  a  creek  just 
north  of  the  mine.  It  would  appear  that  the 
natives  exploited  the  mine  by  building  fires 
against  the  working  face,  drenching  the  heated 
rock  with  water  and  so  splitting  it,  and  then 
further  breaking  up  and  removing  the  rock  by 
means  of  wooden  wedges  and  stone  hammers. 

The  geology  of  the  district  is  as  yet  but  imper- 
fectly known,  the  exceedingly  dense  jungle  and  the 
lack  of  exposed  faces,  except  in  swiftly  flowing 
mountain  creeks,  making  examinations  a  trying 
and  expensive  business.  From  the  little^  known, 
it  would  appear  that  the  fundamental  rocks  of 
the  district  are  schists  and  granite,  these  rocks 
showing  as  a  mountain  range  a  few  kilometers 
east  of  a  lesser  range  composed  of  rhyolites  and 
andesites  ;  it  is  on  one  of  the  hills  of  the  latter 
that  the  mine  is  located.  Overlying  the  schists 
and  granite  is  a  bed  of  shale,  and  above  the 
shale  there  are  conglomerates,  tuffs  and  earths. 
The  shales  are  of  interrupted  or  local  occurrence 
and  would  appear  to  have  experienced  consider- 
able erosion.  The  deposition  of  the  above  beds 
has  been  followed  by  extensive  earth  movements 
and  the  intrusion  of  igneous  rock,  rhyolite, 
followed  at  a  subsequent  period  by  further  dis- 
turbances which  fissured  the  rhyolite  and  made 
passages  for  the  inflow  of  andesite  which,  to- 
gether with  some  of  the  over-burden  of  shale  and 
conglomerate  which  has  fallen  into  the  fissures, 
constitute  the  reef.  As  the  result  of  the  igneous 
intrusions  the  shale  has  been  altered  to  a  hard 
black  rock  and  considerably  shattered,  and  it  is 
found  in  the  reef  in  all  sizes,  from  huge  boulders 
to  minute  grains  cemented  together  by  reticulated 
veins  of  quartz  or  a  white  mineral,  calcium  sili- 
cate, locally  called  Truscottite. 

Waters  rich  in  silica  and  minerals  generally 
have  come  from  below  and  cemented  the  breccia 
of  andesite,  etc.,  forming  the  reef  body  and 
building  up  definite  quartz  veins  in  the  mass 
whilst  at  the  same  time  depositing  gold  and  silver. 
Calcium  carbonate  and  siliciate  have  also  been 
deposited  throughout  the  reef  as  veins  and  masses. 
The  reef  outcrops  on  the  eastern  slope  of  a  hill 
and  strikes  NNW.-SSE ;  the  dip  at  surface  is 
about  70°  WSW,  this  diminishing  at  depth. 

The  ore  body  extended  some  45  metres  above 
the  surface  tramming  level,  below  w7hich  it  was 
worked  as  an  opencut  to  a  depth  of  11  metres 
the  ore  being  transported  along  the  first  adit 
level. 

Three  adit  levels  in  all  have  been  driven  to  the 
reef,  the  first  is  185  metres  long  and  11  metres 
below  surface  level.  The  second  380  metres 
long   and   35   metres  deep,   and   the  third    800 


metres  long  and  64  metres  deep.  Through  the 
third  adit  is  discharged  all  the  mine  water,  a  fine 
Cornish  pump  with  20  in.  plunger  and  8  ft. 
stroke  being  installed  at  this  lavel,  the  pump 
being  driven  by  a  72  in.  diameter  Pelton  wheel, 
with  a  G  in.  pin  nozzle,  capable  of  developing 
120  h.p.  at  220  revolutions  per  minute  under  a 
300  ft.  head.  The  adit  as  driven  was  framed 
with  ellipital  H  steel  frames  of  120  mm.  x  58  mm. 
section  and  measuring  over  the  major  and  minor 
axes  24000  and  1"380  metres  respectively,  the 
average  pitch  of  these  frames  was  90  cm.,  but  in 
loose  ground  this  was  reduced  to  25  cm.  Behind 
the  frames  a  complete  lagging  of  2  in.  deals  was 
driven.  In  places  the  ground  proved  very 
treacherous,  twisting  the  frames  into  weird  shapes 
and  necessitating  the  substitution  of  rivetted  steel 
piping  600  mm.  diam.  and  I2h  mm.  thick. 

The  mine  is  divided  into  nine  sections  along 
the  strike,  each  50  metres  long,  the  numbers  run 
from  -  1  at  the  south  end  to  +  7  at  the  north 
end. 

There  are  two  shafts  sunk  in  the  footwall  of 
the  reef,  the  "  Middle  "  shaft  in  No.  2  S  section, 
and  the  "  South  "  shaft  in  -  1  N  section.  The 
"  Middle  "  shaft  measures  2  metres  x  1*50  metres 
in  the  clear,  having  two  compartments  each 
1  metre  x  1 -50  metre  ;  this  shaft  goes  to  the 
third  level,  and  will  probably  be  carried  to  the 
fourth  level  but  not  further  •  the  hauling  is  done 
by  a  small  steam  hoist  of  about  20  h.p. 

The  "  South  "  shaft  measures  3  metres  x  3 
metres  and  has  six  compartments  each  P500 
metre  x  l-000  metre;  there  are  two  hauling  ways, 
two  pump  ways,  one  timber  and  one  ladder  way. 
The  weight  of  the  cage  and  .loaded  lorry  is 
1,736  lb.  and  a  20  h.p.  electric  hoist  with  1*5 
metre  drums  is  used  ;  this  will  later  on  give  place 
to  a  larger  hoist  of  the  same  model.  The  foot- 
wTall  of  the  reef  is  all  that  could  be  desired,  but 
the  clay  hanging  wall  and  the  great  size  and 
fractured  nature  of  the  reef  body,  which  in 
certain  sections  is  also  very  soft,  has  led  to  the 
devising  of  special  methods  for  stoping  it.  A 
description  of  the  third  level  working  is  typical 
of  the  whole.  Parallel  to  the  reef  strike  and  a 
few  metres  back  in  the  hard  footwall  rock  a  per- 
manent main  gallery,  2  metres  x  2  metres,  is 
driven  at  each  level.  From  this  gallery,  at  the 
third  level,  there  is  set  out  at  every  25  metres 
along  the  strike  a  main  cross-cut,  2  metre  x  1  '80 
metre,  which  is  carried  through  the  hanging  wall. 
The  reef  in  the  south  end  of  the  mine,  sub- 
sections Nos.  IS,  IN,  2S,  2N,  is  hard  quartz, 
but  so  full  of  "heads  "  and  "  slips"  that  at  times 
it  settles  for  from  20  to  40  meters  of  its  length 
and  for  the  full  width  of  the  reef,  which  is  here 
16  to  20  metres.  The  full  width  of  the  face  is 
worked,  and  two  2   metre   drives,  running  north 
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and  south,  are  left  through  the  filling  for  the 
transport  of  the  ore  and  the  packing.  The  drives 
are  kept  open  by  putting  in  stacks,  two  metres 
square,  of  20  cm.  diam.  timber  on  both  sides  of 
the  road  and  by  logs  spanning  the  roadway. 
According  to  the  nature  of  the  ground  these 
stacks  are  built  close  together,  or  from  1  metre 
to  T50  metre  apart;  each  stack  costs  15s.  and 
the  road  capping  5s.  4^-d.  Inside  the  stacks  and 
between  them  is  all  tightly  packed  with  waste 
rock,  and  these  stacks  are  always  built  in  as  soon 
as  there  is  soom  enough  for  them. 

The  stopes  are  worked  two  metres  high  to 
enable  the  natives  to  bar  down  the  rock  freely 
and  also  to  prevent  accidents  from  falls  of  rock. 
As  the  "  level "  stope  is  worked  out  a  new  stope 
is  started  from  a  footwall  winze  beside  the  main 
cross-cuts,  and  stoping  carried  on  as  above 
described.  There  are  two  chutes  and  one 
travelling  way  in  each  cross-cut,  the  chutes  being 
so  arranged  that  the  quartz  can  be  dumped 
directly  into  them  from  the  tram  in  the  drives. 
Filling  is  obtained  by  cutting  into  the  hill 
crossing  the  reef  at  the  south  end  of  the  mine 
and  also  from  a  winze  put  up  in  the  footwall  in 
N3  section,  to  the  top  of  the  hill. 

In  sections  3,  4,  5  and  6  of  the  mine  another 
method  of  stoping  is  employed.  In  this  part  of 
the  mine  much  of  the  reef  is  soft  enough  to  be 
worked  with  a  pick,  but  it  is  broken  up  in  places 
by  masses  and  veins  of  hard  quartz. 

From  the  footwall  gallery  the  main  cross-cuts, 
25  metres  apart,  are  set  off  as  in  the  south  end 
and  carried  to  the  reef,  a  footwall  drive  in  the 
reef  is  then  put  in  connecting  up  the  cross-cuts 
and  winzes.  The  reef  is  now  attacked  by  taking 
out  a  cut  two-and-a-half  metres  wide  across  the 
reef  and  next  to  the  cross-cut,  next  the  cut  a 
pillar  of  corresponding  width  is  left,  and  then 
another  cut  put  in,  the  filling  of  the  first  cut 
proceeding  with  the  breaking  of  the  second  ;  as 
soon  as  the  second  cut  is  filled  in  the  pillar  of 
ore  is  taken  out. 

The  cross-cuts  in  these  sections  measure  2 '500 
metres  wide  over  the  timbers,  and  are  built  in 
with  these  leg  sets  never  more  than  a  metre  apart, 
thus  if  a  slip  knocks  out  a  leg  the  remaining  sets 
will  support  the  set  until  a  new  leg  is  put  in, 
The  sets  are  two  metres  high  so  the  cross-cuts 
are  made  2-250  metres  to  get  in  the  cap  piece 
and  50  mm.  planks-  ;  150  mm.  to  200  mm.  round 
timber  is  used,  a  set  costing  4s.  2d.,  and  the 
planks  8s.  4d.,  allowing  a  few  of  the  latter  for 
sollars  for  the  boys  to  shovel  on. 

In  this  part  of  the  mine  five  boys  will  bore, 
pick  and  shovel  ore  for  sixteen  wagons,  each  "I 
0-37  tons  capacity,  per  shift  of  eight  hours. 
Very  little  drilling  is  necessary,  as  half  the 
ground  can  be  broken  out  by  the  pick,  the  other 


half  is  moved  by  drilling  holes  twelve  inches 
deep  in  the  quartz,  and  charging  each  with  one- 
and-a-half  small  sticks  of  gelignite. 

As  the  level  stope  is  worked  out  we  go  up  the 
winzes  and  drive  north  and  south  to  get  in  the 
reef  footwall  drive  again,  after  which  cuts  across 
the  reef  are  stoped  out  as  above  mentioned. 

A  couple  of  boys  will  drill  six  feet  in  a  shift, 
usually  three  two  foot  holes,  one  back  and  two 
water  holes. 

In  general,  three-and-a-half  small  plugs  of 
gelignite  are  used  in  a  hole,  and  four  hammers 
give  about  IT  10  tons.  In  the  drives  and  cross- 
cuts the  Siemens  and  Halske  electric  drill 
with  independent  motor  is  used.  Provided 
a  sufficient  number  of  the  machines  are  run 
to  keep  a  specially  trained  repair  hand  fully 
occupied,  this  drill  does  fair  work  and  is  well 
liked  here.  It  takes  very  little  power — about 
1  h.p. — the  safety  fuses  used  to  protect  the 
motor  burn  when  the  load  passes  1  k.w.  or  T34 
h.p.  Three  boys  operate  each  machine.  The 
estimated  cost  of  a  drive  TSOO  x  2 -000  metres 
worked  out  as  follows  :  — 

Guilders. 

Explosives  ...  ...  ...      22-42 

Fuse  and  Caps        ...  ...  ...        T34 

Power      ...  ...  ...  ...        TG6 

Labour    ...  ...  ...        8*00 

Supervision  ...  ...  ...       8*00 

Removing  Rocks    ...  ...  ...       6*23 

Repairs    ...  ...  ...  ...     10-00 

Spare  parts  ...  ...  ...        4  -00 

Amortization  ...  ...  ...        8'38 

Drilling  and  Sharpening,  Fuel  and  Steel  8 '00 
Oil,  Waste  and  Sundries        ...  ...        TOO 

Total  cost   per   metre  driven  (T800  metres  x 
2-000  metres  x  T000  metres)  =  81  "03  guilders,  or 
41s.  2d.  per  foot. 

In  drilling  over  a  drive  or  cross-cut  with 
machines  fifteen  holes  two  feet  deep  are  put  in, 
breaking  down  about  three  tuns  of  rock  ;  each 
hole  receives  4i  plugs  of  gelignite. 

A  small  air  drill,  made  by  the  Dinsburger- 
Maschinenbau-Actien-Gesellschaft,  Disnberg,  at 
Rheim,  is  being  tried  with  fairly  satisfactory 
results  ;  the  machine  is  noticeable  for  its  freedom 
from  nuts  and  bolts.  The  cylinder  =  55  mm. 
stroke  150  mm.,  weight  of  machine  85  kilns. 
On  a  seven  days  run,  working  twenty-one  shifts 
of  eight  hours,  twelve  holes  two  feet  deep  were 
put  down  each  shift  :  the  air  pressure  at  surface 
registered  GO  lb.,  and  at  the  drill  10  lb.  The 
machine  advanced  tour  metres  in  a  2  metre  ■  2 
metre  drive,  the  ground  was  hard  rhyolite  with 
quartz  and  full  of  joints,  bad  ground  to  work  in. 
The  machine  had  previously  been  working  in 
stopes  for  nine  days  and  was  put  on  this  trial 
without   any   preparation  ;  subsequently  it   ran 
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for  thirty  days  before  being  sent  up  in  consequence 
nl  the  small  valve  air  feed  pipe  having  choked, 
Two  natives,  receiving  8d.  a  day  as  pay,  handle 
the  machine. 

There  is  a  point  in  connection  with  the 
underground  administration  worth  calling  atten- 
tion to,  as  it  has  been  found  of  great  value  here 
both  in  helping  to  control  the  native  labour  and 
economising  stores.  Each  European  miner  is 
given  a  private  store  underground,  and  on  going 
on  duty  he  rolls  up  all  his  boys,  generally  about 
50,  as  experience  shows  this  to  be  as  many  as  a 
man  can  handle  to  advantage,  at  this  store  :  the 
number  on  shift  and  the  number  of  alisentees  is 
at  once  reported  by  messenger  to  the  underground 
manager  and  thence  to  the  compound  manager. 
He  then  hands  out  the  lamps  and  tools,  etc.,  and 
later,  should  any  extra  supplies  be  required,  the 
boys  come  to  the  store  f  jr  them,  a  boy  being 
kept  as  caretaker  who  reports  to  his  boss.  Here 
all  old  drills,  picks,  etc.,  are  brought  and 
exchanged,  the  old  ones  going  to  the  surface  at 
the  end  of  the  shift  and  a  new  supply  brought 
down  the  next  time  that  particular  shift  gang 
goes  on  duty.  Thus  there  are  no  missing  drills, 
picks,  hammers,  shovels  and  lamps  as  everything 
is  checked  at  the  beginning  and  end  of  each  shift, 
and  nothing  new  is  given  out  except  on  production 
of  what  remains  of  the  old.  Lamp  oil  and 
machine  oil  is  stored  here,  and  explosives,  fuse, 
etc.,  are  safely  locked  away  until  actually 
required  ;  here  also  the  miner  keeps  a  change  of 
clothirjg  and  oilskins  in  case  he  should  require 
them. 

The  European  labour  employed  in  the  mine  is 
very  cosmopolitan,  Australian,  Scotch,  German, 
Swedish  and  Dutch,  the  last  predominating. 
The  work  is  divided  over  three  shifts  of  eight 
hours  each. 

The  native  labour  is  all  imported  from  Java 
and  is  generally  divided  into  Sundanese  from  the 
highlands  of  the  north  of  the  island  and  Javanese 
from  central  Java  and  the  coast  towns.  Of  the 
two  types  the  Sundanese  are  of  slightly  bigger 
build  and  are  more  muscular  and  energetic.  The 
average  native  is  about  the  same  height  and 
build  as  an  English  schoolboy  of  14  or  15  years 
of  age,  and  their  boyishness  is  accentuated  by 
their  favouring  short  trousers  of  linen  and  fancy 
print ;  a  crowd  of  these  boys  in  their  wonderfully 
coloured  suitings  (a  loose  jacket  and  trousers  of 
cheap  linen  or  print)  makes  a  very  striking  picture. 

The  boys  are  engaged  on  a  three  years'  contract 
and  receive  8d.  a  day  as  pay,  and  to  this  may  be 
added  8d.  more  as  the  cost  to  the  company  for 
transport,  food,  housing,  hospital,  etc.  A  fair 
number  enter  on  a  second  contract  for  a  further 
two  years,  for  which  they  receive  lOd.  a  day  and 
a  cash  present  of  25s. 


They  are  well  housed  and  well  fed  :  three  days 
a  week  they  receive  fresh  meat  and  on  the 
remaining  four  good  dried  fish  ;  they  are  fed 
three  times  a  day,  5.30  a.m.,  11  a.m.  and  5  p.m., 
and  on  each  occasion  may  take  as  much  boiled 
rice  as  they  care  for ;  at  the  midday  meal  in 
addition  to  the  rice  and  meat  or  fish  they  receive 
a  good  supply  of  excellent  meat  soup  well 
thickened  with  fresh  vegetables. 

The  nature  of  the  work  done  by  the  boys  and 
the  intelligence  displayed  is  much  the  same  as 
that  of  the  Kafir  labour  on  the  Rand. 

The  reef  frequently  attains  a  width  of  50  feet, 
and  averages  about  1  oz.  gold  and  10  oz.  silver 
per  ton.  The  average  working  costs  during  1908 
were: — Mining,  5s.  lid.  ;  development,  Is.  8d  ; 
mine  maintenance,  lOd.  ;  surface  tramming,  2d.; 
on  an  average  monthly  output  of  7,481  tons. 

In  closing  I  wish  to  thank  Mr.  K.  Kriekhaus, 
General  Manager  of  the  Redjang-Lebong  Mine, 
for  his  kind  permission  to  publish  these  notes, 
also  Mr.  Arthur  Yates,  General  Manager  of  the 
Lebong  Soelit  Mine,  to  whom  I  am  greatly 
indebted  for  advice  and  help  in  their  preparation. 

Mr.  Palmer  Carter  (Member)  ■.  I  should 
like  to  move  a  hearty  vote  of  thanks  to  Mr. 
Philp  for  his  very  interesting  paper.  It  is  such 
papers  as  these  we  are  looking  for,  papers  which 
give  us  the  details  of  how  things  are  clone  in 
other  parts  of  the  world.  The  author  alludes  to 
the  native  miners  and  the  manner  in  which  they 
recognise  the  value  of  "  fracture  planes."  With 
regard  to  the  native  labour  mentioned,  it  makes 
us  all  on  the  Rand  envious  when  we  find  they 
can  get  boys  on  a  three  years'  contract  at  8d.  a 
day,  with  only  an  additional  8d.*a  day  for  their 
cost  in  food.  I  should  say  there  is  a  splendid 
opening  on  the  Rand  for  a  lot  of  those  boys.  We 
all  appreciate  this  paper  very  much. 

Mr.  Tom  Johnson  (Member) :     I  have  great 
pleasure  in  seconding  the  vote  of  thanks. 
The  vote  of  thanks  was  agreed  to. 


TREATMENT  OF  ORE  SLIME. 


(Read  at  November  Meeting,  1909.) 


By   Andrew    F.    Crosse,    M.Inst.M.M.    (Past- 
President). 


REPLY   TO    DISCUSSION. 

Mr.  A.  F.  Crosse  (Past-President)  :  The  only 
remark  made  on  my  slime  treatment  process  was 
a  question  by  Mr.  C.  O.  Schmitt  regarding  the 
cost  of  my  plant. 

The  capacity  of  the  cone  for  treating  slime 
varies  very  much  according  to  the  nature  of  the 
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material,  but  I  have  found  that  there  is  no  slime 
more  easy  to  treat  than  the  tube  mill  .slime  pro- 
duced on  the  Rand.  I  find,  also,  that  I  can 
treat  a  much  larger  amount  per  cubic  foot  of  cone 
capacity  of  this  slime  than  I  could  if  I  were 
treating  an  argillaceous  slime. 

From  experiments  on  tube  mill  slimes,  1 
can  confidently  maintain  that  I  can  treat 
three  charges  per  21  hours  in  one  of  my 
cones,  but,  of  course,  I  must  allow  the  pulp  to 
settle  in  ordinary  vats.  So  that,  taking  the  cost 
of  two  cones  large  enough  to  treat  85  tons  of  dry 
slime  per  charge  at  about  £750  each,  this  portion 
of  the  plant  would  cost  £1,500.  This  is  certainly 
much  cheaper  than  anything  that  can  be  done  by 
the  decantation  process,  and  will  give  a  higher 
extraction  of  the  sold  contents. 


ENDLESS  ROPE  HAULAGE. 


(Read  at  December  Meeting,  1909.] 


By  H.  G.  Kay  (Associate). 

DISCUSSION. 

Mr.  Tom  Johnson  (Member)  ■.  Mr.  Webb, 
in  his  contribution  to  the  discussion  of  this 
paper,  mentions  that  the  side  rope  system  adopted 
on  the  Premier  Diamond  Mine  has  the  disadvant- 
age, that  if  anything  happens  to  the  full  side  the 
empty  side  has  to  stop  ;  this  is  true  and  is  general 
in  endless  rope  work.  The  only  case  I  know 
of  where  this  is  otherwise  is  where  two  ropes 
are  used  on  a  dump,  one  for  the  full  cars 
and  a  separate  one  for  the  empty  cars.  Consider- 
ing that  the  Premier  Mine  handles,  say,  1,000  cars 
per  hour  per  rope  (about  10  times  the  amount 
handled  per  rope  by  any  company  on  the  Rand) 
they  do  not  appear  to  worry  about  this  so-called 
disadvantage.  As  to  the  Hanging,  if  any,  it  would 
be  opposite  to  what  Mr.  Webb  says,  as  a  little 
thought  will  show.  Further  consideration  would 
induce  one  to  keep  the  rope  a  little  wide,  and 
to  raise  the  near  rail  to  counteract  Hanging,  but 
in  practice  there  is  no  more  flanging  with  the 
side  rope  than  with  the  top  rope.  .Mr.  Webb  is 
wrong  in  saying  a  fixed  type  of  jockey  is  neces- 
sary with  the  runners  shown  by  Mr.  Kay  in  his 
Sketch  I.  ;  a  feather  on  the  stalk  will  prevent 
the  rope  lifting  the  jockey  out  and  still  allow  it 
to  be  lifted  out  by  hand. 

As  to  saving  money  on  jockeys,  I  put  in 
jockeys  at  the  Itose  I  )eep  five  years  ago,  which 
were  fitted  for  the  pins  to  be  turned  any  amount 
found  necessary,  but  the  engineer  assures  me 
that  they  have  not  started  to  turn  them  yet,  and 
the  cost  of  the  worn  pins  for  five  years  has  been 
nil.     If  jockeys  are  properly  made,  nearly  any  of 
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the  forked  type  will  do  for  our  -and  dumps. 
Any  failure  in  their  use  comes  from  making  them 
of  the  wrong  material  and  Dot  properly  under 
standing  the  principle  of  the  rope  drive.  It  is 
the  twist  given  to  the  rope  which  should  give 
the  grip. 

Mr.  F.   F.  Alexander  (Member  of  Council): 

I  understand  Mr.  Johnson  to  say  that  the  jockey 
pins  on  the  Rose  Deep  have  lasted  for  five  years. 
I  may  say  that  that  is  not  my  experience.  They 
last  for  about  three  months. 

Mr.   Tom  Johnson  :     I  am  only  going 
what  the  engineer  on  that  property  told  me. 

Mr.  F.  F.  Alexander:  The  author  of 
paper  was  correct  in  saying  that  these  jockeys  do 
flange  the  wheels  considerably.  In  order  to 
counteract  that  I  have  shifted  the  front  wheels 
forward  4|  in.,  and  by  doing  so  the  flanging  is 
overcome.  The  wearing  sockets  described  by  Mr. 
Kay  are  a  decided  advantage. 

Mr.    J.    E.    Thomas    (Member   of  Council)  : 

Practically  the  same  device  is  in  use  at  the 
Simmer  Deep,  but  instead  of  the  jockey  being 
fixed  on  the  side  of  the  truck  carriage  it  swings 
on  a  pin,  forming  part  of  the  jockey  arm,  stepped 
into  a  hole  in  the  end  of  the  carriage.  As  the 
jockey  jams  on  the  rope  it  makes  practically  a 
rigid  arm,  thus  pulling  the  truck  parallel  with 
the  rope  and  not  towards  it,  so  that  "  flanging  " 
does  not  occur  to  any  greater  extent  than  when 
the  truck  is  running  free. 


FURTHER  NOTES  ON  RAND  MINING. 

(Read  at   February  Meeting,   V>10.) 

By  TOM   JOZNSON  (Member). 

DISCUSSION. 

The  Secretary  read  the  following  contribution 
to  this  discussion  : — 

Mr.  H.  G.  Roake  (AssociaU )  :  What  Mr. 
Tom  Johnson  says  about  the  right  and  wrong 
way  of  building  packs  and  pigsties  is  very  good, 
particularly  as  regards  the  latter,  but  I  do  not 
agree  with  him  as  to  the  practicability  of  the 
former.  1  prefer  relying  on  pigsties  in  a  case  of 
bad  hanging,  for  the  following  reasons  : — 

Boys  can  soon  be  trained  to  build  them,  the 
green  timber  suitable  is  cheap  and  easily  handled, 
small  waste  is  more  easily  obtained  than  the 
large  waste  required  for  packs,  and  the  building 
of  [lacks  in  inclined  stopes  is  slow  and  expensive. 
If  a  rock  is  built  wrongly  into  the  wall  of  a  park 
the  wall  will  bulge  and  burst  when  the  weight 
comes  on,  and  the  pack  will  degenerate  into  a 
heap  of  waste,  and  although  the  author  hag   peen. 
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miles  of  walling  built  on  the  top  side  of  drives  I 
feel  sure  the  building  was  done  with  white 
labour  and  not  with  black.  To  teach  natives  to 
do  this  work  well  requires  time,  and  their  con- 
tracts generally  expire  just  as  they  are  becoming 
efficient.  Now,  with  pigsties  it  is  necessary 
that  the  timbers  should  be  square  over  one 
another  at  the  corners  and  well  wedged,  but  in- 
efficient boys  weeded  out  of  the  shovelling  and 
drilling  gangs  can  do  the  rest.  If  the  roof  is  very 
broken  and  the  pigsties  fairly  numerous  those 
6  ft.  x  6  ft.  in  size  will  be  found  to  give  the  best 
results,  and  there  would  be  no  objection  to  build- 
ing packs  all  along  and  resting  on  the  ^ise  side 
of  these.  With  a  tender  roof  the  author 
advocates  putting  on  more  machines,  and,  by 
pushing  on  the  face  faster,  give  no  time  for  the 
roof  to  break.  I  doubt  very  much  whether 
managers  would  agree  to  such  a  policy,  as  the 
number  of  machines  available  is  usually  limited, 
and,  therefore,  if  one  face  is  forced  others  must 
lie  idle,  a  condition  of  things  apt  to  upset  the 
tramming  and  the  grade  of  the  ore  sent  to  the 
mill.  Again,  with  a  tender  roof  a  large  number 
of  machines,  even  small  ones,  working  on  the 
face  would  bring  about  conditions  highly  favour- 
able to  the  collapse  of  such  roof.  In  a  case  of 
this  kind  I  would  prefer  putting  in  hammer  boys 
till  the  necessary  number  of  pigsties  have  been 
built,  when  the  machines  can  return,  or,  better 
still,  running  it  permanently  as  a  hammer  stope. 
The  driving  to  the  boundary  and  working 
home  system  might  be  a  sound  one  if  the  ore 
was  payable  throughout,  but  here  and  there 
blocks,  at  present  considered  unpayable,  will 
have  to  be  left  behind  to  become  gradually  buried 
up,  so  that  when  a  further  reduction  of  cost 
renders  these  blocks  payable  the  connecting 
levels  will  have  to  be  reopened  to  render  them 
accessible  again,  or,  in  other  words,  they  will 
have  to  be  developed  twice  over.  To  avoid  such 
a  contingency  the  mine  should  be  kept  open 
wherever  possible. 


THE  TUBE-MILL  CIRCUIT  AND  CLASSI- 
FICATION. 


{Read  at  February  Meeting,  1909.) 
By  G.  O.  Smart  (Member  of  Council). 

DISCUSSION. 

Mr.  C.  F.  Bayly  (Associate)  :  Mr.  Smart  has 
given  us  a  most  interesting  and  instructive  paper 
on  the  tube  mill  circuit  and  classification,  and  he 
has  brought  it  forward  at  a  most  opportune  time 
since  day  by  day  tube  mills  are  playing  a  more 
and  more  prominent  part  in  all  our  reduction 
plants. 


In  the  clearest  manner  he  has  described 
the  many  advantages  which  cones  possess  for 
classifying  and  dewatering  purposes  when  com- 
bined with  the  use  of  the  diaphragm.  As  he 
points  out  the  cones  are  operated  with  a  con- 
siderable depth  of  sand,  A  cone  6  ft.  in  diameter 
and  9  ft.  deep  has  a  capacity  of  85  cub.  ft.  To 
avoid  the  loss  of  time  and  disorganisation  of 
classification  entailed  by  emptying  such  a  cone  of 
its  contents,  and  the  difficulty  and  discomfort  of 
affixing  any  device  depending  on  a  screw,  the 
importance  of  some  device  to  overcome  these 
troubles  is  obvious.  A  device  which  we  have 
found  most  useful,  and  which  is  in  use  on  the 
dewatering  cones  at  the  Simmer  and  Jack  East 
tube  mill  plant  is  a  sliding  gate  for  regulating  or 
cutting  off  the  underflow  of  the  cones.  A  model 
is  on  the  table  for  the  inspection  of  the  members. 
A  short  description  of  this  device  may  be  of 
interest.  It  merely  consists  of  a  slide  made  of 
iron  suitably  arranged,  so  that  it  can  slide  easily, 
in  a  cast  iron  casing  which  is  attached  to  the 
bottom  of  the  cone.  In  this  slide  there  are  one 
or  more  holes  in  which  nozzles  of  different  sizes 
may  be  placed,  and  by  movement  of  the  slide  a 
different  sized  nozzle  can,  when  necessary,  be 
brought  immediately  into  use.  There  is  obviously 
no  necessity  to  empty  the  cone,  nor  to  change 
the  flow  of  pulp  into  another  cone,  nor  to  remove 
the  feed  pipe  to  the  tube  mill,  when  a  change  of 
nozzle  is  desired.  In  the  same  way  a  blank  in 
the  slide  completely  cuts  off  the  underflow.  The 
nozzles  merely  consist  of  flat  iron  or  steel  rings 
which  fit  into  holes  in  the  slide,  and  are  held  in 
place  by  a  shoulder.  For  ordinary  purposes  only 
two  nozzles  are  necessary  in  the  slide,  and  the 
better  arrangement  is  to  have  one  at  each  end 
and  the  blank  in  the  centre. 

The  proceedings  then  closed. 
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CHEMISTRY. 


Fusions  for  True  Silica.-  "  Trouble  is  some- 
times experienced  in  removing  the  melt  from  the 
crucible.  In  addition  to  this,  considerable  time  is 
required  for  solution  and  the  crucible  is  often  injured. 
To  obviate  these  difficulties  I  have  adopted  the  prac- 
tice of  taking  the  melt  from  the  furnace,  and  while 
it  is  at  its  maximum  heat  I  pour  it  into  about  50  c.c. 
of  water  in  a  beaker.  This  granulates  the  material 
and  renders  it  quickly  soluble.  The  thin  skim  of 
material  left  on  the  crucible  is  easily  dissolved  with- 
out injury  to  the  platinum.  There  is  absolutely  no 
spattering  or  tiouble  of  any  kind  in  this  operation, 
which  is  simply  an  application  of  the  practice  of 
granulating  the  sample  of  smelter  slags  used  for 
analysis." — John  Herman. — Western  Chemist  and 
Metallurgist,  Dec,  1909,  p.  476.     (H.  A.  W.) 
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Estimation  of  Molybdenum  in  Molybdenum 
Glance. — "  The  usual  fusion  with  alkali  and  nitrate 
seldom  effects  complete  decomposition  of  the  mineral, 
however  finely  this  be  divided.  Another  possible 
source  of  error  in  the  hands  of  all  but  the  most  exper- 
ienced workers  is*tlie  final  ignition  of  the  precipitated 
sulphide  to  trioxide,  since  the  latter  is  volatile  at  a 
temperature  but  slightly  above  that  necessary  to  con- 
vert the  lower  oxides  into  this  form.  Accurate 
results  may  be  obtained  if  the  analysis  be  conducted 
as  follows  : 

The  sample  is  reduced  to  the  finest  possible  state  of 
division,  and  about  0*3  grm.  digested  for  two  to  three 
hours  with  fuming  nitric  acid.  The  nitric  acid  is 
then  evaporated  and  the  residue  moistened  with  1  or 
2  c.c.  of  sulphuric  acid  and  again  taken  practically  to 
dryness,  but  without  driving  off  all  the  acid.  The 
residue  is  taken  up  with  50  c.c.  of  water,  and  the 
solution,  which  contains  most  of  the  molybdenum, 
filtered.  To  extract  the  last  traces  of  molybdenum, 
the  residue  on  the  filter  is  washed  successively  with 
water,  dilute  ammonia,  and  again  with  water,  and 
the  filtrates  united.  Iron  and  aluminium  are  remov- 
ed by  treatment  with  excess  of  ammonia,  and  the 
filtrate  concentrated  to  a  volume  not  exceeding  200 
c.c.  Copper  is  removed  by  ammonium  sulphide,  and, 
on  acidifying  and  boiling  the  filtrate,  the  bulk  of  the 
molybdenum  is  precipitated  as  sulphide.  The  filtrate 
from  the  latter  is  evaporated  to  dryness,  the  bulk  of 
the  ammonium  salts  expelled,  the  residue  taken  up 
with  water  and  treated  with  ammonium  sulphide, 
and  then  with  hydrochloric  acid,  to  recover  the  last 
of  the  molybdenum.  Thesulphide  is  dried,  the  filter 
carefully  incinerated,  and  ash  and  precipitate  heated 
with  sulphur  in  a  Rose  crucible  in  a  current  of 
hydrogen,  and  weighed  as  MoS2." — E.  Collett  and 
M.  ECKABDT.—  (Chem.  Zeit.,  1909,  33,  968-969.)— 
The  Analyst,  Dec,  1909,  pp.  540-541.     (E.  H.  C.) 

Rapid  Method  for  the  Estimation  of  Van- 
adium in  Ores  and  Technical  Products.— 
"  From  0-5  to  1  grm.  of  the  material  is  fused  with 
seven  or  eight  times  its  weight  of  sodium  peroxide 
for  15  to  20  minutes,  the  cooled  mass  extracted  with 
boiling  water,  and  the  solution  filtered  and  acidified 
with  sulphuric  acid.  Alcohol  is  next  added,  and  then, 
disregarding  any  precipitate  the  alcohol  may  produce, 
sulphur  dioxide  is  passed  through  the  liquid  until  ii 
smells  strongly.  The  liquid  is,  if  necessary,  filtered, 
and  then  heated  to  expel  alcohol  and  sulphur  dioxide. 
Arsenic  is  separated  as  sulphide,  the  filtrate  boiled 
to  expel  hydrogen  sulphide,  and  the  vanadium  deter- 
mined by  titration  with  permanganate.  The  author 
always  takes  such  quantities  for  titration  that  the 
titration  liquid  contains  approximately  1  per  cent,  of 
vanadium,  and  be  standardises  bis  permanganate  on 
a  similar  solution,  made  by  boiling  a  solution  of 
ammonium  vanadate  with  soda  till  all  ammonia  is 
expelled,  acidifying  with  sulphuric  acid  and  reduc- 
tion with  sulphurous  acid.  The  aridity  and  tempei 
ature,  as  well  as  the  concentration  of  the  titration  \ 
liquid,  should  also  be  kept  as  nearly  a-  possible  the 
same  as  when  standardising."  I'inkki  a  y  \i,\  aim;/. 
— (Chem.  Zeit.,  1909,  S3,  1149.)— The  Analyst,  Dec, 
1909.,  pp.  540-547.     (E.  H.  C.) 

Use  of  Dicyandiamidine  fob  the  Estimation  oi 
Nickel  and  its  Separation  prom  Cobalt,  Ikon, 
Chromium,  Zinc,  Manganese,  and  Magnesium. 
— "Various  modifications  have  been  made  in  the 
methods  of  using  the  dicyandiamidine  reagent  Bince 
the  various  papers  were  published  (Analyst,  1907, 
*  See  this  Journal,  Vol.  vii.,  p.  221. 


273,  394).  The  weighing  of  the  nickel  as  anhydrous 
sulphate  has  been  abandoned  in  favour  of  the  weigh- 
ing of  the  anhydrous  salt,  Ni(C2H5N40)2.  obtained 
by  drying  the  precipitate  at  115-160"  C.  The  precip- 
itate is  washed  \\  itb  a  .'i  percent. .  olution  ofammonia, 
as  1(10  cc  of  distilled  water  dissolve  01(148  grm.  at 
15  C.  In  small  volumes  of  solution  (60  c.c  )  precip- 
itation is  complete  in  fifteen  minutes,  and  the  solu- 
tion need  not  lit- allowed  to  stand  for  six  to  twelve 
hours,  as  previously  stated. 

Nickel  can  be  precipitated  free  from  cobalt  if  15  to 
20  c.c.  of  10  percent,  solution  of  cane-sugar  are  added 
before  the  solution  is  made  alkaline.  From  the 
filtrate,  which  shows  a  reddish  yellow  to  red  colour, 
cobalt  is  precipitated  as  sulphide,  as  electrolysis 
yields  a  metal  containing  carbon.  Tronis  best  held 
in  solution  by  the  addition  of  Rochelle  salt,  10  to  15 
grm.  of  the  salt  being  used  for  each  of  iron.  Small 
quantities  of  iron  are  conveniently  separated  as  basic 
acetate  before  precipitating  nickel;  Chromium  if  pre- 
sent as  chromate,  does  not  interfere  with  the 
precipitation  of  nickel;  if  present  as  a  chromic 
salt,  it  may  be  oxidised  as  chromic  acid  with 
ammonium  persulphate  in  dilute  sulphuric  acid 
solution  ;  or  Rochelle  salt  may  be  added  as  for  iron; 
or  else  acetic  acid  (or  formic  acid)  may  be  added,  and 
the  solution  boiled  for  an  instant,  the  resulting 
chromic  salt  being  stable  in  the  cold  towards  alkalies. 
If  the  last  procedure  is  used,  chromium  can  be  pre- 
cipitated in  the  filtrate  by  simply  diluting  it  and 
boiling  for  some  time.  Manganese  is  best  kept  in 
solution  by  the  addition  of  citric  acid  and  a  small 
quantity  (0*5  grm.)  of  hydrazine  sulphate  ;  it  can  be 
recovered  from  the  filtrate  by  adding  hydrogen  per- 
oxide, or,  if  cobalt  is  also  present,  by  treatment  with 
hydrogen  sulphide  at  100°  C.  The  methods  for 
separating  zinc  and  aluminium  from  nickel  have  not 
been  altered.  Small  quantities  of  magnesium  can 
be  kept  in  solution  by  the  addition  of  Rochelle  salt 
and  ammonium  chloride  while  the  nickel  is  being 
precipitated;  in  the  presence  of  larger  quantities  of 
magnesium,  however,  it  is  necessary  to  precipitate 
the  nickel  first  as  sulphide,  which  is  then  dissolved 
and  converted  into  the  dicyandiamidine  salt. 
Rochelle  salt  may  also  be  used  it  cadmium  is  present 
to  hold  the  latter  in  solution  during  the  precipitation 
of  the  nickel.  Copper,  mercury,  a,nd  silvi  r,  on  the  other 
band,  give  insoluble  salts  with  the  dicyandiamidine. 

The  above  methods  of  separation  were  successfully 
applied  in  the  analysis  of  German  silver,  commercial 
nickel,  nickel  steel,  and  garnierite.  In  the  analysis 
of  the  latter,  iron,  nickel,  cobalt,  and  manganese  are 
first  precipated  together  as  sulphides,  leaving  mag- 
nesium in  solution.  Iron  is  next  separated  as  basic 
acetate,  and  nickel  precipitated  iii  the  filtrate  as 
above."— H.  GROSSMAN  AND  W.  HE1LBORN.  f  Papt  r 
communicated  to  the  Seventh  International  Congress 
of  Applied  Chemistry;  Chem.  Zeit.,  1909,  SS,  841- 
842,851-852.)  The  Analyst,  Oct.,  1909,  pp.  155-450. 
(E.  II.  ('.) 

Heat  of  Combi  stion  \m>  Explosion  Temper- 
ature of  Explosives. — "  In  order  to  obtain  the 
true  explosion  temperature  and  beat  of  combustion, 
it    is   necessary    to    know   the  composition   of  the 

explosion  gases  at    the   ment    oi     completion    of 

the  explosion  in  the  closed  vessel.  This  differs 
piderably  from  that  found  on  analysis,  on  account  of 
the  reaction-  taking  place  during  cooling.  The 
authors  show  that  ii  A  CO*  B  the  hydrogen,  C 
the  CO  plus  three  times  the  methane,  !»  the  water 
Less  the  methane,  all  expressed  from  the  analysis  a* 
gram-molecules  per  grm.  of  explosive  fired,  then — 


322 


The  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.       March  1910 


(C  +  x)(D  +  x) 


=  K. 


(A-.r)  (B -.<■)• 
For  temperatures  about  2,000°,  K  =  6-6  (Langeu),  or 
.")")  (Mallard  and  Le  Chatelier).  The  composition  of 
the  gases  before  cooling  is  thus  obtained  by  deducting 
x  from  the  gram-molecules  of  C02  and  H2,  determined 
analytically,  pergrm.  of  explosive,  and  the  addition 
ill  x  tn  those  of  CO  and  H2. 

The  true  heat  of  combustion  is  calculated  from  that 
determined  experimentally  by  deducting  50,600 
calories  for  each  gram-molecule  of  methane  found, 
and  10,000  (Ostwald)  or  10,100  (Berthelot)  calories 
for  each  gram-molecule  of  CO;,  formed  during  cooling. 

In  order  to  obtain  more  accurate  results,  gravi- 
metric methods  are  substituted  for  the  usual  gas 
analysis  by  absorption  and  measurement  of  volume. 
The  sample  is  placed  in  the  bomb  described  in  the 
preceding  abstract,  usually  1  to  1  ■.">  gi  in.  of  dry  powder 
in  a  bomb  of  10T  c.c.  content,  or  10  gnu.  of  other 
explosive  in  a  bomb  of  750  e.c.  After  sweeping  out 
with  dry  C02-free  air  and  closing  the  valves,  the 
charge  is  fired,  the  bomb  allowed  to  cool,  and  the 
gases— consisting  of  H20,  C02,  CO,  CH4,  IF,  and  N2 — 
passed  slowly  through  a  weighed  Cad.,  tube  and 
potash  bulbs.  The  mixture  of  CO,  CH4,  H.„  and  N2 
is  then  led  over  hot  copper  oxide  in  a  hard  glass  tube 
25  to  50  cm.  long,  connected  to  a  CaCl2  tube  and 
potash  bulbs.  The  CH4  and  (by  difference)  the  CO 
are  determined  in  a  fresh  analysis  by  leading  the 
gases  issuing  from  the  first  potash  bulbs  into  an 
absorption  apparatus  containing  cuprous  chloride 
solution,  which  is  renewed  several  times  during  an 
analysis  from  a  vessel  at  a  higher  level,  through 
towers  containing  dilute  sulphuric  acid  (to  absorb 
ammonia),  concentrated  sulphuric  acid  (to  keep  back 
moisture),  and  thence  to  the  combustion  tube.  The 
C02,  weighed  in  the  second  potash  bulbs,  will  now  be 
due  to  the  CH4  alone.  If  the  two  firings  are  carried 
out  underexactly  similar  conditions,  the  results  of  the 
two  analyses  will  be  directly  comparable.  The  gases 
are  finally  swept  out  of  the  bomb,  CaCl2  tube,  and 
potash  bulbs  by  a  stream  of  dry  C02-free  air,  which, 
to  avoid  oxidation  of  the  CO  absorbed  in  the  cuprous 
chloride,  has  been  passed  through  alkaline  pyrogallol, 
and  the  rubber  connection  leading  to  the  cuprous 
chloride  appartus  closed  with  a  pinch-cock.  By 
raising  the  level  of  the  cuprous  chloride  solution  the 
gases  are  driven  over  into  the  sulphuric  acid  towers, 
and  thence,  with  a  stream  of  dry  C02-free  air,  into 
the  combustion  tube  and  bulbs.  By  means  of  a 
pump  with  a  drying  tube  interposed,  the  CaCla  tube 
and  bond),  which  is  warmed  to  50°  C,  are  evacuated, 
ami  the  waterremaining  in  the  bomb  thus  transferred. 
The  nitrogen  is  determined  as  described  in  the  pre- 
ceding abstract. " — 0.  Poppenberg  and  E.  Stephan. 
— (Zeit.  f.  d.  ges.  Schiess-  und  Sprengstoffxvesen,  1909, 
4,  281  and  305.  J— The  Analyst,  Nov.,  1909,  pp.  497- 
498.     (E.  11.  C.) 

Estimation  of  Free  Lime  in  Cement. — "  A 
solution  of  ammonium  bromide  in  absolute  alcohol  is 
distilledinpresence  of  the  cement,  the  ammonia  evolved 
being  regarded  as  a  measure  of  the  free  lime  in  the 
cement.  The  alcohol  used  must  be  carefully  freed 
from  water,  by  distillation  over  lime  and  sub- 
sequent standing  over  '  activated  "  aluminium,  until 
evolution  of  gas  can  no  longer  be  observed.  Test 
analyses  are  cited  showiug  that  the  method  is 
accurate  to  within  01  percent.  ofCaO.  Ammonium 
bromide  is  not  decomposed  on  boiling  its  alcoholic 
solution  either  alone  or  in  the  presence  of  calcium 
carbonate." — R.Brandenburg.—  (Chem.Zeit.,  1909, 

.  ssi).)-  -77/,-  Analyst,  Oct.,  1909,     (E.  II.  C.) 


Decomposition  of  Sulphates  in  an  Air  Cur- 
rent.— The  results  were  obtained  by  heating  in  a 
porcelain  combuston  tube  in  a  porcelain  boat  and 
measuring  the  temperatures  with  a  Standardised  Le 
Chatelier  thermo  couple.  Air  was  passed  in  and  the 
S02  and  SOa  collected  in  NaOHAq*carefully  neutral- 
ised with  U.,S()4.\g  using  methyl  orange  as  indicator. 

FeS04.  —  First  traces  of  decomposition  were  shown 
at  550  C.  Up  to  580°  C.  there  was  slight  increase 
which  became  rapid  up  to  600"  C.  when  there  was  a 
sudden  increase.  On  further  heating  to  650  C.  only 
very  slight  traces  appeared  and  none  were  noted 
between  650   C.  and  960°  C. 

CuS04. — First  traces  of  acid  were  shown  at  400°  C. 
On  slowly  increasing  to  690°  C.  only  slight  amounts 
were  noted  but  at  690  ('.  rapid  evolution  occurred, 
but  up  to  900°  C.  no  further  traces  were  evolved. 

Z/>S04. — The  same  phenomenon  occurred,  traces 
being  evolved  up  to  730°  C.  and  a  rapid  increase  at 
760°  C,  and  none  on  further  heating  to  980°  C. — W.  S. 
Landis. — Metallurgical  arid  Chemical  Engineering, 
Vol.  viii.,  No.  1,  Jan.,  1910,  p.  22.     (J.  A.  \Y.) 

METALLURGY. 

Cyanide  Treatment  of  Slime. — "I  was  much 
interested  in  reading  in  the  first  number  of  this 
Society's  proceedings  a  paper  by  Mr.  Ferdinand 
McCann  relating  to  what  he  has  termed  the  'Dilu- 
tion' system  of  slime  treatment,  for  he  has  practic- 
ally described  the  treatment  which  has  for  some 
years  been  advocated  by  Mr.  W.  Leonard  Holms  and 
myself,  though  in  the  apparatus  we  have  designed 
for  the  purpose  we  carry  the  system  rather  further 
than  Mr.  McCann  suggests. 

In  1903  we  first  patented  our  separator,  which  had 
for  its  object  the  satisfactory  separation  of  cyanide 
solution  from  slime  after  agitation,  by  the  continu- 
ous removal  of  the  lower  layer  of  settling  slime 
from  a  vessel  into  which  slime  pulp  was  continuously 
running,  clear  liquor  being  allowed  to  overflow  from 
an  annular  ring  around  the  top  of  the  vat.  The 
thick  slime  removed  from  the  first  separator  was 
diluted  by  mixing  with  weaker  barren  solution  and 
then  run  into  another  separator,  where  the  operation 
of  removing  a  thick  pulp,  etc.,  was  repeated. 
Following  this  another  or  several  more  separators 
could  be  used  if  desired,  the  process  being  a  con- 
tinuous one. 

Since  then  several  improvements  have  been  made 
in  the  machine  and  three  separators  are  now  being 
installed  at  the  'El  Bote'  Mining  Co.'s  plant  in 
Zacatecas. 

As  the  process  has  been  carried  rather  fart  her  than 
Mr.  McCann  suggested,  perhaps  a  short  description 
of  the  separator  plant  might  be  of  interest. 

The  separator  consists  of  an  ordinary  cylindrical 
vat,  around  the  central  axis  of  which  revolves  a 
hollow  cylindrical  shaft,  which  carries  at  its  lower 
extremity  two  or  more  strongly  built  arms,  to  the 
under  sides  of  which  are  affixed  blades,  in  such  a 
manner  that  when  the  shaft  is  revolved  the  blades 
continually  push  the  thick  bottom  layer  of  slime 
towards  the  centre. 

Passing  down  the  centre  of  the  vat  inside  the 
hollow  shaft  is  an  iron  casing  containing  two  screw 
conveyors  whose  flights  are  internieshed,  the  screws 
revolving  in  opposite  directions.  The  lower  Sights 
of  these  screws  are  exposed,  since  the  casing  does 
not  extend  quite  to  the  bottom  of  the  vat.  Conse- 
quently the  thick  slime  pushed  in  by  the  blades  is 
forced  against  the  lower  (lights  of  the  conveyor 
screws,  and  by  them  conveyed  up  the  casing  and 
discharged  at  the  top  of  the  vat.     The  slime  as  it 
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leaves  the  top  of  the  casing  appears  somewhat  like  a 
large   sausage,   and   it   contains   from   26%    to    3u 
moisture. 

The  strain  on  the  arms  is  of  course  great,  and  they 
are  tlierefore  strongly  built  to  resist  the  torsional 
strain  and  at  the  same  time  to  cut  through  the  dense 
slime  as  far  as  possible.  The  speed  of  these  anus. 
however,  is  so  slow  (about  1  revolution  per  minute) 
that  the  actual  HP  required  is  very  small,  being  in 
the  neighbourhood  of  1/50  HP  per  ton  of  slime  per 
day. 

The  extraction  of  values  will  of  course  be  very 
much  greater  than  in  the  case  given  by  Mr.  Mc(  'aim, 
assuming  that  the  pulp  is  diluted  to  the  same  extent 
as  he  dilutes  it,  since  the  amount  of  liquid  left  in  the 
slimes  after  removal  from  each  separator  is  only 
about  one-third  of  what  would  be  present  when 
removing  a  55%  moisture  slime. 

In  our  separator,  however,  we  still  further  reduce 
the  amount  of  value  removed  with  the  slime  by 
allowing  replacing  solution  to  enter  the  vat  a  little 
above  the  bottom,  so  as  to  form  a  zone  of  liquor 
through  which  the  settling  slime  particles  have  to 
pass  before  reaching  the  bottom  of  the  vat.  If  a 
dense  salt  solution  were  used  a  very  complete  wash- 
ing of  the  settling  particles  could  in  tins  way  be 
obtained,  but  as  in  practice  weak  cyanide  solution  or 
water  will  generally  be  employed,  a  certain  amount 
of  diffusion  takes  place,  and  the  amount  of  original 
solution  displaced  is  not  so  great  as  it.  otherwise 
would  be.  At  the  same  time,  as  a  considerable 
portion  of  the  removed  moisture  consists  of  replacing 
solution,  quite  a  remarkable  saving  is  thus  effected. 

By  a  simple  automatic  device  the  amount  of 
replacing  solution  which  enters  the  zone  is  equiva- 
lent to  the  amount  of  moisture  which  passes  out 
with  the  removed  slime,  so  that  if  the  latter 
increases  the  amount  of  replacing  solution  is  increased 
and  vice  versa. 

As  Mr.  McCann  suggests,  there  is  no  need  to  pre- 
cipitate completely  all  the  solutions,  and  there  are 
several  ways  of  arranging  the  How  of  solution  so  as 
to  obviate  this  necessity. 

In  our  separator  plant  water,  to  replace  that 
which  goes  away  as  moisture  in  the  finally  removed 
slime,  and  that  which  is  lust  by  evaporation,  is  only 
added  to  the  replacement  zone  in  the  last   separator. 

There  is  one  point  in  connection  with  this  method 
of  treatment  which  I  think  Mr.  McCann  has  not 
mentioned.  This  is  the  fact  that  in  the  treatmen! 
of  the  majority  of  ores,  agitation  with  only  one 
solution  usually  produces  an  inferior  extraction  of 
values  compared  to  that  obtained  when  successive 
fresh  solutions  are  used.  It  is  true  that  there  is  but 
little  agitation  of  the  slimes  between  each  separa- 
tor, but  stilt  it  is  mixed  with  fresh  solution  and  in 
passing  through  the  separators  receives  a  certain 
amount  of  treatment,  the  beneficial  elicit  of  which 
should  not  be  overlooked. 

L.  Mennell  :  The  use  of  the  proposed  dilution 
system  alone  however,  that  is  without  conjunction 
with  vacuum  filter  methods  to  complete  the  wash 
rag,  as  proposed  by  Mr.  McCann,  and  using  the 
Don-  Thickener  diminishing  the  moisture  in  the 
pulp   to  only    ~<~>"/0    I  do  not    consider   any  improve 

nt    upon   the   best   vacuum   filter   practice.     The 

frequently  imperfect  washing  of  tin'  cakes  in  the 
latter  process  is  a  source  of  undoubted  loss, 
sometimes  too  considerable  to  overlook.  Any 
new  process  which  will  diminish  or  eliminate 
this  loss  is  cordially  welcomed.     The  economy  and 

despatch  however  with  which  the  vacuum  lill.i 
process  is  operated   as   also  the  miiiII  bulk  of  '  wash 


solutions'  required  to  be  sent  to  the  precipitation 
boxes,  make  it  a  very  practicable  and  cheap  system 
for  extracting  the  valuable  solutions  from  the  slime. 
This  is  indeed  so  much  so  that,  notwithstanding  the 
small  lo-ses  in  washing  the  cakes  of  som ;  very 
'slimey"  ores,  any  new  process  devised  to  displace 
the  vacuum  filter  method  must  also  involve  the 
handling  of  small  amounts  of  solution  for  washing, 
storage  and  precipitation,  or  the  advantages  reaped 
from  a  more  perfect  extraction  of  the  valuable 
solutions  will  be  more  than  offset  by  the  cost  of  mani- 
pulation, precipitation  and  loss  in  cyanide  itself. 

The  'principle'  involved  in  the  dilution  system, 
that  of  fractional  separations  of  the  '  mother  liquid  ' 
by  repeated  operations  of  thickening  and  dilution  on 
the  slime  associated  with  it,  each  operation  leaving 
less  valuable  solution  in  the  pulp,  is  undoubtedly 
s  Hind.       Unfortunately,  however,  its   application    for 

the  thorough  and  final  washing  of  the  exhausted 
slime,  using  even  the  best  thickener  yet  tried  in 
practice — the    Dorr— necessitates    the    handling     of 

enormous  amounts  of  cyanide  solution  in  the  dilution 
operations  :  and  it  is  precisely  the  difficulties  and 
cost  of  manipulation  of  these  heavy  tonnages  of 
solution,  the  precipitation  of  their  low  grade  values, 
the  storage  of  the  various  grades  of  cyanide  wash 
solutions  and  the  loss  of  cyanide  by  discharge  of 
nearly  an  equal  weight  of  weak  cyanide  solution  to 
each  ton  of  slime,  which  constitutes  the  draw-backs 
to  the  use  of  the  dilution  method  and  inferiority  to 
the  vacuum  filter  plant. 

The  scheme  of  operations  favoured  by  Mr.  Met 'ami, 
which  however  in  my  opinion  does  not  do  full  justice 
to  the  process  he  advocates  as  I  will  show  below, 
requires  an  enormous  tonnage  of  wash  solutions  to  be 
constantly  as  above-mentioned  manipulated,  and  a 
most  careful  supervision.  After  discharge  from  the 
agitation  tanks  and  thickening  by  passage  through 
the  first  Dorr  Thickener,  the  pulp  containing  55° 
cyanide  solution  is  then  diluted  and  thickened  again 
twice,  using  the  following  tonnages  of  diluent  solu- 
tion: 1st  dilution — 541)  tons  cyanide  solution  with 
each  5ii  tons  of  dry'slime  amounting  to  11  tons  of 
solution  per  ton  of  dry  ore  ;  -2nd  dilution— 549  tons 
of  weak  Wash  solution,  to  the  same  tonnage  of  dry 
slime,  equal  to  a  1  1  tons  more  of  diluent  per  ton  ore. 

There  is  thus  used  in  the  scheme  by  Mr.  McCann 
roughly  some  22  tons  (!  !)  of  diluent  cyanide  solution 
per  ton  of  dry  slime  in  the  dilution  washing  system, 
and  this  oi  course  in  addition  to  the  tonnages 
required  to  be  handled  in  the  milling  and  cyanide 
agitation  operations.  This  22  tons  of  diluent  amounts 
in  a  plant   treating  300  tons  per  day  to  some  6,600 

tons  of  Solution  to  be  pumped  about,  stored  and 
approximately  one  half  of  it  daily  passed  through  the 
zinc  boxes  for  precipitation  (! !)  Supposing  the  mill 
were  crushing  with  In  of  weak  solution  per  ton  of 
ore  (not  considering  the  tatter's  moisture),  the 
cyanide  operations  performed  with  :;  of  strong  solu- 
tion to  one  of  slime.  Dorr  Thickeners  used  both 
before  cyaniding   and   alter,   and    then    the    above 

scheme  of  dilution  separation  for  extracting  the 
values  employed  :  the  total  tonnage  of  solution  to  be 
handled  per  ton  ore  would  amount    to  about    35   tons 

•  in  tons  to  mill,  D78  tons  to  cyanide  agitation 
iaiiks:  10-98  tons  to  1st  Dorr  discharged  pulp,  bins 
tons  to  ond  Dorr  discharged  pulp  and  I  ■■_'_'  of  water 
into  the  system,  equal  in  total  to  34*96  tons)— This- 
means  upon  a  300  tons  per  day  plant  that  about 
10,500  tons(!   !)  require   to  be  pumped   and   in   the 

neighbourh I    oi     1,500    ton-    of    solution    passed 

through  the  precipitation  boxes:    This  will  be 

to  be  an  excessive  amount,  just  aboul   in  face  twice 
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the  tonnage  required  where  a  vacuum  filter  plant  is 
used.  It  is  absolutely  necessary  to  pass  the  above 
large  amount  of  solution  through  the  precipitation 
boxes  also,  otherwise  its  efficiency  as  a  diluent  ceases 
and  the  object  of  the  process  is  defeated.  The 
greater  part  of  this  solution  would  be  strong,  and  in 
its  passage  over  the  zinc  cause  an  excessive  consump- 
tion of  this  metal. 

One  of  the  disadvantages  of  Mr.  McCanivs  system 
is  that  the  pulp  as  finally  discharged  from  the  last 
Dorr  Thickener  contains  55%  moisture  as  cyanide 
solution.  This  solution  would  doubtless  in  practice 
be  of  a  strength  of  from  "05%  to  "12%  ;  and  the  loss 
one  ton  of  this  per  ton  of  dry  slime  means  -a  cost  of 
from  500  gm.  to  1  2  k.  of  cyanide,  worth  from  35  cents 
to  84  cents  ( Mex. )  per  ton  of  slime.  This  is  a  consider- 
able loss  and  is  really  equivalent  to  leaving  in  the  cakes 
some  18  gm.  to  25  gm.  of  soluble  silver,  per  ton  of 
dry  cake,  using  the  vacuum  filter  process.  The  latter 
value  would  be  very  bad  work  for  any  modern  effici- 
ently equipped  vacuum  filter  plant,  working  upon 
ores  of  ordinary  value,  but  the  loss  of  equivalent 
value  in  cyanide  of  potassium  by  the  dilution  process 
as  outlined  by  Mr.  McUann  would  be  very  possible. 
Of  course  when  first  operations  began,  with  water  as 
the  last  diluent,  this  would  not  be  the  case  ;  but  the 
percentage  of  cyanide  in  the  diluent  would  rapidly 
creep  up  and  be  only  arrested  at  the  cyanide  strength 
of  the  mill  solutions.  The  addition  of  one  ton  of 
water  per  ton  of  slime  daily-  (the  difference  between 
55%  moisture  as  discharged  and  the,  say,  5%  con- 
tained in  the  original  ore) — to  keep  up  the  volume  of 
the  solutions,  would  have  no  washing  effect  when 
added  to  so  much  diluent  to  be  even  considered.  It 
is  no  argument  for  this  dilution  system,  when  the 
above  losses  of  cyanide  are  incurred,  to  compare  it 
favourably  with  those  resulting  in  the  decantation 
system  still  unfortunately  in  use  on  some  plants. 
The  losses  however  in  the  latter — now  out-of-date 
system — are  a  very  excellent  reason  for  the  imme- 
diate adoption  of  a  good  vacuum  filter  plant. 

As  has  been  however  above  said,  Mr.  McCann  does 
not  in  my  opinion  do  justice  to  the  process  he 
advocates.  He  favours  in  his  dilution  an  entirely 
excessive  proportion  of  10  of  solution  to  1  of  the 
liquor  associated  with  the  exhausted  slime.  This 
amounts  in  his  two  operations  of  dilution  and 
thickening  to  the  use  of  22  tons  of  diluent  per  ton  of 
dry  slime  as  above  shown.  It  the  value  of  the 
cyanide  solutions  before  commencing  these  two 
dilutions  were  100  gm.  of  silver  :  then  the  value  of 
the  solution  after  the  second  dilution  or  as  discharged 
would  be  only  1  gm.  Equally  good  'practical' 
results  might  have  been  obtained  by  the  use  of 
dilutions  of  S  of  diluent  solution  to  one  of  dry  slime — 
supposing  the  proportion  were  sufficiently  thin,  in  the 
case  of  any  particular  ore,  to  enable  '  easy  settling  ' 
in  the  Thickener),  but  with  the  operations  of  dilution 
and  thickening  repeated  four  funis  instead  of  twice 
only.  If  the  value  of  the  solution  were  as  before  : 
100  gm.  silver  per  ton  before  commencing  the  dilu- 
tions, then  after  these  four  dilutions  of  three  to  one 
of  slime  the  value  of  the  solution  as  discharged 
would  be  2-7  gm.  per  ton,  and  the  tonnage  of  diluent 
used  very  considerably  less,  amounting  to  only  7'1 
tons  of  diluent  solution  as  compared  with  Mr. 
McCann's  scheme  using  22  tons.  If  a  thickness  of 
pulp  of  3  tons  of  solution  to  one  of  ore  were  unsuit- 
able for  good  settling  with  some  ores,  then  in  those 
cases  more  diluent  would  have  to  be  used,  in  no  case 
exceeding  4  tons  to  one  of  ore.  Pulp  of  a  thickness 
of  3  to  one  of  ore  however,  will  usually  settle  all 
right,  and  consequently,  4  dilutions  to  pulp  already 


containing  l-22  tons  of  solution — (or  55%  moisture) 
needs  the  adding  of  only  four  times  1*78  tons  or  7'1 
tons  in  total  for  the  whole  four  dilution  operations. 
Such  a  considerably  lessened  tonnage  of  diluent 
solution  to  handle  makes  the  system  much  more 
economical.  Moreover  the  addition  of  one  ton  of 
wash  water  to  the  last  (1*78  tons)  dilution  will  be  of 
real  help  in  keeping  the  cyanide  of  potassium  loss 
small  and  as  a  more  efficient  Mash  to  the  slime  for 
its  silver  values  also.  Indeed  fractional  separation 
or  washing  is  always  more  efficacious  when  performed 
a  greater  number  of  times  with  small  dilutions — 
(greater  however  than  the  liquid  to  be  diluted),  than 
by  using  large  dilutions  once  or  twice  only. 

The  process  is  by  no  means  new.  Messrs.  Leonard 
Green  and  Leonard  Holms  some  years  ago  invented 
a  thickener  with  the  precise  object  of  separating  the 
valuable  solutions  from  the  slime  by  this  dilution 
system.  Their  thickener  has  never  been  tried  on  a 
large  scale  however,  but  tests  which  I  made  3  years 
ago  upon  a  100  kilo  model,  in  conjunction  with  Mr. 
Green,  showed  the  pulp  thickened  to  about  28% 
moisture  or  having  about  the  consistency  of  sausage. 
I  believe  that  this  thickener  would  give  much  better 
results  for  the  operation  of  this  dilution  system  of 
extracting  the  values  from  the  pulp,  for  the  reason 
that  each  dilution  given  would  be  much  more  effec- 
tive, indeed  about  twice  as  effective  as  when  diluting 
the  thinner  pulp  from  the  Dorr  apparatus.  Using 
this  thickener,  should  it  give  a  pulp  in  practice  of 
only  28%  moisture  as  above  mentioned  in  experiments 
on  a  small  scale,  one  ton  of  dry  slime  would  thus 
only  contain  some  0'4  tons  ot  cyanide  solution.  It 
would  thus  be  only  necessary  to  give  two  dilutions  of 
three  of  solution  to  one  of  dry  slime,  using  the  Green 
and  Holms'  thickener,  to  get  the  value  of  the  solu- 
tion assaying  100  gm.  of  silver  as  before,  down  to  a 
value  of  1*7  gm.  (!  !)  This  would  be  a  very  good 
practical  result  and  the  solution  required  to  be 
handled  as  diluent  would  only  amount  to  2"6  tons  in 
each  dilution  or  5  2  tons  in  all  per  ton  of  slime.  The 
results  which  this  thickener  will  give  in  practice  are 
therefore  to  be  awaited  before  the  adoption  of  this 
dilution  system  can  be  recommended.  If  it  will 
really  give  in  practice  a  pulp  with  only  28%  or  30% 
'  moisture,'  then  it  will  make  very  economical  and 
efficient  this  dilution  system  for  the  extraction  of  the 
values  from  the  exhausted  pulp.  Meanwhile,  the 
Dorr  thickener  it  has  been  shown,  necessitates  the 
handling  of  such  large  quantities  of  solution,  that  it 
would  not  be  economical  to  apply  the  process  com- 
pletely but  could  only  be  done  partly,  for  instance 
with  one  dilution  of  3  of  solution  to  one  of  ore,  and 
the  use  of  vacuum  filters  to  complete  the  washing." — 
L.  M.  GREEN  and  L.  Menxell.—  Institutio  Mexicano 
de  Minos  y  Metalurgia,  Oct.,  1909,  p.  50.  (H.  A.  W.) 


Modern  Cyanide  Practice  and  Machinery. — 
Notwithstanding  the  widespread  development  the 
cyanide  process  has  undergone  since  its  successful 
debut  at  the  Robinson  Mines,  the  chemistry  of  the 
process  has  undergone  little  change.  The  Robinson 
plant  consisted  of  a  circular  wooden  solution  tank, 
containing  a  025  per  cent,  solution  of  potassium 
cyanide,  which  was  connected  by  piping  with  a 
wooden  percolation  tank,  into  which  the  tailings 
were  dumped  for  treatment,  and  a  sump  tank,  where 
the  auriferous  solutions  were  stored  before  being 
treated  in  the  zinc  precipitation  boxes. 

The  cyanide  practice  at  the  most  modern  mill  on 
the  Transvaal  cr  Nevada  goldfields  does  not  differ 
in  jmnciple  from  that  of  the  early  Robinson 
plant  treatment.     Weaker  cyanide  solutions  are  now 
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used,  and  in  a  few  instances,  other  chemicals  are 
added  to  the  cyanide  solution  to  counteract  the  bad 
effect  of  harmful  minerals  dissolved  with  the  gold 
from  the  ores  by  the  cyanide  solution.  But  while 
the  chemistry  of  the  process  has  not  changed,  the 
detailed  treatment  has  been  revolutionized  during 
the  past  few  years. 

Cyanide  vats  are  now  constructed  on  a  large  scale 
of  steel  and  concrete,  in  place  of  the  small  wooden 
tanks  used  in  former  years.  They  are  elaborately 
furnished  with  automatic  machinery  and  appliances 
for  charging  and  discharging  the  tailings,  and  for 
handling  the  various  solutions.  These  development* 
have  resulted  in  reducing  the  time  occupied  in 
getting  the  gold  into  solution  to  a  minimum,  and, 
consequently,  in  lowering  treatment  costs  to  very 
moderate  figures. 

Fine  Grinding. — It  is  essential  for  rapid  treatment 
that  the  cyanide  solution  be  brought  into  direct 
contact  with  the  gold.  This  can  only  be  done  by 
crushing  the  auriferous  material  as  finely  as  possible. 
This  was  formerly  done  in  stamper  batteries  and 
grinding  pans.  The  coarse  gold  was  extracted  by 
amalgamation  on  copper  tables,  and  by  re-grinding 
the  sands  in  fine  crushing  pans.  Fine  grinding  is 
to-day  done  in  a  variety  of  mills  of  large  capacity. 

Agitation  and  Aeration. — In  order  that  the  gold 
in  a  finely  ground  product  from  tube,  or  other  fine- 
grinding  mills,  may  be  quickly  brought  into  contact 
with  the  cyanide  solution,  it  is  necessary  to  agitate 
the  solution  tanks.  This  is  done  in  a  variety  of 
ways.  The  simplest  method  is  to  have  the  tanks 
equipped  with  a  revolving  spindle  furnished  with 
stirrers  or  paddle  bars.  The  Traylor  agitator,  made 
by  an  American  firm,  consists  of  a  tank  containing  a 
suspended  pipe  connected  with  the  discharging  orifice 
of  a  centrifugal  pump.  The  bottom  of  the  pipe  con- 
tains a  double  T  connection  fitted  with  four  smaller 
pipes  arranged  at  right  angles  like  the  spokes  of  a 
wheel.  These  small  pipes  contain  a  number  of  small 
jet  pipes  which  are  inclined  toward  the  bottom  of 
the  tank.  When  the  pump  is  set  in  motion  it  draws 
the  cyanide  solution  from  near  the  top  of  the  tank, 
through  a  small  valve,  and  forces  it  back  again  into 
the  tank  through  the  suspended  pipe  and  out  through 
the  jets  in  the  .smaller  pipes  at  the  bottom  of  the 
tank.  The  pressure  of  the  pulp  as  it  is  discharged 
from  the  jets  causes  the  agitator  pipe  arms  to  revolve 
slowly.  The  pulp  (lowing  from  the  jets  stirs  up  the 
puh)  clinging  to  the  tank  bottom.  This  is  a  simple 
and  effective  mechanism  for  agitating,  aerating,  and 
mixing  cyanide  solutions. 

For  dealing  with  large  quantities  of  cyanide 
solutions  an  appliance  known  in  Mexico  as  a 
l'achuca  tank,  and  in  Australia  as  a  'tall  tank 
agitator,'  is  largely  in  use.  It  consists  of  a 
cylindrical  iron  plate  tank  about  8  ft.  in  diametel 
and  35  to  40  ft.  in  height  with  conical  bottom.  A 
pipe,  having  a  diameter  of  \\  in.  for  each  foot  of 
diameter  of  the  tank,  is  suspended  in  the  centre  of 
each  tank.  The  top  of  this  pipe  is  open  and  reaches 
barely  to  the  top  of  the  tank.  A  small  air  pipe  is 
run  down  the  centre  of  the  suspended  pipe  as  tar  as 
the  bottom.  The  tank  is  filled  with  the  ground  ore 
and  cyanide  solution.  Air  is  pumped  into  the  small 
central  air  pipe  and  allowed  to  escape  at  the  bottom 
of  the  larger  suspended  pipe.  This  air  lightens  the 
water  column  inside  the  larger  pipe  and  causes  the 
solution  to  over-Mow  the  pipe  at  the  top  of  the  tank 
while  fresh  pulp  is  sucked  in  at  the  bottom  of  the 
suspended  pipe.  This  fresh  pulp  is  carried  up  the 
pipe  and  overllows  it.  In  this  way  there  is  a  steady 
circulation  kept  up  throughout  the  tank,  and  every 


particle  of  ore  is  constantly  turned  in  contact  with 
cyanide  solution  and  bubbles  of  air.  The  tanks  are 
automatically  discharged  at  the  bottom  by  flushing 
through  a  discharge  cock. 

Filtration.. — In  the  early  days  of  the  cyanide 
process  filtration  was  carried  out  almost  solely  by 
simple  percolation  in  wooden  tanks.  This  was  always 
a  slow  and  expensive  method  of  separating  the  gold 
solution  from  the  treated  material  ;  but  it  is  only 
recently  that  better  methods  have  become  available. 
Filter-pressing  was  first  profitably  tried,  and  later 
numeums  vacuum  filters  were  introduced  into  cyanide 
practice.  There  are  a  variety  of  such  filters  now  on 
the  market.  They  are  all  simple,  and  are  mostly  of 
large  capacity.  The  Butters  and  Moore  filters  are 
the  most  popular  ones  to-day.  Continuous  suction 
filters  of  the  Ridgeway  type  are  rapidly  coming  into 
favour. 

Several  modifications  of  the  Kidgway  filter  are  now 
on  the  market.  A  modification  made  by  \V.  A. 
Caldecott  is  in  very  successful  operation  at  the 
Simmer  Deep  mine  at  Johannesburg,  South  Africa. 

The  lining  Process. — An  important  improvement  in 
cyaniding  has  lately  been  patented  by  \V.  L.  Imlay, 
of  Philadelphia,  Pa.  In  the  Imlay  process  the  sands 
are  crushed  to  pass  a  150-mesh  screen  and  carried  to 
a  launder  Which  feeds  the  top  of  an  inclined  lixiviat- 
ing trough.  The  trough  is  from  150  to  200  ft.  in 
length  and  contains  a  number  of  rolls  and  iron 
plates.  When  the  pulp  is  fed  at  the  lop  of  the 
trough  it  falls  by  gravitation,  and  passes  through 
the  rolls  and  over  the  iron  plates.  There  an-  about 
50  plates  and  the  same  number  of  rolls.  Each 
alternate  plate  is  heated  by  steam.  The  rolls  are 
revolved  by  sprocket  wheel  flanges  and  driving  chain. 
The  rolls  not  only  agitate  the  pulp  as  it  passes 
through  them,  but  develop  numerous  nubbles  in  the 
cyanide  solution  which  contain  air  with  sufficient 
oxygen  to  re-supply  continuously  the  excess  of 
oxygen  required  to  keep  the  cyanide  in  its  most 
active  condition. 

The  heating  of  the  alternate  iron  plates  is  an 
important  feature  of  this  process.  Every  other  plate 
has  a  water  back  on  the  under  side  so  that  steam 
can  be  admitted  to  heat  a  section  across  the  width 
of  the  plate.  The  admission  of  steam  i<  controlled 
by  a  valve.  The  steam  enters  on  one  side  and  dis- 
charges on  the  opposite  side,  and  can  be  regulated 
to  suit  requirements. 

By  the  time  the  cyanide  and  pulp  have  passed 
down  the  150  ft.  of  the  Li  xi  viator  trough  all  the  values 
have  been  dissolved  in  the  cyanide  solution.  The 
solution  and  the  pulp  leave  the  lixiviator  at  the  lower 
end  and  enter  a  distributing  launder.  This 
launder  can  be  tilted  so  as  to  deliver  into  either  one 
of  two  or  more  sand  tanks.  The  cyanide  ami 
pulp  flow  from  t  he  lixiviator  to  tin'  launder,  then  to  a 
sand  tank  where  all  the  sand  settles.  As  much 
more  solution  is  used  than  there  is  sand,  this  tank 
soon  overllows  through  a  pipe  into  a  slime  tank. 
Both  of  these  tanks  are  built  on  the  lateral 
filtering  plan,  the  slime  tank  having  a  filtering 
capacity  equal  to  the  discharge  over  the  lixiviator. 
From  the  time  the  cyanide  solution  starts  al  the  top 

of  the  lixiviator  and  dissolves  the  values  out  of  the 
ore,  is  Altered,  and  the   value-   are   deposited   in    the 

zinc    box,    ami     the     pump     has     returned     the 

solution  to  the  stock  tank  barely  10  minutes  elapse. 

This  being  a  one-solution  process  but  little  water 

is  required.     Storage  tanks  for  water,  weak,  medium, 

and  Btrong  solutions,  and  wash  water  are  not  needed. 

A  standard  strength  uf  solution,  and  full  quantity 
in  stock  tank  is  all  that  is  employed. 
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The  sand  tanks  are  emptied  by  any  of  the  usual 
methods."  —  A.  Selwyn-Brown.  —  Engineering 
Magazine,  Sept.,  1909,  p.  960.     (J.  A.  W.)  ' 


A  Simple  Identification  Test  for  Iron  and 
Steel. — Tup;  Spark  Test. — "  The  phenomenon  of 
of  the  production  of  sparks  in  the  grinding  of  iron 
materials  hy  means  of  emery  wheels  is  a  familiar  one. 
Depending  on  the  size  and  shape  of  the  metal  and  the 
pressure  between  the  metal  and  the  wheel,  the  sharp 
edges  of  the  emery  crystals  detach  chips  of  diffeient 
sizes  at  a  very  high  velocity,  which  are  raised  to  a 
red  heat  by  the  transformation  of  mechanical  into 
heat  energy.  The  path  described  by  the  glowing 
chip  from  its  origin  to  its  extinction  forms  a  line  of 
light,  which  may  be  called  the  spark  ray,  of  variable 
length  depending  on  the  mass  of  the  spark.  The 
size  of  the  spark  in  turn  depends  on  the  grain  of  the 
emery,  the  cutting  speed,  the  nature  of  the  metal, 
and  the  pressure  between  metal  and  wheel.  The 
initial  temperature  of  the  spark  is  influenced  princi- 
pally by  the  cutting  power  and  cutting  speed  of  the 
emery  wheel,  and  in  a  minor  degree  by  the  nature  of 
the  metal  to  be  ground. 

It  has  remained  for  Herr  Max  Bermann.  a  Buda- 
pest engineer,  to  observe  that  the  sparks  produced 
in  grinding  iron  materials  possess  uniformly  charac- 
teristic differences,  which  depend  upon  the  percent- 
age of  carbon  present  and  the  inclusion  of  alloy  mat- 
erials in  the  metal.  He  suggests  the  spark  test  as  a 
simple  means  of  classifying  iron  and  steel  products 
of  various  compositions,  and  has  evolved  a  theory  of 
formation  which  seems  to  raise  his  suggestion  above 
the  plane  of  mere  speculation.  From  a  paper  read  at 
the  recent  Copenhagen  congress  of  the  International 
Association  for  Testing  Materials,  reprinted  in  The 
Iron  Age  for  September  23,  we  take  a  few  notes  of 
the  characteristics  of  sparks  of  various  steels,  an  out- 
line of  Herr  Bermann's  theory,  and  his  suggestions 
of  possible  applications  of  the  test. 

Examination  of  one  of  the  longer  spark  rays  of  a 
soft  steel,  or  wrought  iron,  shows  a  quite  fair  line  of 
light,  at  the  end  of  which  is  an  extended  drop, 
pointed  in  the  direction  of  flight.  The  heat  of  tins 
drop  formation  varies  between  a  bright  red  and  a 
white  glow  ;  (dose  observation  shows  that  this  pointed 
dark  red  end  is  extended  to  form  a  second  much 
smaller  drop.  At  the  broadest  point  of  the  first  drop 
formation,  where  it  is  of  a  white  heat,  pointed, 
prickle-like  lines  run  out  of  it  in  all  directions  with 
almost,  explosive  violence.  The  pointed  branching 
lines,  have,  in  the  lateral  projection,  a  forked  appear- 
ance, while  in  the  direction  of  their  flight  they  look 
as  if  rushing  from  a  very  brightly  glancing  knot 
shooting  forward  in  an  explosion  like  manner  and 
disappearing  in  a  moment. 

This  explosion-like  appearance  and  articulation  of 
the  spark  ray,  to  which  the  name  '  spark  picture " 
is  given,  is  different  for  different  kinds  of  iron, 
and  is,  in  fact,  characteristic  for  each.  For  all 
carbon  steels  the  spark  picture  is  a  tuft  of 
prickle-like  lines.  Steel  with  0*07%  to  0*08 
carbon  shows  two  or  three  lines  which  appear  to 
start  from  different  points  of  the  shining  drop. 
The  number  of  branching  lines  increases   with  the 

fiercentage  of  carbon.  At  0"25%  to  0*28%,  a  crowd  of 
ines  appear  to  spring  from  a  common  point  of  the 
drop,  and  with  still  larger  percentages  the  lines  are 
proportionately  more  closely  crowded  over  a  larger 
part  of  the  drop.  The  spark  picture  of  crucible  cast 
steel  resembles  the  branch  of  a  blossom  and  the 
individual  branching  lines  have  a  lilac-like  form. 


From  the  number  of  prickle  lines  in  the  spark  for- 
mation, therefore,  the  percentage  of  carbon  in  steel 
can  be  estimated  and  the  different  kinds  of  steel  dis- 
tinguished. The  addition  of  other  elements  to  the 
steel  introduces  variations  in  the  spark  from  which 
the  various  alloy  steels  can  be  no  less  easily  recog- 
nised. The  presence  of  manganese  is  especially  easy 
of  detection.  In  the  spark  picture  of  manganese 
steel  the  individual  branching  lines  are  no  longer 
pointed  but  in  each  case  show  a  second  explosion-like 
phenomenon,  shorter  lines  collecting,  like  leaves 
around  a  central  point.  The  extent  and  shape  of 
the  spreading  ends  of  the  primary  branching  lines 
appear  to  stand  in  connection  with  the  percentage  of 
manganese  in  the  steel,  the  number  of  primary  lines 
still  indicating  the  carbon  content.  In  the  case  of 
tungsten  steel,  the  spark  rays  are  dark-red,  hatch- 
stroked  lines  which  show  little  tendency  to  produce 
a  spark  picture  until  the  steel  is  pressed  hard  against 
the  emery.  When  the  pressure  is  sufficient,  the 
drop  formation  appears  at  the  end  of  the  spark  rays 
and  out  of  it  spring  the  branching  lines  ;  in  this  case 
the  ends  are  neither  pointed  nor  leafy,  but  take  the 
forms  of  little  shining  balls  which  seem  to  be  pro- 
jected out  of  the  drop,  the  branch  lines  being  scarcely 
visible.  The  combination  of  spark  rays  and  spark 
picture  of  chrome-tungsten  steels  is  characterised  by 
two  kinds  of  ray,  very  thin  dark  red  and  thicker 
brick  red,  which  are  absent  in  the  case  of  simple 
tungsten  steel.  The  spark  picture  of  these  high- 
speed steels  consists  solely  of  short  curved  drop  for- 
mations ;  the  long  needle-shaped  lines  with  clubbed 
ends  which  sometimes  appear  may  be  taken  to  indi- 
cate the  presence  of  a  subsidiary  alloy  metal.  Nickel 
steels  shows  a  spark  picture  similar  to  that  of  carbon 
steel,  but  without  the  regularity  of  the  latter.  The 
sporadic  manner  in  which  the  spark  picture  ajrpears 
is  the  distinguishing  characteristic  of  the  spark  test 
for  nickel  steel.  The  spark  pictures  of  the  various 
kinds  of  cast  iron  are  as  easily  distinguished  as  those 
of  the  various  steels. 

Herr  Bermann's  theory  of  the  spark  phenomena  is 
based  on  two  facts  of  which  his  observations  have 
given  ample  proof.  These  are  :  '  (1)  at  a  certain 
point  in  its  line  of  flight  the  red  hot  spark  assumes  a 
yellow  heat;  it  then  readies  a  white  heat,  thereby 
transforming  itself  in  an  explosion-like  manner  into 
the  spark  picture  ;  (2)  at  the  moment  of  its  explosion- 
like transformation  the  spark  is  in  a  fluid  state.  The 
increase  of  heat  of  the  spark  (where  an  extinction 
due  to  rapid  cooling  would  more  reasonably  have 
been  expected)  is  caused  by  an  internal  source  of 
heat,  represented  on  the  one  hand  by  the  transforma- 
tion heal  of  the  amalgamated  carbon  at  the  critical 
temperature  produced  by  cooling,  and  on  the  other 
by  the  combustion  heat  of  the  transformed  carbon 
which  in  the  status  nqscens  suddenly  burns.  The 
heat  of  oxidation  of  the  exterior  surface  of  the  mass 
of  sparks  acts  in  opposition  to  the  too  rapid  cooling 
of  the  spark.  The  quantity  of  oxygen  necessary  tor 
the  combustion  of  the  carbon  is  now  supplied  by  the 
crust  of  black  oxide  of  iron  which,  up  to  the  point  of 
critical  temperature,  has  been  formed. 

'  The  heat  of  combustion  of  the  carbon  constituent 
provides  the  quantity  of  heat  necessary  for  the  fusion 
of  the  mass  of  sparks.  As  a  matter  of  fact,  however, 
this  heat  is  not  sufficient  to  melt  the  whole  mass, 
because  the  amount  of  carbon  is  too  small.  A  melt- 
ing of  the  spark  takes  place  when  the  mass  of  the 
unoxidised  core  within  the  oxidised  iron  crust  is 
small  enough  to  be  melted  by  the  quantity  of  heat 
available.  In  t  his  case  the  combustion  gases  of  the 
amalgamated  carbon   burst  the   outer   crust    of  the 
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spark  mass  and  thrust  out  the  fluid  contents  in  the 
direction  of  the  primary  branching  lines.  The  silicon 
and  phosphorus  therein  contained  also  burn  at  the 
melting  heat  of  the  iron  and  raise  the  temperature  of 
the  fluid  mass.  From  this  explanation  it  follows  that 
the  size  of  the  fusible  spark  increases  with  the  per- 
centage of  amalgamated  carbon,  while  the  quantity 
of  the  fluid  core  and  the  tension  of  the  combustion 
t/ases  are  correspondingly  greater  and  the  blanching 
lines  more  numerous. 

'The  practical  applicability  of  the  spark  test  is 
manifold.  The  most  important  instances  of  it  may 
lie  shortly  given  as  follows  :  — 

'  1.  The  classification  of  the  different  kinds  of  iron 
in  accordance  with  'percentage  of  carbon'  and 
'  principal  alloy  metal."  The  ends  of  rods  which  may 
eventually  have  been  wrongly  arranged  in  the  storing 
rooms  of  the  iron  working  industries  are  made  to 
bear  against  the  revolving  emery  wheel.  The  shape 
of  the  spark  picture  gives  unerring  indication  of  the 
kind  of  iron  to  which  the  roil  in  question  belongs. 
Pointed  branching  lines  in  the  spark  picture  denote 
carbon  steel — e.g.,  Siemens-Martin  steel  :  leafy  ends 
of  the  branching  lines  a  manganic  steel  (Siemens 
Martin  steel  with  larger  percentage  of  carbon). 
Spark  pictures  with  a  blossom  branchlike  arrange- 
ment indicate  ordinary  tool  steel;  dark  red  stroked 
spark  rays  and  shining  points  and  little  balls  thrown 
out  of  the  drop  formation,  tungsten  steel  ;  two 
different  kinds  of  spark  rays  of  dark  red  and  brick 
red  colour,  respectively,  with  short  unarticulated 
drop  formation,  high  speed  steel  with  chrome  and 
wolfram  as  alloy  elements  ;  when  explosion-like 
articulation  is  present,  a  secondary  alloy  metal 
(molybdenum,  vanadium  or  titanium)  is  in  question. 

'  2.  The  spark  test  is  so  sensitive  that  it  gives 
strikingly  clear  indication  of  a  difference  of  0'01%  of 
carbon.,  and  it  accordingly  offers  a  very  simple  and 
rapid  check  on  the  chemical  analysis  in  regard  to  the 
amalgamated  carbon  in  steel,  and  also  forms  a  suit- 
able check  on  the  Siemens-Martin  process  (in  place  of 
the  forge  test),  particularly  when  analysed  standards 
are  made  use  of  foi  comparison.  The  assay  sample 
is  chilled  and  the  sparks  compared  with  those  of  the 
standard.  The  carbon  in  the  charge  is  then  increased 
or  lessened,  according  to  the  differences  which  show 
themselves. 

'3.  [n,  the  purchase  of  different  kinds  of  iron  the 
spark  test  supplies  a  sure  means  of  excluding 
material  which  (Iocs  not  comply  with  the  conditions. 
When  a  suitable  sample  h  available,  it  is  only  neces- 
sary for  the  testing  official  to  satisfy  himself  of  its 
identity  with  the  material  offered  by  comparison  of 
the  spark  pictures.  The  material  for  quality  tests 
is  chosen  from  charges  which  give  spark  pictures 
identical  with  those  of  the  samples,  and  from  those 
of  which  the  spark  picture-  show  considerable  differ- 
ence. At  the  test  these  latter  will  show  themselves 
as  not  in  accordance  with  the  conditions. 

'  1.  The  spark  tesl  supplies  a  very  sensitive  means 
of  establishing  with  certainty  any  differences  there 
may  be  in  the  chemical  composition  at  differenl 
points  in  the  iron  product,  and  also  in  finished 
objects  and  structural  parts. 

.  '  .1.  The  spark  sheaf  ami  the  spark  pictures  pro- 
vide -the  possibility  of  at  once  determining  whether 
a  cast  iron  i-  gray  or  white,  and  also  of  distinguish- 
ing shades  of  difference  in   the   individual   varieties. 

Fine  dark  red  spark  rays,  spark  pictures  here  and 
there,  and  lines  collecting  round  the  drop  formation 
like  a  net ,  formed  by  t he  leaf  like  ait iculai  ion  line-. 
denote  black  or  very  dark  gray  cast  iron  :  -park 
pictures    corresponding   with   manganic  steel,  gray 


cast  iron.  The  netlike  lines  retreat  more  and  more 
with  the  increase  of  the  assimilated  carbon,  and  with 
light  gray  cast  iron  they  disappear  altogether. 

'6.  in  shop  work  the  -park  test,  when  once  intro- 
duced, is  nut  easily  done  without.  In  the  hardening 
room  counsel  is  taken  with  the  spark  prior  to  the 
hardening  of  the  tool-  (which  are  to-day  made  of 
steel  of  the  most  varied  kinds),  to  avoid  the  occur- 
rence of  gross  mistake-  in  the  hardening  temperature 
applied.  The  wire  for  the  manufacture  of  different 
spiral  springs  is  likewise  examined  with  the  emery 
wheel,  to  see  whether  it  has  the  degree  of  hardness 
and  other  properties  suitable  to  the  purpose  in  view. 

"In  the  forge  the  spark  is  applied  to  the  distinc- 
tion of  good  malleable  wrought  iron  from  such  as  is 
difficult  to  weld.'"— Max  BeRMANK— International 
Association  for  Testing  Materials.  —  The  Engineering 
Magazine,  Dec.,  1909,  pp.  262-265.     (J.  A.  YV.i 
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Ferro-Manganese  in  the  Blast   Furnace. 

■"In  an  article  in  Stahl  und  Ei-scn  for  duly  21,  <>. 
Hold  communicates  some  results  of  experiments 
made  by  Josef  Jakobi  at  Olchowaja,  South  Russia, 
on  the  production  of  ferro  manganese  in  the  blast 
furnace.  This  is  a  branch  of  iron -works  practice  of 
which  the  literature  is  exceedingly  scant  ;  in  addi- 
tion to  the  interest  which  attache-  to  the  record  of 
remarkably  successful  results,  the  infrequency  of 
such  detailed  communications  as  Heir  Hold's  lends 
a  special  interest  to  his  report  of  the  Olchowaja 
experiments. 

Two  ores  were  available    for  the    experiments 
the  following  compositions  : 

Per  cent 

Manganese  ...  51 '60 

Iron         ...  1*45 

Phosphorus  ...  0'173 

Silica  ..  ...  7  Sd 

Alumina  ...  ...  1  "12 

Lime  ..  1'80 

Magnesia...  ...  2*18 

Baryta     ...  ...  220 

The  ores  were  washed  almost  entirely  free  of  dust, 
in  older  to  prevent  loss  of  manganese  in  the  form  of 
loose  dust.  Being  rich  in  manganese  and  low  in 
silica,  they  were  of  first-class  quality  for  the  purpose, 
although  the  percentage  of  phosphorus  was  rather 
high.  The  maximum  phosphorus  content  of  the 
ferro-manganese  had  to  be  kept  down  to  ti  in  .  so 
that  only  a  small  amount  of  ore  No.  II  could  be 
used. 

The  desired  percentage  of  manganese  in  the  pro- 
duct was  set  at  not  less  than  77  .  It  was  calculated 
that  70  of  the  manganese  in  the  charge  would  be 
recovered,  and  that  the  coke  consumption  would  be 
2*5  tons  per  ton  of  ferro-manganese.  The  man- 
ganese content  of  the  charge  was  fixed  at  s.'i  :  the 
charge  itself  was  made  up  as  follows:  ore  No.  I. 
12,960  lbs.  ;  ore  No.  II.  3,240  lbs.;  hematite.  360 
lbs. ;  limestone,  5,400  lbs.;  and  coke.  18,000  lbs. 
Of  the  manganese,  70  was  to  go  into  the  product, 
and  in  into  the  slag ;  20  was  allowed  for  In—  in 
dust  and  by  volatilisation.  The  desired  proportion 
of  iron  in  the  ferro-manganese  was  set  at  about 
10"5      :    in      wa- allowed  f'nr  loss  (1f  iron    in    slag  and 

dust.      With  reference  in  tl iher  element-,  silicon. 

phosphorus   and   carbon,   the  charge    wa-    calculated 

so  that  the  final  product  should  contain  :  manganese, 
s::  ;  inm,  liio  :  silicon,  f'O  ;  phosphorus,  0  I  : 
and  carbon,  5-5  I'll"  yield  expected  from  the 
charge  was  7,20U  lbs.  of  ferro  manganese,  and  T -<►'*' • 
lbs.  of  slag  (about  106    of  the  yield  of  alloy),  of  the 
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following  composition  :  silica,  26 '8%  ;  ferrous   oxide, 
1*4%  ;  manganese  oxide,  1^'3%  ;  alumina,  9*0%  ;  lime, 
36'7%  ;  magnesia,  5.7%  ;  and  calcium  sulphide,  12-6%. 
The  runs  were  made  in  an  old   furnace   with  four 
6-in.  tuyeres.     The  blast  was  heated  in  four  Cowper 
stoves  to  a  uniform  temperature  of  950°  C.     Previous 
to  making  the  runs  for  ferro-manganese,  the  furnace 
was  used  for  several  days  to  smelt  hematite  and  to  pro- 
duce 20%  spiegeleisen.     Thirty-six  hours  after  charg- 
ing, an  alloy  with  77  "8%   manganese   was  obtained. 
When  the  manganese  had   reached   81%,    the   inter- 
mediate iron,  containing  on  an  average  58"7%  man- 
ganese, was  remelted  with  the  charge.     The   man- 
ganese content  of  the  final  product   varied   between 
78  and  83%. 

"When   uniform   working   had    been   reached,    the 
blast  pressure  was  raised  to  16  in.   gauge.     In  order 
to  keep  down  the  temperature  of  the  furnace   gases, 
the  ore  and  coke  were  moistened  and  the  upper  part 
of  the  furnace  was  constantly   sprayed   with  water. 
These  precautions,  combined  with  the  rapid  descent 
of  the  charge  under  high  blast  pressure,   resulted  in 
a  reduction  of  the  temperature  of  the  gases  to  below 
200J  C.     The  usual  ignition  of  the  gases  in  the  pro- 
duction of  ferro-manganese  in  the  blast  furnace  was 
entirely  prevented. 

Over  the  whole  working  period  of   nine   days,  the 
manganese  content  of  the  slag  varied  between   241 
and  10*87%,  corresponding  to  3'1    and    14%   of  man- 
ganous  oxide.     An  average  sample  of  the  slag  made 
over  the  whole  period   had   the   following  composi- 
tion : 

Per  cent. 
Silica    ...  ...  ...         30-32 

Alumina  ...  ...         10-88 

Lime     ...  ...  ...        4134 

Magnesia  ...  ...  2 -96 

Ferrous  oxide     ...  ...  1*41 

Manganous  oxide  ...  8'52 

Phosphorus  pentoxide     ...  0-01 

Calcium  sulphide  ...  394 

Baryta...  ...  ...  0-48 

The  loss  of  manganese  in  the  slag  was   about   6% 
less  than  had  been  anticipated.     The  total   amount 
of  alloy  produced  during  the  nine  days  was  904  tons. 
The  composition  averaged  : 

Per  cent. 
Manganese         ...  ...         80  "20 

Silicon...         '    ...  ...  1-16 

Phosphorus  ..  ...  0\38 

Carbon...  ...  ...  6-46 

Iron  (by  difference)  ..  11"80 

The  total  coke  consumption  was,  roughly,  1,965 
tons,  or  less  than  2  25  tons  per  ton  of  alloy. 

A  manganese  balance  shows  that  76 "9%  of  the 
manganese  charged  was  recovered,  and  23']%  lust. 
The  proportion  of  total  manganese  passing  into  the 
slag  was  6"7%.  The  remaining  16  4%  was  lost  in  the 
dust  and  by  volatilisation."— O.  HoHL,  Stahl  unci 
Eisen. — The  Engineering  Magazine,  Dec,  1909,  p. 
276-277.     (J.  A.  W.) 


International  Congress  of  Mining,  Metal- 
lurgy, Applied  Mechanics  and  Practical 
Geology,  Dusseldorf,  Germany,  1910. —This 
Congress,  which  was  last  held  at  Liege  in  1905,  will 
take  place  this  year  by  invitation  at  Dusseldorf 
during  the  last  week  in  June,  1910.  The  programme 
is  an  extensive  one,  embracing  sections  in  (1)  Min- 
ing, (2)  Metallurgy  (chiefly  iron),  (3)  Applied 
Mechanics  including  Steam  and  Electrical  Mining 
and  Metallurgical  Equipment,  (4)  Practical  Geology, 
including  Stratigraphy,  Ore   Deposits,    Seismology, 


and  Hydrology.  An  influential  Council  and  Com- 
mittee of  organisation  has  been  formed,  composed  of 
the  leading  mining,  metallurgical  and  engineering 
men  in  North  Germany,  which  almost  anticipates  a 
successful  issue,  more  especially  as  the  Congress  is 
officially  convened  by  the  Rhenish  Westphalian 
Mining  Industry.  The  work  of  the  Congress  will 
be  carried  out,  (a)  in  general  meetings,  (b)  in  meet- 
ings of  the  sections  above  specified,  (c)  by  making 
visits  to  scientific  institutions,  industrial  undertak- 
ings and  excursions  to  districts  of  geological  interest. 
The  general  Secretaries  to  the  Congress  have  kindly 
forwarded  a  letter  of  invitation  to  any  of  the 
Members,  etc.,  of  this  Society,  who  may  wish  to 
take  part  and  are  interested  in  its  work.  Member- 
ship is  divided  thus  :  (1)  Honorary  Members,  by 
election,  (2)  Patrons  by  payment  of  £5  to  the  funds 
of  the  Congress,  (3)  ordinary  Members  by  payment 
of  £1.  The  condition  of  membership  under  (3)  is  the 
scientific  or  practical  occupation  in  one  of  the  four 
working  branches.  Forms  of  application  may  be 
obtained  from  the  Secretary,  Mr.  F.  Rowland,  or 
from  the  General  Secretaries,  Dr.  Schrodler,  or  Herr 
von  Loewenstein,  3-5  Jacobistrasse,  Dusseldorf, 
Germany.     (J.  A.  W.) 

American  Cyanide  Practice.— "The  following 
is  a  summary  of  the  principal  details  of  cyanide 
practice  in  nineteen  of  the  largest  and  most  modern 
mills  in  the  United  States  and  Mexico. 

The  mills  chosen  by  the  author  are  : — 

1.  A  Colorado  mill,  the  name  of  which  he  is  not 
permitted  to  give. 

2.  Combination,  Goldfield,  Nevada. 

3.  Desert,  Millers,  Nevada. 

4.  Dos  Estrellas,  El  Oro,  Mexico. 

5.  El  Oro,  El  Oro,  Mexico. 

6.  El  Rayo,  Santa  Barbara,  Chihuahua,  Mexico. 

7.  Goldfield  Consolidated,  Goldfield,  Nevada. 

8.  Guanajuato  Consolidated,  Guanajuato,  Mexico 

9.  Guanajuato  Development  Co.  (Pinguico  mill), 
Guanajuato,  Mexico. 

10.  Guanajuato  Reduction  and  Mines  Co.,  Guana- 
juato, Mexico. 

11.  Homestake,  Lead,  South  Dakota. 

12.  Loreto  (Cia  Real  del  Monte  y  Pachuca), 
Pachuca,  Mexico. 

13.  Montana-Tonopah,  Tonopah,  Nevada. 

14.  North  Stai,  Grass  Valley,  California. 

15.  Palmarejo,  Chihuahua,  Mexico. 

16.  San  Prospero,  Guanajuato,  Mexico. 

17.  San  Francisco,  Pachuca,  Mexico. 

18.  Standard,  Bodie,  Cal. 

19.  Veta  Colorado,  Parral,  Chihuahua,  Mexico. 
The  tables  following  gives  the  details  of  the  stamp 

mill  equipment,  tube  mills,  tables  and  vanners,  col- 
lecting and  settling  tanks,  leaching  tanks,  agitation 
tanks  and  filter  presses,  and  a  summary  of  the  con- 
sumption of  materials  per  ton  of  ore  treated.  Mr. 
Shaw's  paper  contains,  of  course,  in  addition  to  the 
tabular  data  here  presented,  a  vast  amount  of  infor- 
mation regarding  minor  points  of  practice  at  the 
various  mills  which  we  have  not  space  to  reproduce. 
In  conclusion,  however,  he  gives  some  details  of 
extraction  and  costs  which  we  may  summarise  briefly. 
At  the  Colorado  mill  mentioned  above  the  extrac- 
tion is  94%.  At  the  Combination  mill  the  total 
extraction  is  948%,  divided  as  follows  :  plates,  42'5%; 
concentrates,  22 -3%  ;  leaching,  14%,  and  slimes,  16%. 
The  total  cost  (given  in  detail  by  Mr.  Shaw)  are 
$4.04  per  ton.  Detailed  costs  are  given  for  the 
Desert  and  Dos  Estrellas  mills,  the  totals  being, 
respectively,   $3,367   and   $1,350  per  ton.      At   the 


March  1910 

Notices  and  Abstracts 

M,  tallurgy. 

329 

Tabic  !.—])■  tails 

of  Stamps 

in  Modem  Mills. 

Weight  of     1 1 

Duty  pe 

• 

Life 

Life  of 

Nil.  of       Stamps, 

hi  Krop, 

Drops, 

•ji  Hours 

of  I  lie,      of  Shoe,      S 

Name  of  Mill. 

Stamps.       Pounds. 

Inches.     Per  -Mia. 

T.jiis. 

Mesh.          I 

Colorado    ... 

60        1,050 

6  to8 

Kid 

3-8 

26             50 

112 

3 

Combination 

20        1.2(»(i 

6 

108 

4  5 

74 

96 

10 

Desert 

lOd       1,050 

6 

104 

479 

12-14          59 

70 

30 

Dos  Estrellas  No.  2 

120       1,250 

6o 

102 

4  2 

16&26       65 

65 

2  to  5 

El  Oro 

flOO       1,| 

UOO        1,150 

7  "5 

6 

104 
102 

3  751 
4 -00  J 

35 

Goldfield  Consolidated 

100       1,050 

108 

16 

Guanajuato  Consolidated     ... 

80       1,050 

7*5 

104 

3  6 

5(i 

30-35 

Guanajuato  Development 

(Piuguico) 

40        1,0.50 

6 '5 

104 

6-25 

2.  4  &   8 

Guanajuato  Reduction 

160        1,050 

7 '5 

10(1 

31 

26 

Homestake 

1. 0(111               ! 

10-5 

ss 

4d 

No.   -   -lot 

Lorefco 

40        1.05(1 

106 

3H 

hi 

Montana-Tonopah  ... 

4d        1,050 

~ 

Kin 

3-5 

20 

Nortli  Star 

mi       1,050 

8 

(Hi 

31 

20 

25 

San  Francisco 

30        1,050 

6  5 

1(14 

20 

Standard    ... 

20       1,000 

4  tu  6     96- 

2:3 

30             57 

1 22 

55 

Vela  Colorado 

100       1,050 

7 

8-10 

Tabic  II.— Bet 

tils  of  Modem  1 

ube-Mill 

s. 

Size. 

Rev. 

Capa- 
city per 

Pebbles. 

Con- 
sumpti 

Lining. 

Con- 
sump- 

per 

24hra,  Power,                    per  toi 

tion, 

Name  of  MilL 

Blake. 

Number.  Diameter 

Length. 

Min. 

T.  .ii-. 

h.]>.         Kind.       Ore,  lb. 

Kind. 

Pounds 

Combination 

(Abbe 

^AbbL- 

1     4  ft. 
1     4  ft. 

Hi  ft. 

12  ft. 

20 
26 

30 
24 

™\  Danish     2  4 

Silex 

1-2 

Dos  Estrellas 

AC. 

5     5  ft. 

24  ft. 

26 

121 

55      Quartz 

El  Oro 

0  34 

|    Mil.- 
!  Krupp 

2     4  ft.     Bin. 

Ill  ft.  bin. 

31 

100 

50~i 

El  Oro          

1     3  ft,  11  in. 

l!i  ft.  6in. 

31 

110 

El  Oro 

10 

i  Krupp 
^  Krupp 

1     4  ft.  llin. 

23  ft. 

25 

19(1 

80  1 
87  J 

1     4  ft.  llin. 

26  ft. 

27 

275 

Goldfield  Consolidated 

Gates 

6    5  ft. 

22  ft. 

Guanajuato  Reduction 

Abbr 

2    4  ft.    6 in. 

20  ft. 

80 

43      Danish     0  75 

Silex 

Loreto 

f  Abbe 
\  Krupp 

2 

1 

Montana-Tonopah    ... 

Gates 

2     :.  ft. 

22  ft. 

27 

52 

42  5                    2-22 

Silex 

North  Star  ... 

A  bin' 

1     4  ft.  bin. 

2(  i  ft . 

20 

30 

16      Quartz    40 

Chid  Ir 

San  Francisco 

Krupp 

—     4  ft.  3 in. 

13  ft.  lin. 

2!) 

Danish 

El  < ho 

Standard 

Gates 

1     5  ft. 

22  ft. 

24 

125 

50      Danish     3  0 

S.  Stee 

0  5 

Veta  Colorado 

5     5  ft. 

14  ft. 

.. 

Ch.  Stl 

Guanajuato  Consolidated,  the  crushing  and  concen- 
trating costs  are  80.55,  and  the  cyaniding  costs, 
$1,615  per  ton,  a  total  of  $2  165.  The  total  milling 
and  cyaniding  costs  for  this  mill  for  the  whole  year 
1908  are  given  as  82.30  per  ton.  The  cost  of  cyanid- 
ing -lime-  at  the  Homestake  is  given  as  so. 2453.  At 
the  Guanajuato  Reduction,  the  gold  extraction  is 
88%,  and  the  silver  extraction  86%,  the  cost  being 
81.575  per  ton.  At  the  Montana  Tonopah  the  total 
cost  of  treatment  is  approximately  $3.50  per  ton  :  the 
gold  extraction  is  94  .  and  the  silver  extraction  87%. 
The  costs  for  crushing,  concentrating  and  cyaniding 
at  the  North  Star  are  $0.85  per  ton. 

Table  III. — Details  of  Tables  and  Vanners. 

Van-  Concent ra-  Recovery, l'.C- 
Tables  nera  tion,  Ratio.  Silver.  Gold- 
.     11     30  13-hstol 


Table  IV.—  I >>  fails  of  Collccfi»r[  and  Settling  Tanks. 


Name  of  Mill. 


Number,  size.  ft. 


Capacity 

Total  per24hr. 

Capacity,  cub.  ft. 

cub.  ft.  ]>cr  ton. 


Name  of  Mill 
Colorado 
Combination 

1  )<■-«•!  i          ...            ...  25 

El  Rayo      ...  

Goldfield  Consolidated  70 

( ruanajuato  ( 'onsolid.  16 

( ruanajuato  Reducl  ion  32 

Loreto          ...            ...  s 

Montana-Tonopah  8 

North  Star...             ...  9 

San  Francisco             ...  6 

Veta  Colorado            ...  24 

San  Prospero            ...  8 


«l 


IS 

30 

Hi 


1 1 

90tol  I 


■63    3032 


-.(•toi 


.-,11 

M  ()    I  28'0 


aotoi 


Sands — 
Colorado 

Desert 

1  hi-  Estrellas 
Guanajuato  Reduction 
North  Star ... 
Palmarejo  ... 

Slimes,  Settling — 

Combination 

Deserl 

Dos  Estrellas 

El  Oro 

(  bil.llield  Consolidatrd 

( ruanajuato  Consolidat. 

( ruanajuato  1  develop. 
<  ruanajuato  Reduction 

Home-take  ... 

Montana-Tonopah    ... 


in  6 
23  (i 
30      8 

33  7  ■". 
22      7 
10       s 

14x10 

100  s  , 


38,247 

25,659 
21,288 
36,159 
8,640 
32,000 


12  Hi 

16  9  J 

36  2»i     si 

:;i  35     10 

36  20     si 

29-5  12    131 
I -'1  9x9x8  ]    ,8 

[38     8  30J       - 

3d  II  5   I", 

is  22     16, 

is  2(M 

26  20  1  l41 

30  l'i    21. 


12 

I 

cone 

4 

Hi 


,;.:;:;:; 


130 
592 
130 
230 

132 

nil 
797 

,372 

21  lb 


Hi.-> 

so 
110 

139 
1  T<> 


97 

180 

28 

215 

230 

1 25 

225 
70 

90 

150 


•530 
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Tabl    V.     Details  of  Leaching  Tanks. 


I  lapa-Timeo 

No.      Size  of       Total       city    Treat- 

of     Tanks,  Capacity,  per24  uient, 

Tanks.         ft,        cub.  ft.    In-. , tons.   hrs. 


Colorado 


Combination 

Desert 

Dos  Estrellas 

El  Oro 

El  Rayo       .. 

Guanajuato  Consolidate. 

Guanajuato  Develop. 
Guanajuato  Reduction 
Homestake... 
North  Star  ... 


(3  40  x  6 
-  4  23  x  6 
(l  30x8 
16  16x5 
18  33x8 
12  36x5-.-) 
12  40x6-5 
. .    25  x  6 
("7*26x5) 
\  15  26x6/ 

14  29-5x5 

15  40x8 
14  44x9 

6  23x8 


38,247    165 


16,085 

123,161 

67,176 

98,018 


180  288 

335  305 

385  184 

105  360 

:.  210 


66,367    490    336 


47,845 
150,795 
191,587 

17,500 


190 

580  480 

80  120 

290  168 


Table  VI.  —Details  of  Agitation  Tanh 


Name  of  Mill. 
Combination 
Desert 
Dos  Estrellas 

El  Oro        

El  Rayo     ... 
( Hilillield  Consolidate 
Guanajuato  Consul  id, 
Guanajuato  Reduet . 
Loreto 

Montana-Tonopah  .. 
North  Star 
San  Francisco 

Standard    ... 

Veta  Colorado 


No.  of 
Tanks. 


Size, 
feet. 


&  8  «  1-.2 
Total     'gs"    lZ-  I 
Capacity,  g<c°  S-r£S 
cub.  ft.  o»o  H<lfl 


/  1   12xl8\ 

(2  10x14  J 

7  36x20 

f  12  36x10 

\   6  36x20 

15  34x12 

25x16 

10  15x45 

14  30x10 

13  36 x 12 
27  30     10 

6  17  x  — 

2     8  <    7 

5  15  x  45 

/5  20x11  \ 

(5    18x15  J 

14  15x45 


4,234 
142,500 
243,296 
163,440 

62,500 
98,960 

158,789 


16 

30 

13  6 

56 
24 

110 

660    300 


65 

838 
750 
270 


660 
190,852  1,270 

1,500      30 
31,250     ... 

36,264     290 


72 
54 
32 

24 

18 


87,500  175(est) 


Table    VII.— Details  of  Filter  Presses. 


Name  of  Mill. 

Make  of 
Press. 

No. 

Size  of 
Leaf,  ft. 

Total       $Z     g"3 
Area,      .3  i    5q 
sq.  ft.    sq.  ft.  Ins. 

Combination  ... 

Butters 

54 

5x10 

4, 70S 

72  227 

Desert 

Butters 

172  4-3x9-75  14,448 

84  180 

Dos  Estrellas... 

Burt 

70  28 -3s, [.ft 

1,984 

...     37 

El  Rayo 

Butters 

60 

5x10 

5,100 

146  240 

Goldfield  Con. 

Butters 

336 

5x10 

28,560 

50(est) 

Guanajuato  D. 

Butters 

80 

5x10 

6,800 

97  180 

Guanajuato  R. 

Butters 

75 

5x10 

6,375 

40    90 

Homestake     ... 

Merrill  2208 

4x    6 

52,992 

32  600 

Liberty  Bell  ... 

Moore 

268 

6x    8 

21,869 

62  135 

Loreto 

Butters 

104 

5x10 

8,840 

74  120 

Montana-Tono 

Butters 

144 

5x10 

12,240 

85 

North  Star     .. 

Oliver 

10x7ft 
revolv. 

-    220 

4-4   5  5 

drum 

San  Francisco 

Butters 

...   180 

Standard 

Moore 

90 

5x16 

12,240 

111  360 

Veta  Colorado  Ridgw'y 

130  4  sq.  ft. 

520 

l(est) 

Used  for  collecting  tanks  also. 


T'tlil*    C / / 1 '.-    Consuniption   of  Materials  per  ton  of 
Ore   Treated. 


Tube-Mill  ~ 

Peb-    Lin-  _™ 

Die,  Shoe,  Lies,    ing,  KCN,  Zn,     CaO,    -^ 

lb.      lb.      lb.      Hi.      lb.  11».        lh.   £"-£ 


Name  of  Mill. 


Colorado      

Combination       

Desert  ...  0-53  4 -8 

Dos  Estrellas      

El  Oro  (sand)      

El  Oro  (slime)     

El  Rayo       

Guanajuato  C 

Guanajuato  R 

Homestake 

(slime) 

Loreto  

Montana-Tono 

North  Star 

Standard      ...  T160-63 

*  NaCN. 
— S.  F.  SHAW.  — A merican  Insiitute  of  Mining  Engi- 
neers,  Engineering  Magazine,  Sept.,    1909,   p.    9*7. 
(J.  A.  W.) 


0-93  053 

21  0-005 

2  4    1-2  210   0  98 

8-0    0-5 

3-41    1-82 

14-92  062 

1-17*107 

9-78  0-13 

S-4    1-028      1-2 

120 

0-75 

5-0      1-2 

16-0 

5-15    1-3 

6  0 

1-70* 

..       ..    0-31    013 

4-5 

2-2*      ... 

8-8 

2-22  ...  2-8     0  97 

9-2    0  28 

40  0    ...  0-5     033 

4  0 

!  3-0  0*5  1-16*0-6 

7  5 

Temperatures  During  Cupellation.— "  R.  H. 
Bradford  {Journ.  Ind.  and  Eng.  Chem.  I.  p.p.  181- 
184)  has  made  some  investigations  of  the  temperatures 
during  cupellation.  A  Le  Chatelier  thermo- 
electric pyrometer  with  a  couple  of  a  platinum 
wiie  and  a  90%  platinum  10%  rhodium  wire 
was  used  in  the  experiments.  The  cold  ends 
were  kept  at  a  known  temperature  by  immer- 
sing in  water  along  with  a  thermometer  and  were 
connected  to  a  galvanometer  of  high  resistance 
by  copper  leads.  The  couple  was  carefully  calibrated 
and  the  calibrations  plotted.  To  prevent  the 
destruction  of  the  wires  when  the  junction  was 
immersed  in  the  molten  lead,  a  thin  coating  of  fire- 
clay was  applied.  The  coating  was  made  on  the 
spot  from  moistened  raw  material  and  applied  in  a 
thin  enough  coat  to  offer  but  little  interference  with 
the  surface  oxidation  of  the  lead  button. 

Lead  buttons  were  introduced  into  cupels  placed  at 
varying  distances  from  the  front  of  the  mutHe  and 
hence  at  varying  temperatures  to  determine  the 
minimum  temperature  of  the  lead  button  requisite 
for  starting  cupellation.  Pyrometer  readings  of  the 
heating  metal  and  the  cupel  interior  were  taken  in 
each  instance.  It  was  determined  that  the  molten 
metal  must  attain  a  temperature  of  900°  C.  or  above 
before  driving  commences,  or  approximately  the 
temperature  of  melting  litharge. 

Horizontal  holes  J  in.  in  diameter,  were  drilled  to 
points  beyond  the  centers  of  the  cupels  and  at 
different  levels  in  the  different  cupels,  from 
directly  beneath  the  bottom  of  the  cup-shaped 
depression,  to  the  bottom  of  the  cupel  directly 
above  the  mutHe  floor.  The  temperatures  of  the 
interiors  of  the  cupels  were  then  readily  ascer- 
tained by  inserting  the  junction  of  the  couple.  The 
temperature  directly  under  the  button,  in  every  case 
in  which  the  cupel  had  been  properly  pre-heated 
although  lowering  as  the  lead  melted,  rose  to  900°  C. 
or  above  before  cupellation  commenced.  The  tem- 
perature of  the  lower  layers  was  usually  a  few  degrees 
higher  when  the  button  opened,  the  melting  metal 
apparently  having  taken  its  heat  from  the  upper 
layers. 

The  temperature  within  the  cupel  and  near  the 
molten  lead  remained  at  906°  C.  or  above  so 
long   as  the   button   continued   to  drive.      A  rapid 
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lowering  of  the  temperature  of  the  interior  was 
noticed  if  the  button  froze,  showing  that  its  lie.it  was 
mostly  derived  from  t lie  heat  of  the  oxidation  of  the 
lead,  [f  a  button  was  introduced  into  ;i  cupel  whose 
interior  was  well  below  906  G.  and  the  cupel  and  it- 
contents  pushed  back  into  the  inutile,  the  button 
began  to  drive  when  the  heat  radiated  from  the  muffle 
roof,  raising  the  litharge  coating  of  the  lead  to  a 
temperature  of  906°  C.  The  temperature  of  the 
button  rose  rapidly  if  allowed  to  remain  in  the 
same  position,  which  temperature  of  course  would 
cause  excessive  silver  ami  gold  losses.  The  format  ion 
temperature  of  'feather'  litharge  was  found  to  be 
below  906'  Centigrade. 

The  experiments  established  that  when  the  driving 
is  well  started,  the  lead  attained ahigher  temperature 
due  to  the  heat  of  combustion,  enough  heat  being 
developed  to  keep  the  button  driving  even  though  the 
cupel  and  its  contents  was  drawn  forward  to  a  cooler 
position  in  the  inutile.  A  temperature  of  G'2">  to 
650°  C.  may  be  maintained  a  |  in.  above  and  near 
the  front  of  the  muffle,  with  a  gentle  draught  through 
the  inutile,  without  danger  of  freezing,  although  the 
danger  of  freezing'  is  lessened  if  the  temperature  is 
from  650  to  750  . 

Cupellation  will  continue  as  long  as  the  heat  of 
combustion  maintains  the  lead  above  the  temperature 
of  melting  the  litharge.  Further  litharge  will  form 
as  long  as  the  surrounding  air  is  kept  well  below  the 
temperature  of  melting  litharge  and  will  not  dis- 
appear irnless  the  temperature  is  raised  above  t  hat 
point,  althought  a  slight  volatilisation  takes  place." 
—  'J hi  Engineering  and  Mining  Journal,  Nov.  li, 
1909.     (W.  A.  C.)' 

The  Development  of  Heavy  Gravitation 
Stamps.*j   "Mr.  Edward T.  McCarthy:  Though  I 

have  no  special  knowledge  that  the  heavier  is  more 
efficient  than  the  lighter  stain]),  yet  assuming,  for 
the  sake  of  argument,  that  this  is  the  case,  there 
arises  the  question  whether,  in  the  case  of  gold  ores 
where  copper-plate  amalgamation  plays  a  consider- 
able part  in  the  economic  treatment,  the  increased 
crushing  capacity  is  not  at  the  expense  of  a  loss  in 
the  amalgamation.  If  this  is  so,  then  in  working 
these  free-milling  gold  ores,  while  there  might  be 
increased  crushing  efficiency,  there  would  probably 
be  a  more  than  corresponding  decrease  in  economic 
efficiency. 

To  explain  what  I  mean  :  with  the  increased  weight 
of  the  stamps  there  is  not  a  proportionate  increased 
area  of  screen  discharge,  and  consequently  no  increase 
in  the  area  of  the  plates  where  the  discharge  directly 
impinges — it  is  in  this  limited  area,  that  the  plates 
are  most  efficient  in  catching  the  gold  or  silver. 

If  then,  as  must   be   the   case,  the   velocity  of  the 

discharge  is  increased,  there  is  a  point,  as  has  often 
been  proved,  where  that  efficiency  of  the  plate  rapidly 
falls  away,  and  so  far  as  my  experience  goes,  no 
amount  of  plate-area  .elded  below  this  point  seems  to 
compensate  for  the  loss  of  that  impingement  zone  of 
amalgamation.  If  the  above  statement  is  correct,  as 
I  believe  it  to  be,  then,  in  the  crushing  of  free-milling 
ores  the  economic  efficiency  of  the  heavier  stamp  is 
the  moot  point. 
On  the  other  hand,  where  tube-mills  are  employed. 

it    may    be    that  this  loss  can  be  compensated  for  by 

placing  plates  below  their  discharge.  Such  was  the 
case  in  the  British  and  Korean  Corporation's  .Mill, 
put  up  in  Korea  to  treat  a  \ery  heavy  pyritic 
(pyrrhotite)  ore,  and  where  the  amalgamation  was  o 

good   on    the   COpper-plateS  below  the  tube  mills  that 
*Scc  this  Journal,  vol.  x.,  Sept.,  1909,  pp.  108-115, 


1  would  not  have  erected  the  cyanide  plant,  had  I 
been  able  to  foresee  this  great  saving  of  .-old, 
especially  in  view  of  the  fact  that  the  mill  was 
erected  to  take  out  the  gold  from  a   mine   whose   life 

could  then  be  gauged  as  having  practically  come  to 
an  end. 

Looked  at  then  from  a  point  of  view  where  the  ore 
is  free-milling  (or  carries  coarse  gold)  and  does  not 
call  for  tube-mills  or  cyaniding,  there  is  much  to  be 
said  in  favour  of  the  lighter  stamp  in  conjunction 
with  liner  preliminary  crushing. 

As  a  matter  of  interest,  about  ■_,-"i  years  ago  I  ran 
the  old  Husband  stamps  with  good  results,  my 
experience  being,  that  provided  careful  injection  of 
the  oil  into  the  cylinder  was  carried  nut  every  four 
hours  there  was  neither  heating  or  cutting  of  the 
cylinder.  The  objection  to  them  was,  that  as  this 
needed  very  careful  manipulation  too  much  depended 
upon  the  skill  ami  care  of  lie.'  men  in  charge. 

With  regard  to  double  as  against  single  discharge 

in  my  younger  days  it  was  a  much  controverted 
question,  my  strong  impression  is  that  those  who 
advocated  double  discharge  then  did  so  more  with 
the  idea  that  it  increased  the  amalgamating  impinge- 
ment zone  than  that  it  increased  the  crushing 
capacity  of  the  stamps,  lint,  in  practice,  a-  the 
back  discharge  was  difficult  of  access,  and  the  light- 
bad  under  the  ore  -bins,  the  advantage  of  the  heavier 
stamp  in  this  respect  could  never  have  been 
thoroughly  tested. 

I  would  also  like  to  point  out  that  Mr.  Bland  (who 
was  for  some  30  years  the  successful  manager  of  the 
old  Port  Phillips  Mines,  in  Victoria)  maintained 
that  the  old  square  head  was  equal  to  the  round  one, 
if  not  its  superior.  As  he  was  a  man  who  was 
remarkably  in  advance  of  his  day,  in  keeping  anil 
tabulating  exact  data  of  all  experimental  work 
carried  out,  there  may  possibly  he  something  in  his 
contention  :  as,  too,  he  had  the  old  ('ornish  square- 
head, Australian  and  Californian  batteries,  running 
alongside  each  other,  hi1  was  in  a  peculiarly  good 
position  to  make  comparisons. 

Mr.  GlLMOUB  E.  BROWN  :  One  point,  to  which 
attention  should  be  called,  i-  that  of  the  running 
weight  of  stamps. 

Assuming  that  no  compensating  weights  are  Used, 
what  definite  percentage  of  the  original  weight  is 

meant  by  the  running  weight  of  a  stamp'.' 

Referring  to  p.  .'i  of  Mr.  Caldecott's  paper,  the 
running  weight  of  a  1,350  lb.  stamp,  new.  is  given  as 
1,343  lb.,  1,342  lb.,  and  1,356  lb.,  while  again,  on  p. 
7,  the  running  weight  of  a  1,629  lb.  -tamp,  new,  i- 
given  as  1,520  lb.,  or  a  reduction  of  6*7  .ami  stamps 
weighing  1,550  lb.  and  1,350  lb.,  new,  are  given  as 
I,  toil  lb.  and  1,250  lb.,  reductions  in  weight  of  6*4% 
and  71     respectively. 

It  would  appear  that,  in  the  examples  from  p.  7, 
Mr.  Caldecott  has  allowed  a  maximum  reduction  in 
weight  of  2i)()  lb.  in  each  of  these  cases,  probably  put 

down  to  wear  of  the  stamp  shoes. 

The  figures  for  stamp  No.  1  in  the  following  table, 
gathered  by  the  writer  with  some  care  from  a 
Western  Australian  mill,  will  serve  to  -how  that,  in 
practice,  the  percentage  reduction  in  weight  may  be 
greater  than  that  which  Mr.  Caldecott's  paper 
w  ■  m  Id  lead  us  to  believe. 

Taking  the  extreme  case  of  a  worn  out  shoe,  the 
minimum  length  of  stem  allowable,  that  is  irrespec- 
tive ol  the  slate  of   wear  of   the    -hoe    and    die.  and   a 

well-scoured  head,  the  reduction  in  weight  is  over 

26%. 

Assuming  the  running  weight  to  refer  to  the an 

falling  wei   lit,  it  would   be,  in   this  case,  1,033  lb., 
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PROPORTIONS    BETWEEN    WEIGHTS    OF    PARTS    OF 
HEAVY  STAMPS   (NEW). 


New. 

No. 

is 

CM     - 

Si  £. 

u  s 
"S  5 
Pec 

Part. 

Dimensions. 

Weight. 

St       S 

"    P    . 
Hi 

1 

lb. 
1,190 

1,537 
1,823 
1,998 

'Shoe 
Head 

\  Stem 

V  Tap pet 

[Shoe 
I  Head 
1  Stem 
[  Tappet 

/'Shoe 
1  Head 

1  Stem 
{ Tappet 

fShoe 
J  Head 
1  Stem 
I  Tappet 

in. 
12  x  9  diam. 
18  x  9  diam. 

OCtA  v   I    3  "87  tor   | 

^u*x  |  2ft.above  f 

{      head     J 

13-1  x  9 "25 diam. 

12  x  9 "25  diam. 
24x9-95       „ 
192x4 
14x1012     ,, 

14  x  9-25  diam. 
32x9  25      „ 
204x4 
18x10-12     ,, 

14x9  diam. 
50  x  9 "25  diam. 
156x4 
20x9  94       ,, 

lb. 

2$6 

256 

564 

134 

198 
215 

474 

11-3 

2 

1,190 

254 
412 

6S1 

190 

100-0 

16-5 

26-8 
44-3 
12-4 

3 

1,537 

292 
566 
723 
242 

1,823 

276 

918 
548 
256 

LOO-0 

16  0 
310 
39-7 
13  3 

4 

ioo-o 

138 
46-0 
27  4 
12  8 

1,998 

ioo-o 

and  the  writer  would  suggest  that  this  stamp,  in- 
stead of  being  referred  to  as  1,190  lb.  new,  be 
described  in  literature  relating  to  milling  practice  as 
l,033-t-(plus  or  minus)  157  lb.,  the  figure  1,033  being 
the  important  figure  once  the  mill  is  in  regular  run- 
ning order. 

In  the  event  of  this  stamp  being  provided  with 
compensating  weights,  the  designation  would  be 
different,  and  would  depend  entirely  at  what  stage  of 
the  wear  the  first  compensating  weight  was  used. 

The  compensating  weights  might  be  used  to  keep 
the  total  weight  up  to  the  stamp  weight,  new,  in 
which  case  the  top  hammer  on  the  stem  would  be 
excessive,  or  they  might  be  added  to  keep  the  weight 
constant  at  the  mean  falling  weight,  uncompensated. 

The  practice  no  doubt  varies  from  mill  to  mill, 
depending  on  the  ore  and  the  millman,  but  there  is 
a  minimum  falling  weight  for  each  class  of  stamp, 
which  can  be  calculated,  with  some  knowledge  of 
milling,  from  the  detail  drawings  of  a  stamp  battery. 
Messrs.  Fraser  &  Chalmers,  Ltd.,  have  kindly 
supplied  the  writer  with  details  of  their  makes  of 
heavy  stamps  (2,  3,  and  4  in  table),  and,  assuming 
wear  on  the  same  lines  as  in  the  case  of  stamp  1,  the 
minimum  falling  weight  of  each  has  been  calculated, 
and  is  given  in  the  third  last  column  of  the  table. 

The  average  falling  weight  in  stamps  2  and  3  is 
about  90%  of  the  stamp  weight,  new,  but  stamp  4  is 
somewhat  higher,  and  shows  incidentally  the  advan- 
tage accruing  from  having  the  weight  concentrated 
in  the  head,  where  it  is  most  desired, 


PROPORTIONS    BETWEEN 

WEIGHTS    OF    PARTS     OF 

HEAVY  STAMPS   (WORN). 

Worn. 

o  ^ 

<a>      f. 

bo      £ 

cS   O 

Dimensions. 

Weight. 

?  -  .1' 

S  f-  r 

PnO? 

fnof 

in. 

lb. 

1-5x9  diam. 

44 

18-6 

3-7 

"\ 

C9  dia.  from  top^i 

1  to  12  in.  down,  1 

*18  x  -  12  in.  down  to  - 

238 

93  0 

20-0 

Wear  in 
Actual 

J  bottom,   taper  1 
\J7'5  in.  diam.      1 

Practice. 

1 17-3  x  diam. 

460 

81-5 

38-6 

as  new 

134 

100  0 

11-3 

j 

876 

73-6 

1  -75  x  9 "25 diam. 

61 

24  0 

3-9 

\ 

|  9  25  dia.  and  \ 

24  x  J  taper  to  7 '75 
I  as  in  (1)           | 

395 

95-8 

25-7 

tl68x4  diam. 

595 

87-3 

38-7 

as  new 

190 

100  0 

12-4 

1,241 

80-7 

2x9-25  diam. 

66 

22-6 

3  6 

o7      1  9 "25  dia.  and) 
as     \  taper  as  in  (2)/ 

549 

96-9 

30  2 

Calcu- 

lated 

1163  x  4  diam. 

577 

79-8 

316 

as  new 

242 

ioo-o 

13-3  ! 

1,434 

78-7 

2x9  diam. 

62 

22-4 

3-1 

50x  C925  dia.  and\ 

900 

93  0 

45  0 

(taper as in(2)  / 

tl40x4  diam. 

495 

90-3 

24  8 

as  new 

256 

ioo-o 

12  8 

1,713 

•85-7 

; 

These  stamps  would  be  classed  as  before,  as  1,389 
—148  lb,  1,629—194  lb.,  and  1,856— 142  lb.  respec- 
tively, and  then  the  mechanical  engineer  on  the  mine 
would  have  a  poorer  opinion  of  the  friction  losses  and 
the  metallurgist  be  more  confident  of  his  data  in 
arriving  at  some  relation  between  the  weight  of 
stamp  and  tons  of  ore  crushed. 

Discussion  on  paper  by  W.  A.  Caldecott. — 
Institution  of  Mining  and  Metallurgy,  Bulletin 
No.  63,  Dec.  9,  1909,  p.  21.     (H.  A.  W.) 


MINING. 

Development  Work. — "If  a  mining  venture  is 
likely  to  prove  payable,  then  the  objective  should  be 
to  win  the  asset  as  soon  as  possible,  so  that  it  can 
earn  still  more  profit.  If  it  is  found  not  worth  going 
beyond  the  prospecting  stage,  then  the  sooner  that 
knowledge  is  acquired  the  better,  for  it  is  cheaper  to 
do  this  quickly  than  to  drag  on  indefinitely.  At 
first,  when  opening  up  a  mine,  a  limited  number  of 
men  can  be  employed,  until  the  main  entrance, 
whether  it  be  by  shaft  or  adit,  is  sufficiently  far 
advanced  to  warrant  levels  or  cross-cuts  being  put  in. 
The  called-up  capital  is  not  earning  interest  while 

From  measurements  of  many  discarded  heads. 
t  The  distance  from  top  of  new  die  to  top  of  upper  sjuide  is 
as  follows  :--(!)  l.V  2"  (2)  15'  5"  (3)  15'  5"  (4)  15'  1". 
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such  development  is  going  on.  Therefore,  a  good 
organiser  will  push  on  with  the  dead  work,  even  if 
he  lias  to  pay  a  bonus  over  and  above  a  fair  rate,  so 
as  to  encourage  the  miners  to  work  their  best.  This 
fact  is  recognised  by  the  more  up-to-date  directors. 
and  recently  the  managers  of  an  optional  mine  were 
instructed  to  '  crowd  on  development  work  as  much 
as  possible,  in  order  that  we  may  not  only  obtain  the 
most  economical  results  (theie  is  nothing  so  extra- 
vagant as  development  on  a  small  scale),  but  also  in 
order  that  we  may  obtain  knowledge  of  the  mine, 
and  its  possibilities,  at  as  early  a  date  as  possible.' 
When  a  mine  has  once  been  opened  up  it  is  naturally 
cheaper  to  carry  on  development  at  the  same  time  as 
productive  work,  than  to  work  the  mine  to  a 
temporary  standstill,  and  then  start  developing 
again.  In  the  former  case  development  shares  the 
standing  charges,  such  as  management,  pumping, 
engine  drivers,  with  the  productive  work.  In  the 
latter  case  development  has  to  stand  the  whole  cost. 
Not  only  that,  hut  as  a  rule,  fewer  men  can  be 
engaged  on  development  than  on  productive  work, 
as  there  are  more  faces  to  be  worked  in  stopes,  than 
in  drifts,  winzes  and  shafts.  The  consequence  is 
that  the  services  of  certain  men  have  to  be  dispensed 
with,  and  labour  conditions  become  disorganised. 
Then,  again,  if  we  look  at  it  from  a  market  point  of 
view,  this  irregular  way  of  working  a  mine  gives  to 
those  who  desire  it  every  opportunity  to  run  the 
shares  up  or  down,  irrespective  of  the  real  value  of 
the  mine.  It  is  more  advisable  to  push  on  with 
development,  even  if  one  has  to  borrow  to  do  so  ; 
later  on,  ore  can  he  got  out  quickly,  or  the  output 
curtailed,  according  to  the  market  price  of  metals  or 
other  conditions  that  may  affect  the  management.' 
— (Australian  Mining  Standard),  Science  and  Art  of 
Mining,  Sept.  18,  1909,  p.  55.     (A.  R.) 


Electric  Signalling  in  Minks.—"  An  electric 
signalling  system  has  been  installed  in  the  Main  ami 
Edwards'  Shafts  of  the  Great  Boulder  Proprietary 
Gold  Mine  to  a  depth  of  2,500  ft.,  with  30  polarised 
hells  (29  levels)  in  the  Main  Shaft  and  16  in  the 
Edwards'  Shaft;  these  have  been  working  for  the 
past  18  and  10  months  respectively  without  causing 
a  moment's  delay,  and  have  given  entire  satisfaction 
to  the  management.  Subjoined  is  a  brief  description 
of  the  system,  which  is  claimed  to  have  many 
advantages  over  any  previous  system  hitherto  in  use  : 
the  object  is  to  provide  by  means  of  electric  bells  a 
simple  and  efficient  means  of  signalling  for  the  under- 
ground work.  Alternating  current  is  used  instead 
of  continuous  current,  and  the  system  is  as  follows  : 

(a)  For  localities  which  supply  such  current  a 
transfoimer,  four  insulated  wires  in  armoured  cable. 
watertight  polarised  bells,  junction  boxes,  pulls  or 
pushes,  consisting  of  platinan's  pull  and  intcrplat 
pull,  for  platman  to  communicate  with  engine-driver 
and  miners  stationed  at  various  levels,  and  vice  versa. 

(i>\  For  localities  without  supply  current,  the  same 

as  the  above,  with  the  exception  I  hat ,  instead  of  a 
transformer  a  generator  must  be  used.  The  working 
of  the  circuit  wired  to  illustrate  the  actual  procedure 
is  as  follows  :  Assuming  a  platman  hauling  at  the 
400  ft.  level,  and  a  shift'  boss  at,  the  1,400ft.  level 
requires  the  cage,  the  shift  boss  simply  rings  the 
platman  his  number  of  rings  by  using  the  intcrplat 
pull  corresponding  to  the  level  from  which  he  rings 
Bj    bo  doing  the  bells  are  ringing  :it   every  level, 

excepting  of  course  the  engine  -driver's  bell:  the 
platman  replies  to  the  shift  bo>s  by  using  the    inter 

plat  pull  with  the  same  number  of  rings,  and  calls 

engine-driver  by  using  the  platinan's    pull  for   the 


level  at  which  the  cage  is  required.  The  engine- 
driver  by  using  his  pull  replies  to  the  platinan's 
signal  and  lowers  the  cage  to  the  signalled  level.  I5y 
this  system  perfect  communication  and  understand- 
in-  between  levels  will  be  obtained,  and  the 
engine'  driver  cm  secure  the  highest  degree  of  safety. 
With  the  use  of  polarised  bells  the  interruptei  in  the 
circuit,  which  causes  so  much  trouble  with  the 
continuous  current  bells,  is  eliminated.  By  means 
of  the  transformer  the  high  voltage  current  from  the 
main  supply  is  reduced  fco  25  volt-,  which  is  not 
dangerous  to  life.  The  saving  of  time  in  signalling 
allows  more  time  for  hoisting.  The  maintenance 
and  working  expenses  are  much  low  er  than  in  any 
other  bell  system,  and  the  possibilities  of  breakdown 
are  practically  nil.  This  system  is  undoubtedly  far 
in  advance  of  any  other  method  of  signalling. 

The  apparatus  installed  on  the  Great  Boulder 
Mine  is  of  the  very  best  material,  and  every  care  was 
taken  in  fixing  it.  The  main  cable  taken  down  the 
shaft  is  a  submarine  armoured  one,  made  up  as 
follows  :  From  the  outside  jute,  then  steel  armoured 
bonded,  jute,  prepared  paper,  lead  sheathing,  tape, 
and  vulcanized  rubber  surround  four  insulated  wires. 
Watertight  cast  iron  junction  boxes,  measuring 
15  x  11  x  5  in.,  are  placed  at  every  level  on  the  centre 
leg  of  the  plat-set.  There  are  two  watertight  "  .Mix 
and  Genest"'  pulls  and  one  "  Siemens-Halske " 
polarised  bell  placed  in  every  level,  a  pull  being 
placed  on  each  of  the  legs  about  7  ft.  above  the  plat, 
and  the  hell  on  the  cap-piece  of  the  plat.  A  two-core 
No.  16  wire  armoured  cable  (similar  to  the  main 
cable)  is  used  for  wiring  the  plats  from  the  pulls  and 
hells  to  the  junction  boxes.  The  engine-driver's  bell 
and  pull  are  fixed  on  a  board  on  the  right  hand  side, 
where  the  engine-driver  is  standing.  The  main 
conductors  are  tapped  off  from  the  supply  main  (55(1 
volts),  and  are  taken  to  a  transformer  (placed  in  the 
engine-house)  which  reduces  the  voltage  to  25  volts. 
This  voltage  is  quite  sufficient  to  work  these  bells  at 
any  practicable  working  depth.  A  separate  circuit 
connected  with  the  same  transformer  has  been 
installed  for  signalling  from  the  hraceman  to  the 
engine-driver,  and  vice  versa,  thus  making  the  whole 
system  complete. 

The  following  are  the  working  and  maintenance 
costs:  Transformer — No  load  losses  per  day  =  0*24 
units,  or  87"6  units  per  year  at  2d  per  unit-  14s.  7d. 
Assuming  these  bells  work  continuously  for  two 
hours  per  day,  then  30  beils  would  consume  0069 
units,  or  25*185  units  per  year  at  2d.  per  unit  4s. 
23d.  Maintenance  cost  =  His.  per  month  or  t'ti  per 
annum.  Total  annual  cost  £6  18s.  9*3d."  C.  E. 
(  rRAYSON.      -Imi  inn  I  nf  ( 'lunula  r  of  Mines  "/'  M  '•  Stt  in 

Australia,  Oct.  30,  1909,  p.  293.     (H.  A.  W.) 
Stopping  Leaks  undeb  High  Pressure.     "At 

the  20th  annual  meeting  of  the  Institution  of  Mining 
Engineers  Mr.  W.  <  >.  Wood  described  the  method 
adopted  at  the  Fast  Fit,  Murtou  Colliery,  of  stopping 
a  leak  in  the  tubbing  of  a  working  shaft.  The  point 
of    leakage    was   420   feet    from    tlie   surface,  and  the 

quantity  of  water  escaping  160  gallons  per  minute, 
under  a  pressure  of  105  lb.  per  sip  in.  The  volume 
of  water  was  not  of  importance  as  it  was  used 
a-  feed  water  for  boilers  underground,  but  it 
had  been  decided  to  replace  steam  by  electrical 
haulage,  which  meant  that  unless  the  leak  was 
Stopped  the  water  Would  in  future  ba\  e  to  be  pumped 

at  considerable  expense.  To  accomplish  this  without 
stopping  the  pit  in  a  coal  drawing  shaft  working  day 
and  night  was  a  difficult  problem.  It  was  decided 
bo  adopt  the  "Portier"  method,  which  consisted  of 
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forcing  Portland  cement  behind  the  tubbing,  a 
method  which  had  successfully  been  employed  at 
French  and  Belgian  collieries.  The  first  attempt  was 
unsuccessful  as  the  leakage  increased  from  150  to 
3(i(i  gallons  per  minute,  an  increase  attributed  to  the 
erosive  action  of  the  sand,  gravel,  and  cement  forced 
through  the  sheeting  composing  the  joint.  Finally 
brown  paper  cartridges  4  in.  in  length  by  1  in.  in 
diameter  were  prepared,  a  leaden  bullet  1  in.  diameter 
forming  the  nose,  while  the  body  was  filled  with 
bullets,  J  in.  in  diameter.  The  cartridges  were 
injected  to  till  up  the  cracks  and  openings,  and  after- 
wards J  in.  to  J  in.  gravel  Avas  passed  in.  This 
greatly  diminished  the  flow,  and  finally  an  injection 
of  sand  and  cement  had  the  effect  of  entirely  stopping 
the  leakage. " — Science  and  Art  of  Mining,  Oct.  2, 
1909,  p.  73.     (A.  R.) 


The  difficulties  that  attended  the  initial  introduction 
of  alternating  current  have  been  largely  eliminated, 
with  the  result  that  the  polyphase  system,  which 
means  either  a  two-phase  or  three-phase  system,  of 
alternating  current  transmission — with  its  adapt- 
ability to  large  units  and  long  distances — has  proved 
itself  a  commercial  success. 

The  modern  switchboard  will  be  equipped  with  its 
oil  circuit  breakers  and  oil  switches,  its  various 
safety  devices,  together  with  meters,  including  volt- 
meters, ammeters,  frequency  meters,  power-factor 
meters,  etc.  We  must  not  forget  our  exciter  set, 
consisting  of  a  direct  current  compound-wound 
generator,  usually  wound  for  125  volts  and  used  for 
excitation  of  the  generating  units.  This  exciter  set 
may  be  either  engine  or  motor-driven.  We  also 
have  transformers,  which  are  used  to  raise  the 
original  generator  voltage  to  the  proper  transmission 


Mining  Terms. 


Turin. 

Location. 

Meaning. 

Boxhole 

Opening  from  level  to  stope  above. 

Bull  ring 

Collar  of  drill  hole  left  unbroken  by  blast. 

Back  stope 

Overhand  stope. 

Boy 

South  Africa 

Native  worker. 

Cheesa  stick     ... 

South  Africa 

Spiral  strip  of  blasting  gelatine  wrapped  round  small  stick, 
for  lighting  fuses. 

Cap     ... 

Detonator. 

Coca  pan 

South  Africa 

Mine  Truck. 

Change  house  ... 

House  for  miners  to  wash  and  change  in. 

Dry           ,,      ... 

Cornish 

House  for  miners  to  wash  and  change  in. 

Floating  dyke ... 

South  Africa 

Dyke  with  same  strike  as  reef  and  with  varying  dip,  appear- 
ing and  disappearing  in  workings. 

Kraust 

Cornish 

Underground  lunch. 

Lash  ... 

South  Africa 

To  shovel. 

Lashers 

South  Africa 

Shovellers. 

Mine  Captain    .. 

Underground  manager. 

Machine 

South  Africa 

Rock  drill. 

Machine  man   ... 

South  Africa 

Rock  driller. 

Piccanin 

South  Africa 

Young  native  boy. 

Raise  or  rise     ... 

Narrow  development  working  towards  the  rise. 

Stick 

South  Africa 

Explosive  cartridge. 

Skoff 

South  Africa 

Food. 

Swallow 

South  Africa 

Aerial  conveyor  in  stopes. 

Shift  boss 

Foreman  of  mine  shift. 

Vamping 

Fine  dirt  under  rails  in  levels,  etc. 

—Mines  and  Minerals,  Oct.,  1909,  p.  138.     (A.  R.) 

Electricity  in  the  Coal  Mining  Industry.— 
"  Electricity  is  practically  independent  of  distance. 
There  is  no  other  form  of  energy  that  is  transmitted 
as  efficiently  and  conveniently  as  electrical.  The 
coal-cutting  machine  is  no  longer  an  experiment.  A 
practical  electrically-driven  drill  has  been  devised. 
Also  a  puncher,  which  can  be  operated  either  by 
direct  or  alternating  current,  has  been  manufactured, 
and  is  now  operating  on  a  commercial  basis.  Fans, 
which  the  mine  owners  were  originally  afraid  to 
drive  by  electricity,  are  now  replacing  the  steam- 
driven  kind  with  their  long  and  uneconomical  and 
expensive  steam  line.  We  also  have  electrically- 
driven  tipple  machinery,  and  the  electrically-driven 
pump  in  wet  mines.  Some  of  our  most  satisfactory 
box-car  loaders  are  electrically  driven,  while  at  many 
plants  the  coke-drawing  machines  are  also  electrically 
operated. 

The  power  house  of  to-day  is  rapidly  evolving 
itself  into  an  alternating  current  proposition,  becom- 
ing the  central  source  of  power  for  a  number  of  mines. 


voltage.  In  addition,  there  are  installed  lightning 
arresters,  choke  coils,  disconnecting  switches  with 
their  details,  for  protective  apparatus,  so  that  we 
now  have  our  alternating  current  power  house  most 
complete. 

Among  the  principal  advantages  of  a  central  power 
station  there  is  the  great  saving  in  copper,  and  also 
the  maintenance  of  a  steady-working  voltage — 
especially  where  the  workings  are  located  consider- 
able distances  from  the  power  house.  The  saving  in 
copper  more  than  balances  in  many  instances  the 
entire  cost  of  the  sub-station  during  the  life  of  the 
equipment.  In  transmitting  the  power,  alternating 
current  is  used.  The  main  power  house  generally 
furnishes  current  at  approximately  2,400  or  6,600 
volts,  although  3,300,  13,000,  and  other  voltages  are 
used.  This  current  being  for  power  service,  should 
be  a  25  cycle,  3,000  alternation,  polyphase  circuit, 
preferably  three-phase.  The  current  is  transmitted 
from  the  power  house  to  sub-stations,  where  it  is 
transformed  to  a  lower  voltage,  and  then  in  turn  by 
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means  of  a  rotary  convertor  or  a  motor  generator  i.s 
tranformed  from  alternating  into  direct  current. 

The  lowering  transformers  are  generally  arranged 
to  transform  from  2,400  or  6,600  volts  high  tension 
to  approximately  440  volts  low  tension.  The 
approximate  ratio  of  the  alternating  current  to  the 
direct  current  voltage  is  ahout  7  to  10.  If  the 
alternating  current  voltage  on  the  rotary  converter 
is  approximately  160  volts,  then  the  direct  current 
voltage  will  he  around  250  to  275  volts.  Generally 
speaking,  it  is  considered  advisable  to  put  in  lowering 
transformers,  even  with  motor  generator  sets,  as 
that  makes  it  safer  for  the  operator.  A  further 
advantage  is  that  the  lowering  transformers  act  as 
additional  protective  apparatus — having  the  high 
tension  and  low  tension  sides  separated.  This 
arrangement  also  lias  the  additional  feature  that 
taps  may  be  taken  from  the  transformers  to  operate 
independent  alternating  current  circuits.  The  sub- 
station equipment  requires  practically  no  attention, 
and  is  almost  automatic,  easily  adjusting  itself  to 
the  various  loads  and  conditions.  Sub-station  equip- 
ment requires  no  special  foundation  and  anchorings. 
It  is  also  true  that  the  floor  space  required  is  con- 
siderably less  than  an  engine  and  generator  unit. 

It  is  feasible  to  operate  two  circuits  at  a  mine. 
Both  alternating  and  direct  current  are  used.  The 
alternating  current  will  operate  the  fans,  crushers, 
tipple  machinery,  and  pumps.  Alternating  currents 
have  the  additional  advantage  that  any  number  of 
alternating  current  voltages  may  be  obtained  from 
the  same  generator,  it  being  only  necessary  to  use 
the  proper  transformer  taps.  The  direct  current 
will  operate  the  locomotive  and  the  direct  current 
cutting  machine.  By  this  means,  the  operations  are 
independent  of  each  other.  The  sub-station,  there- 
fore, feeds  both  kinds  of  current  simultaneously  to 
the  same  mine. 

As  to  mine  locomotives,  it  is  a  better  practice  to 
have  two  10-ton  or  two  13-ton,  or  even  two  15-ton 
locomotives,  which  can  be  operated  either  separately 
or  together  in  what  is  known  as  a  '  tandem  arrange- 
ment,' than  to  have  a  locomotive  of  20-ton  capacity 
or  more.  Too  heavy  a  locomotive  means  heavy  iron 
for  the  track,  and  such  an  engine  is  often  unwieldly 
and  inefficient. 

There  are  also  the  reel  and  the  gathering  loco- 
motives This  latter  type,  known  as  the  'traction 
reel '  or  '  crab  type,'  does  not  go  into  the  room  at  all, 
but  a  wire  cable  of  from  three-eighths  of  an  inch  to 
live-eighths  of  an  inch  thick  and  about  500  ft.  long, 
is  easily  pulled  in  the  room  and  fastened  to  the 
loaded  car,  which  is  then  pulled  out  by  means  of  a 
separate  motor  with  its  equipment  of  controller, 
resistances,  hose  and  wire  and  other  details.  Both 
of  the  gathering  types  of  locomotives  are  now  being 
built  so  as  to  use  one  of  the  main  hauling  motors  of 
the  locomotive  for  gathering  also. 

As  regards  the  cost  of  operating  with  electric 
haulage,  it  is  obviously  difficult  to  give  exact  figures 
which  will  apply  in  all  cases,  but  it  has  already  been 
pointed  out  that  electrical  haulage  is  cheaper  than 
animal  haulage.  The  life  of  the  locomotive  in  t he 
first  place  is  longer  than  that  of  the  male,  there  being 
locomotives  to-day  in  actual  service  which  were 
installed  10  or  12  years  ago.  Against  this,  two  or 
three  years  is  the  average  lite  of  a  mule.  The 
lengths  of  the  haul  and  speeds  required  are  also  in 
favour  of  the  locomotive. 

The  motors  used  for  the  operation  of  fans  must  be 
perfectly  reliable,  as  on  tin;  successful  operation  of 
these  depend  the  lives  and  efficiency  of  the  men 
underground. 


As  regard-  the  form  of  drive  for  fans,  thai  is, 
whether  the  fan  should  be  geared  or  belted  or  chain- 
driven,  that  should  be  carefully  studied  in  each 
instance.  Where  there  is  a  great  fluctuation  in 
in  voltage,  either  a  belted  or  chain  drive  is  desirable. 
If  floor  space  is  an  item,  then  between  these  two  the 
chain  drive  is  the  proper  one.  If  the  voltage  Lb 
constant  and  good  regulation  secured,  then  a  geared 
fan  is  proper.  Coupled  fans  can  also  be  seriously 
considered,  and  these  are  in  actual  operation. 
Variations  in  speed  can  be  obtained  by  either 
variable-speed  motors,  or  in  the  case  of  belted 
machines,  different  pulley  combinations  can  be  used. 

As  regards  the  direct-current  voltage  in  the  mine 
itself,  there  has  been,  and  still  is,  considerable 
discussion.  Many  are  of  the  opinion  that  the 
voltage  should  not  exceed  275  or  300  volts.  On  the 
other  hand,  there  are  just  as  many,  if  not  more,  who 
consider  550  to  600  volts  noi  excessive.  Certainly 
there  is  no  getting  away  from  the  fact  that  with  the 
higher  voltage,  there  is  a  great  saving  in  copper,  and 
also  that  in  most  cases  a  better  working  voltage  will 
be  maintained.  Looking  at  the  question  from  the 
standpoint  of  safety,  it  is  true  the  higher  voltage  is 
more  likely  to  kill  a  man  than  the  lower.  But  the 
point  is  to  keep  away  from  the  wire.  Especially  in 
high  coal  this  should  easily  be  arranged.  In  man] 
instances  the  trolley  wire  can  be  placed  from  5  to  7 
ft.  above  the  rail,  and  should  always  be  placed  from 
4  to  8  in.  to  the  outside  of  the  rail.  With  ordinary 
precaution  this  should  be  entirely  safe.  Where  the 
coal  is  low,  it  might  then  be  considered  proper  to  put 
in  the  lower  voltage,  although  it  is  by  no  means 
considered  absolutely  necessary. 

It  has  been  pointed  out  at  various  times  by  some 
operators  that  they  consider  the  higher  voltage  safer 
than  the  lower.  Their  argument  is  that  with  the 
lower  voltage  the  men  get  familiar  and  careless.  On 
the  other  hand,  they  have  considerable  respect  for 
the  higher  voltage,  and  are  more  careful  and  have 
fewer  accidents.  Local  conditions  will  largely  deter- 
mine what  voltage  should  be  installed. 

No  matter  whether  250,  275  or  550  volts  is  used, 
the  conductor  should  be  bare,  uninsulated  wire. 
Insulated  wires  in  a  mine  are  treacherous.  The 
insulation  will  not  last  in  a  mine  more  than  six 
months  or  a  year  at  most.  It  deteriorates  rapidly, 
and  becomes  a  menace  instead  of  an  additional  safe- 
guard. 

A  system  of  wiring  that  meets  with  much  favour 
where  conditions  will  permit  is  the  three-wire  system. 
By  this  means  500  volts  can  be  taken  from  the 
generator  or  rotary  converter  and  divided  in  half, 
using  two  circuits  of  275  volts  each. 

The  three-wire  system  was  originally  introduced 
in  order  that  a  saving  in  copper  might  he  obtained. 
The  system  has  become  in  general  use  for  both 
lighting  and  power  distribution.  It  permits  of  a 
saving  of  25%  in  copper  in  the  feeder,  when  figured 
on  a  basis  of  current  capacity  :  or  a  saving  of  82 
when  figured  on  a  basis  of  drop  of  potential,  when 

the  neutral  wire  is  considered  as  equal  in  size  to  one 
of  the  outside  wires. 

Three  wire  generators  may  be  operated  in  parallel 
with  each  other,  or  in  parallel  with  two-wire 
generators  if  required.     By  means  of  the  three-wire 

system,    it    is    possible    to    use    the    higher  voltage  : 

that  Is,  550  volts,  for  the  stationary  motors,  such  as 
pump  motors,  and  -_!7">  \<>lts  for  the  locomotives, 
considering  the  track  as  the  neutral  and  return."— 
V.  C.  Albrecht,  West  Virginia  Coal  Mining 
Institute,  Electrical  Engineer,  Oct.  22,  1909,  p.  575. 
(J.  A.  W.) 
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MISCELLANEOUS. 

Protecting  Steel  from  Corrosion.—"  The 
use  of  steel  in  coal  mining  operations  has  heen 
objected  to  on  the  ground  of  the  presence  of  acid 
found  in  the  waters.  This  condition  obtains  also, 
and  probably  to  a  larger  extent  in  the  copper  mines, 
and  in  iron  mines  carrying  pyrites.  Such  steel  as  lias 
already  been  installed  in  the  mines  of  the  United 
States  lias  given  satisfaction  without  any  serious  cor- 
rosion, and  without  any  protective  treatment  of  the 
steel  other  than  the  useof  good  preservative  paint.  In 
wet  mines  in  England  steel  girders  are. frequently 
tarred  before  being  put  in,  but  the  actual  loss  from 
corrosion  is  so  small  as  to  be  a  minor  quantity,  even 
when  the  steel  is  not  painted.  In  dry  mines  there 
is  not  much  danger  of  any  serious  corrosion,  but  in 
conditions  subject  to  moisture,  and  to  varying  tem- 
peratures, attention  must  be  paid  to  this  point.  In 
my  opinion  true  economy  will  be  found  in  the  paint- 
ing of  all  steel  for  underground  mine  operations  with 
one  shop-coat  of  good  paint  and  with  at  least  one  field- 
coat.  If  these  are  well  worked  in,  the  steel  should 
need  no  further  attention  for  years. 

Careful  investigation  has  been  made  as  to  the  kind 
of  paint  which  may   be  defended  on  for  service   in 
contact  with  acid  waters,  and  I  have  conducted  lab- 
oratory experiments  to   demonstrate   the   fitness   of 
different  pigments  for  this  purpose.     I  agree  with  the 
conclusion  reached  by  A.  S.  Cushman,  of  the  Scien- 
tific Section  of  the  Paint  Manufacturers'  Association 
of  America,  that  steel  should  not  be  painted   with 
carbon  paints  in  the  manufacture  of  which  sulphuric 
acid  has  been  used,  and  the  use  of  coal-tar  products 
is  therefore  to  be  avoided.     The  natural  carbons,  such 
as  graphite  ana  hydro-carbons,  such  as  asphalt  and 
gilsonite,  may  be  recommended  for   the   second-coat 
work  if  properly  ground  and  mixed  with  a  good  ve- 
hicle.    For  the  first  coat,  pigments  should  be  used  of 
an  inhibitive  character.     The  oxides  of  iron,  such  as 
Venetian  reds,  are  usually  manufactured  by  chemi- 
cal processes,  and  their  use  is  to  be  avoided,   though 
a  good  natural  oxide  of  iron  paint  may  be  used  under 
dry  atmospheric  conditions.     For  first-coat  work  zinc 
chromates  should  give  good  service,  but  probably  the 
best  to  use  is  red  lead  and  oil,  which  has  been  dem- 
onstrated to  be  a  first-class  pigment  for  preservative 
treatment  in  most  situations.    The  red  lead  should  be 
pure  and  mixed  in  the  proportion  of  not  less  than  15 
to  16  lb.  of  red  lead  per  gallon  of  oil.     The  oil  should 
be  pure,  and  in  my  judgment  raw  oil  is  better  than 
boiled.     The  matter  of  vehicle  is  of  some  importance, 
and  care  should  be  taken  to  see  that  the  pigment  is 
thoroughly  mixed  before  application.      Red  lead  is  a 
heavy  pigment  and  settles  quickly,  necessitating  the 
mixing  of  a  new  lot  if  it  has  stood  any  length  of  time. 
The  settling  may  be  retarded  by  the  use   of  barytes 
or  '  asbestine,'  and  the  use  of  the  latter  is  to  be  recom- 
mended by  reason  of  its  permitting  a  firm  hold  on 
the  pores  of  the  steel.     For  first-coat  work,  therefore, 
a  mixture  of  red  lead,  oil,  and  asbestine,  in  the  pro- 
portion of  at  least  15  lb.   of  red  lead  and  2   lb.    of 
asbestine  per  gallon  of  oil,  with  sufficient  japan  dryei 
to  work  well,  may  be  recommended  as  probably  the 
best  which  can  be  had  under  present  conditions  ;  and 
for  the  second  coat  either  silica-graphite  or  Mexican 
graphite;  both  coats  to  be  well  worked  in,   and   the 
first  coat  be  thoroughly  dry  before  the  application  of 
the  second.         The  theory  on  which  this  preservative 
treatment  is  recommended  is  based  on  the  use  of  a 
practically  inhibitive  pigment  to  prevent   the   incep- 
tion of  corrosion  in  the  steel,  and  the  use  of  a  second 
coat  to  protect  the  first  atmospheric  and  temperature 
conditions,  and  to  fill  up  thoroughly  any  vacancies  or 


voids  which  may  occur  in  the  first.  Insomuch  as  the 
particles  of  the  red  lead  and  the  graphite  are  ex- 
tremely small,  the  combination  of  these  two  coats 
should  give  a  lil  in  practically  impervious  to  atmos- 
pheric moisture,  or  to  acid-bearing  waters. 

We  live  in  an  age  of  steel.  The  large  demands 
made  on  our  timber  resources  and  the  increasing 
scarcity  of  timber  suitable  for  the  heavier  construc- 
tions of  underground  mine-work,  make  the  consider- 
ation of  a  substitute  a  matter  of  vital  moment.  Ex- 
perience in  varied  lines  of  construction  has  shown 
steel  to  lie  the  one  material  known  to  the  engineer- 
ing world  which  by  its  flexibility  and  convenience  of 
use  can  replace  wood  fully  and  satisfactorily.  It 
can  be  perfectly  adapted  to  all  phases  of  construc- 
tion ;  it  is  easy  to  obtain  and  convenient  to  fabricate 
and  erect,  and  its  long  life  under  all  conditions  of 
moisture  temperature,  and  stress  amply  compensates 
for  the  increased  cost  of  its  first  installation.  Reduc- 
tion in  weight,  economy  in  erection,  the  possibility 
of  re-use,  and  its  fire-proof  character,  are  but  a  few 
elements  of  advantage.  The  application  of  steel  to 
mine  timbering  is  but  in  its  infancy.  Considerations 
of  economical  operation  will  necessitate  larger  use  of 
steel  in  the  future,  and  the  mine  owner  will  be  wise 
who  looks  beyond  present  first  cost  to  ultimate  econ- 
omical operation  and  steady  uninterrupted  returns 
on  investment." — R.  B.  WooDWORTH. — Mining  and 
Scientific  Press,  Oct.  23,  1909,  p.  560.     (W.  R,  U.) 

"  Aluminium  is  used  in  iron  and  steel  works  for 
removing  oxygen  from  the  oxides  of  iron  and  other 
substances,  the  heat  generated  being  so  great  as  to 
raise  the  temperature  of  large  bodies  of  iron.  It 
also  has  the  power  of  combining  chemically  with 
the  gases  imprisoned  during  the  cooling  of  the 
metal,  thus  preventing  porosity.  For  these  purposes 
the  metal  is  either  used  in  the  form  of  an  alloy 
known  as  '  ferro-aluminium,'  or  as  the  pure  metal, 
either  in  the  granulated  or  bar  form  or  in  small 
pieces  weighing  uniformly  one-eighth  ounce  or  one- 
fourth  ounce  each.  This  property  of  keeping  molten 
metal  hot  or  of  raising  the  temperature  of  a  molten 
metallic  bath  has  been  utilized  in  the  thermit  weld- 
ing process,  invented  by  Goldschmidt.  In  this  pro- 
cess aluminium  and  iron  oxide  are  intimately  mixed 
in  a  finely  divided  state  and  ignited  by  means  of  a 
fuse.  The  heat  of  combustion  in  the  ensuing  re- 
action raises  the  temperature  of  the  casting  to  the 
welding  point.  The  reaction  takes  place  in  a  funnel- 
shaped  crucible,  from  which  the  fluid  metal  resulting 
from  the  reaction  is  run  into  a  suitably  shaped  mould 
formed  around  the  area  of  the  joint  to  be  made, 
which  is  preheated  by  means  of  a  blow-lamp  to  avoid 
chilling  the  first  lot  of  metal  coming  through. "- 
R.  B.  Woodworth.—  Mining  and  Scientific  Press. — 
Oct.  23,  1909,  p.  560.     (W.  R.  D.) 


Reviews  and  New  Books. 


(We  shall  be  pleased  to  review  any  Scientific  or  Tech- 
nical Work  sent  to  us  for  that  purpose. ) 

Modern  Practice  in  Mining.— By  R.  A.  S. 
Redmond  Kedmayne,  M.Sc,  M.Inst.C.E., 
M.I.M.M.,  F.G.S.,  His  Majesty's  Chief  Inspector 
of  Mines.  Vol.  II.  —  The  Sinking  of  Shafts. 
7s.  0d.  (London  :  Longman's  Green  &  Co.) 
"  Shaft  sinking— as  is  well  known — is  one  of,  if  not 

the  most  difficult  problems  of  the  mining  engineer 
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and  the  colliery  proprietor.  Manuals  hy  recognised 
authorities  have  not  been  wanting  upon  various 
colliery  and  mining  plants.  Shaft  sinking  lias  had 
ample  attention,  bat  until  this  volume,  '  The  Sink- 
ing of  Shafts,'  there  lias  been  no  work  or  reference 
without  inteipolation  of  kindred  mining  subjects, 
and  the  very  important  one  of  sinking  lias  not 
hitherto  received  the  full  attention  it  deserves. 

Professor  Redmayne  has  recognised  the  want  and 
admirably  Idled  it  hy  one  of  the  most  clearly  written 
treatises  yet  put  before  the  engineer.  The  work  in 
question  cannot  from  its  clearness  and  amplencss  'ml 
be  of  very  material  value  to  the  student,  the  practical 
collier  wishing  to  inci-easehis  knowledge,  and  to  even 
skilled  colliery  managers.  There  is  very  little  ques- 
sion  that  in  rectangular  shafts  there  can  be  shown 
mathematical  and  practical  losses  of  strength,  anil  it 
is  somewhat  singular  that  at  present  new  rectangular 
shafts  are  being  sunk  to  considerable  depths.  Weak- 
ness at  the  cornel's,  indeed  in  every  part,  of  rectan- 
gular shafts  are  not  uncommonly  shown  ;  many  such 
shafts  twist,  numbers  are  lost,  where  had  they  been 
circular,  the  latteral  pressure  would  have  been  more 
distributed,  and  a  collapse  prevented. 

The  tables  of  costs  of  shafts,  forms  of  contractors' 
agreements,  specifications  and  descriptions,  together 
with  details  of  the  varied  systems  are  clearly  set 
forth  in  the  volume  under  notice,  thus  affording  easy 
reference  which,  before  deciding  upon  the  special 
form  of  sinking  to  be  employed  and  during  the 
actual  progess  of  the  work,  cannot  fail  to  be  of  great 
use.  As  a  reference  book  for  students  the  work  must 
command  attention,  and  every  college  and  colliery 
owner  could,  with  benefit,  place  the  work  in  the  lib- 
rary or  the  office. — London  Mining  Journal,  Oct.,  30, 
1909,   p.  187.     (A.  R.) 


Part  G,  Coal  Dressing,  consists  of  one  chapter, 
dealing  with  the  practice  of  coal  washing.  In  the 
Appendix  are  given  some  important  tables. 

The  hook  is  well  adapted  to  the  Deeds  of  students 
preparing  to  enter  work  in  the  mining  or  metallur- 
gical field,  and  to  those  already  engaged  in  milling 
work."  -The  Minimi  World,  Nov.  27,  1909,  p.  1084. 
(W.  A.  C.) 


A  Textbook  of  Ore  Dressing.  By  Robert  H. 
RICHARDS.  Pp.  702.  Illustrated.  $5.  (New 
York  :  McGraw-Hill  Book  Co.) 

"This  work,  by  the  well-known  author  of  'Ore 
Dressing'  is  the  outgrowth  of  a  demand  for  a  text- 
book for  college  and  other  use  that  covers  the  subject, 
of  ore  dressing  in  a  single  volume.  The  work  is 
mainly  a  condensation  of  the  author's  previous  work. 
Typical  machines  and  processes  only  are  described, 
and  the  data  has  been  generalised,  as  far  as  possible. 
To  broaden  the  sphere  of  the  hook  a  chapter  has  been 
added  on  coal  washing.  The  subjects  aie  treated 
from  the  standpoint  of  a  teacher.  The  book  is  divided 
into  six  parts,  with  18  chapters  ami  an  appendix. 

( 'hapter  I.  <  leneral  Principles,  gives  a  comparison 
of  ore  dressing  and  smelting,  and  t  he  physical  pro 
perties  of  minerals  are  applied  to  ore  dressing. 

Part  /,  comprises  a  chapter  on  Preliminary  Break- 
ing, including  blasting  in  the  mine  and  coarse 
crushing. 

Part  .',  Pinal  Crushing,  comprises  five  chapters,  as 

follows:       Rolls,    Steam    Stamps;     Gravity    Stamp- 

ami   Amalgamation;    Grinders  other  than   Gravity 
Stamps  ;    Laws  of  (  i  u-hing. 

Part  S,  Separating,  Concentrating,  or  Washing, 
comprises  eight  chapters,  as  follows  :  Preliminary 
Washing  and  Sand  Sorting;  Preparation  of  the 
Crushed  ( (re  for  Concentration  ;  Principles  of  Screen 
Si/inLr  and  Classifying  :  Coarse  Sand  Concentrating  ; 
Pine-Sand    Concentrating;    Slime    Concentrating: 

Miscellaneous  Processes  of  Separation. 

Part  /,  Accessory  Apparatus,  is  covered  l>y  one 
chapter. 

Part  ~>,  Mill  Processes  and  Management,  consists 
of  two  chapters,  as  follows.  Mill  Principles  and 
Processes  ;   General  Considerations. 


The  Geology  of  Cape  Colony,  an  Introduction  to. 
By  A.  W.  Rogers  and  A.  L.  du  Toit.    Cloth, 
small    8vo.      500    pp.      Illustrated.      (London: 
Longmans,  Oreen  cV  Co.)     Price  !)s       For  sale  by 
The  Minimi  Magazine  (London). 
"  This  is  a  second  edition  of  a  work  that  appeared 
live  years  ago,  and  contains  much  new  matter  incor- 
porating   information    obtained    by    recent    exami- 
nations  and    investigations.     The  book    belongs    to 
the     'South    African    Science    Scries,"    which    was 
inaugurated  to  encourage  the  study  of  natural  science 
in  South  Africa,  and  the  authors  are  members  of  the 
Geological  Survey  of  Cape  Colony. 

The  ground  covered  consists  of  a  description  of  the 
general  geology  and  paleontotogy  of  the  colony  :  ore 
deposits  and  economic  geology  do  not  receive  much 
attention.  From  a  mining  point  of  view,  (apt- 
Colony  does  not  present  any  features  of  great 
interest  with  the  exception  of  the  copper  district  in 
Namaqualand  and  the  diamond  pipes  of  Kimberley. 
These  are  not  treated  in  this  book.  There  are  many 
occurrences  of  coal  in  the  Karroo  formation  in  Cape 
Colony,  but  they  are  of  no  great  thickness,  and  most 
of  them  are  spoilt  for  fuel  purposes  by  the  dolerite 
intrusions  that  have  coked  them  and  mixed  them 
with  ash.  There  are  extensive  deposits  of  iron  ore 
in  Griqualand,  between  Prieska  and  Kuruinan  : 
these  beds  have  been  formed  by  the  solution  of  the 
limestone  underlying  ferruginous  sandstones,  the 
fracturing  of  the  latter,  and  the  replacement  of 
silica  by  hematite  by  circulating  waters.  The  for- 
mation varies  from  banded  ferruginous  sandstone  to 
pure  hematite,  and  there  must  he  enormous  quanti- 
ties in  existence,  but  the  distance  from  centres  of 
civilisation  and  absence  of  fuel  make  the  ore  practi- 
cally valueless.  As  a  contribution  to  the  literature 
of  the  geology  of  South  Africa,  this  hook  is  valuable." 
— The  Minim/  Magazine  <  London),  Nov  ,  1909,  p.  247. 
(YY.  A.  C.)    ' 


Van  Nostrand's  Chemical  Annual,  1909.  Second 
Issue.  A  Handbook  of  Useful  Data  for  Analy- 
tical. Manufacturing  and  Investigating  Chemists 
and  Chemical  Students.  Edited  by  John  C 
Olsen.  Lis.  (id.  London:  Constable  &  Co.. 
Limited.     New  York :   l».  Van  Nostrand  Co.) 

"Those  who  possess  the  lil'st  (1906)  edition  of  this 
work  will  welcome  the  appearance  of  this  second 
issue,  which  is  fully  up  to  date  and  in  which  all 
factors  dependent  upon  atomic  weights  have  been 
recalculated  from  the  International  atomic  weights 
of  1909.     Many  new  tahlcs  have  been  added,  and  a 

useful    list    of    1 ks    and    of    articles    which    have 

appeared  since  I <)( Mi  ha \  e  heen   added   in   the  form  of 

appendices,   totalling  0V6T   100  pages. 

Valuable  alike  to  the  metallurgical  chemist  and 
assayer,  to  the  organic  chemist  and  to  the  physicist, 
its  576  pages  contain  all  the  usual  tables  for  which 
one  searches  in  a  laboratory  guide,  and  many  others 

which  aie  hot  h  useful  and  unexpected.  A  search 
through  its  pages  will  show  that  many  of  the  fact  oi's, 

etc.,  which  the  worker  has  been  in  the  habit  of  cal- 
culating for  him-elf  are  there  given  with  their 
logarithms,  and  that  the  tables  of  factors  for  calculat- 


338 


The  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.       March  1910 


ing  percentages,  etc.,  from  analytical  results  have 
been  so  amplified  as  to  enormously  enhance  their 
value. 

The  molecular  weights,  etc.,  are  commonly  calcu- 
lated out  to  the  second  place  of  decimals,  so  that 
those  who  pine  for  an  accuracy  in  their  calculations 
which  is  unattainable  in  their  practical  work,  may 
obtain  their  wish  :  and  although  it  is,  perhaps,  an 
unnecessary  refinement  to  go  beyond  one  decimal 
point,  it  is,  at  any  rate,  an  error  on  the  right  side. 

Valuable  tables  of  the  physical  constants  of  both 
inorganic  and  organic  substances,  including  the 
elements,  their  principal  compounds,  and  the  most 
important  alloys,  occupy  about  half  the  volume. 

Important  tables  on  the  heats  of  combustion  of 
various  elements  and  combustible  materials,  and  of 
the  calorific  values  of  typical  fuels,  are  given  with  a 
concise  and  unusually  clear  preamble,  stating  what 
the  various  heat  units  in  vogue  really  mean  and  how 
they  are  correlated. 

A  good  index,  a  valuable  adjunct  even  to  a 
systematically  arranged  series  of  tables,  has  been 
added,  and  it  may,  perhaps  be  permissible  to  suggest 
that  so  useful  a  feature  might  well  be  amplified  in 
the  next  edition." — London  Mining  Journal,  Dec.  24, 
1909,  p.  505.     (A.  R.) 

Modern  Mining  Practice —By  George  Mitche- 
SON  Bailes.    Five  volumes  each  about  250  pages. 
111.  (Sheffield  :  J.    H.    Bennett   &   Co.)      Price: 
£2  12s.  6d.     For  sale  by  The  Mining  Magazine. 
"This  book  deals  in   an  encyclopedic  way  with 
the  practical  details  of  coal  mining,  and  provides  in- 
formation  on  theoretical  subjects  requisite  for  the 
intelligent  study  of  underlying  principles.      It  forms 
an  excellent  course  of  instruetionforstudents  desirous 
of  qualifying  for  responsible  positions  in  coal  mines. 
The  practice  quoted  is  chiefly  British,  but  Continental 
and  American  methods  also  receive  attention.      The 
author  for  15  years  was  lecturer  on   mining  to  the 
Warwickshire  County  Council  and  is  now  principal 
of  the  Mining  Engineers  Correspondence  School   at 
Sheffield. 

The  first  chapter  deals  with  such  branches  of 
chemistry  and  physics  as  are  of  use  to  the  mining 
engineer.  The  second  discusses  coal-dust,  its  dangers 
and  prevention,  and  the  third  gases  encountered  in 
coal  mines,  also  explosions  and  their  results.  Chapter 
4  deals  with  methods  of  ventilation  and  describes 
various  sorts  of  fans,  and  Chapter  5  discusses  the 
theory  of  friction  of  air-currents  in  mine-passages. 
Chapter  7  describes  different  forms  of  safety  lamps. 
The  above  chapters  are  all  contained  in  Vol.  I. 

Vol.  II.  includes  chapters  on  conducting  air  to  the 
working  face,  the  removal  of  gas,  mine-fires,  breath- 
ing apparatus,  first  aid  to  the  injured,  diseases  of 
miners,  geology  applied  to  mining,  explosives  and 
blasting,  prospecting  and  boring.  Vol.  III.  contains 
further  chapters  on  boring,  which  is  treated  very 
fully  and  clearly  ;  also  chapters  on  modern  met  hods 
of  shaft-sinking  under  all  sorts  of  circumstances  and 
through  all  sorts  of  ground.  Vol.  IV.  deals  with 
methods  of  developing  and  working  coal  seams, 
timbering,  coal-mining  machines,  and  rock-drills, 
while  Vol.  V.  treats  of  boilers,  engines,  electric 
machinery,  winding,  pumping  and  hauling.  Coal 
washing,  coking,  and  surveying  are  mentioned,  but 
very  little  information  is  given,  presumably  because 
these  subjects  are  fully  treated  in  other  publications 
and  are  not  strictly  mining.  The  chapters  on  boring 
and  shaft-sinking  constitute  the  best  parts  of  the 
books  for  the  general  reader." — The  Mining  Magazine 
Oct.  1909,  p.  161.     (W.  A,  C.) 


Gold  Refining.  By  Donald  Clark.  8vo,  127 
pp.  (Australia:  Critchley  Parker,  Australian 
Minin//  Standard.  London  :  Sir  Isaac  Pitman 
&  Son's. ) 
Mr.  Clark,  in  this  volume,  brings  together  a  deal 
of  information  relative  to  this  subject,  as  well  as  to 
parting.  Apparently  all  known  methods  have  received 
consideration,  those  of  present  commercial  importance 
being  described  in  detail.  It  is  particularly  interest- 
ing however,  because  it  embodies,  besides  descrip- 
tions of  standard  practice,  accounts  of  considerable 
experimental  work,  carried  out  by  the  author  in  his 
search  for  improved  methods,  quite  a  large  propor- 
tion of  the  space  available  being  devoted  to  this. 
The  various  methods  of  treating  the  gold  precipitate 
obtained  in  cyaniding  are  illustrated  by  examples 
taken  from  the  practice  of  representative  mills  and 
the  use  of  sodium  bisulphate  or  nitre  cake,  both  as  a 
source  of  acid  in  the  wet  treatment  of  cyanide  preci- 
pitate, and  as  a  refining  agent  during  melting,  is 
fully  discussed.  Much  of  the  experimental  data  is 
relative  to  this  point. 

The  style  of  writing  might  with  advantage  have 
been  a  little  clearer  in  places,  while  the  printing  and 
proof-reading  leave  something  to  be  desired.  The 
illustrations,  however,  are  good  and,  on  the  whole, 
the  book  can  be  depended  upon  to  form  a  useful 
addition  to  a  metallurgist's  library.     (G.  H.  S.) 

The  Ore  Deposits  of  South  Africa.  Part  II.  By 
J.  P.  Johnson.  (Crosby,  Lockwood  &  Son.) 
5s.  net. 
This  little  handbook  of  50  pages,  including 
diagrams  and  statistics,  is  designed  to  cover  '  The 
Wit  watersrand  and  Pilgrims  Rest  Goldfields  and 
similar  occurrences,'  whilst  Part  I.  of  Mr.  Johnson's 
volumes,  covered  the  '  Base  Metals.'  In  our  criticism 
of  the  previous  volume,  we  expressed  the  view  that 
the  author  hail  worked  upon  a  scientific  plane  above 
the  heads  of  those  best  served  by  such  a  compilation, 
the  prospector  and  investor.  In  the  present  inst  ance, 
the  criticism  must  be  reversed,  for  it  cannot  be  justly 
said  that  there  is  similar  need  for  a  handbook  on  Trans- 
vaal gold  occurrences,  unless  they  are  described  in 
detail  or  the  heights  of  originality  are  reached.  Of  the 
Transvaal  base  metals,  the  general  readerknows  little, 
of  its  gold  there  is  the  substratum  of  common  know- 
ledge which  need  only  have  been  discussed  briefly  as 
a  basis  ;  or  a  thorough  and  detailed  examination  of 
the  deeper  problems.  The  Witwatersrand  system  is 
tieated  with  greater  detail  in  Hatch  &  Corstoiphine's 
book  on  the  geology  of  four  colonies  than  in  Mr. 
Johnson's  specialising  production.  Perhaps  one  is 
disappointed  with  Part  II.  of  '  The  Ore  Deposits  of 
South  Africa  '  because  one  has  learnt  to  expect  better 
things  from  Mr.  Johnson,  but  disappointment  will 
assuredly  be  felt  by  the  large  number  of  readers  that 
the  author's  reputation  is  likely  to  win  for  the  pro- 
duction. If,  however,  it  is  received  merely  as  a 
handbook,  it  will  serve  a  good  purpose.  Sixteen 
pages  are  devoted  to  the  '  main  auriferous  conglo- 
merates9 of  the  Witwatersrand  Goldfield,  including 
several  pages  of  sections.  In  his  typical  Central 
Rand  stratigraphical  section  the  author  suggests  the 
name  of  'I'arktown  Beds'  for  the  strata  lying 
between  the  Orange  Grove  and  Hospital  Hill  quartz- 
ites.  Whatever  the  need  for  grouping,  alterations 
in  the  already  confused  momenclature  of  Transvaal 
formations  and  series  must  be  left  to  the  Geological 
Survey.  It  is  not  so  much  the  suitability  of  a  name 
that  matters  as  the  standardisation  of  its  use,  and 
uniformity  can  now  only  be  enforced  by  such 
authority   as    that    cited.      The    thickness    of    the 
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?uartzites  between  the  Doornfontein  beds  and  Main 
leef  is  noted  at  3,501  ft.,  apparently  a  typographical 
error.  Mr.  Johnson  gives  an  interesting  resume  of 
the  various  theories  profonnded  on  the  origin  of  the 
gold  in  the  Main  Beef,  and  closes  his  impartial 
analysis  by  bravely  hoisting  the  tattered  ensign  of 
the  alluvialists. 

The  book  also  describes  briefly  the  Klerksdorp  and 
Pilgrims  Best  goldfields,  and  numerous  banket  or 
quartz  gold  deposits  in  other  districts.  The  geological 
sections  comprise  the  most  useful  feature  of  the  pro- 
duction.    (R.  S.) 

Armstrong,  E.  Frankland.  Carbohydrates  :  Glu- 
cose,  the  Disaccharides  and  the  Glucosides.     Roy. 

8vo.     Longmans.     Net  3s.  6tl. 

Bruce,  James  and  Harper,  Harry.  Practical 
Chemistry.     12  mo.,  pp.  '248.     Macmillan.     2s.  6d. 

Catalogue  of  Modern  "Works  on  Science  and  Tech- 
nology. New  Ed.  8vo.  sd.  Chapman  <!■  Hall. 
Net  Is. 

Ennis,  William  D.  Linseed  Oil  and  Other  Seed 
Oils.  An  Industrial  Manual.  Roy.  8vo.,  pp.  330. 
Constable.     Net  16s. 

Harcourt,  Leveson,  Francis  Vernon.  Civil  Engi- 
neering as  Applied  in  Construction.  2nd  Ed., 
revised  by  Henry  Eidler.  8vo.,  pp.  642.  Longmans. 
Net  16s. 

Johnson,  J.  P.  Geological  and  Archaeological 
Notes  on  Orangia.     4to.     Longmans.     10s. 

Jones,  H.  C.  Introduction  to  Physical  Chemistry. 
Cr.  8vo.     Macmillan.     Net  7s. 

Kempe,  H.  R.  The  Engineers  Year  Book  of 
Formula-,  Rules,  Tables,  Data  and  Memoranda,  1910. 
Cr.  8vo. ,  leather.     C.  Loclcwood.     8s. 

McConnell,  Primrose.  Farm  Equipment  Build- 
ings, and  Machinery.  A  Practical  Handbook. 
Illust.  Cr.  8vo.,  sd.,  pp.  108.     Cassell.     Net  Is. 

Morsch,  Eniil.  Concrete-Steel  Construction. 
Translated  from  the  3rd  (1908)  German  ed.  Revised 
and  enlarged  by  E.  P.  Goodrich.  Roy.  8vo.,  pp. 
378.     Constable.     Net  21s. 

Murray,  J.  Allan.  Soils  and  Manures.  8vo.  pp. 
370.      Constable.     Net  6s. 

Palaeontologia  Universalis.  (Issued  under  the 
auspices  of  the  International  Geological  Congress  by 
I).  l\  Oehlert  and  K.  V.  Zittel).  Series  2.  In  4 
Carts.  Plates.  4to.,  pp.  182.  ]V.  Wesley.  Net 
32s. 
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(C.)       187/09.       John    Pendale    (1),     Harry    Ormes 
Miscall  (2).  Process  for  disintegrating  diamondi- 
ferous  ground.     17.4.(19. 
This  application  relates  to  means  for  the  disinte- 
gration   of    diamondiferous    ground,    in    which   an 
aqueous    solution  of  carbon   dioxide   is   used  as  the 
disintegrating  agent. 

(C.)    569/09.      Hugo    Philip   Crush.      An    improved 

method  of  an   apparatus   for   altering   liquids. 

10  12.09. 

This    is  a    vacuum    Idler   of   the    lixed    submerged 

basket  type  in  which  the  Irames  employed  are  self 

discharging,  as  described  in  Transvaal  Patenl  578 

Dec,   06,   and  where  the   necessity    for   employing 

large  pumps,  intermittently  running,  for  filling  ana 

emptying  the  filter  tank  is  obviated  by  installing  a 


system  of  storage  vats  connected  by  a  large  main  to 
the  cone-shaped  bottom  of  the  filter  tank,  and  having 
small  continuously  running  pumps  for  returning  the 
pulp  and  wash-water  from  the  lower  to  the  upper 
storages. 

It  is  also  claimed  that  the  greater  rapidity  obtained 
in  the  operations  of  filling  and  discharging  prevents 
the  formation  of  air-cracks  on  the  slime  cakes. 

(C.)    577/09.     Henry  Livingstone  Sulman  (1),  Henry 
Howard  Greenway  (2),  Arthur  Howard   Higging 
(3).     Improvements  in  or  relating  to  the  concen- 
tration of  ores.     15.12.09. 
The  above  application   refers  to  a  modification  of 
the  "  llotation  "  method  of  concentration,  which  con- 
sists in  the  substitution  of  certain  specified  organic 
substances  for  oil  or  oily  liquids  previously  used  in 
conjunction  with  slightly  acidified  water,  as  mineral 
frothing   agents.     The    substances    mentioned    com- 
prise certain  organic  acids,  ethereal   salts,  aromatic 
bydroxy-compounds  and  ketones. 
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(P.)  75/10.  W.  B.  Crotton.  Improvements  in 
internal  combustion  engines.      1.3  10. 

(P.)  78/10.  John  Smith  (1),  Charles  de  Vertus 
Duff  (2).  Improvements  relating  to  jockeys  for  rope 
haulage.     4.3.1(1. 

(C.)  79/10.  Duncan  McLean.  An  improved 
draught  inducer  for  chimneys  and  ventilating  shafts. 
4.3.10. 

(P.)  SO/10.  William  McVitty.  Improvements 
in  nut  locks.     4.3.10. 

(1'.)  81/10.  Charles  Christiansen.  Improvements 
in  valve  devices  applicable  to  tools,  rock  drills  and 
the  like.     5.3.11). 

(P.)  82/10.  Tom  Cecil  Leonard  Howard.  An 
improved  means  for  igniting  the  fuses  of  explosive 
charges  in  blast ing  operations.     5.3.10. 

(I'.)  83/10.  Alfred  Adair.  Improvements  in  pre- 
cipitating apparatus.     .13. 10. 

(P.)  84/10.  William  Cochran  Boyd.  Liners  for 
tube  mills.     7.3. 10. 

(I'.)  85/10.  Joseph  Henry  Dale.  Improvements 
in  feeding  means  for  tube  and  similar  mills.     7.3.  lo. 

(('.)  86/10.  fail  Bosch  (Ii.  Wilhelm  Wild  (2), 
Otto  Schonherr  (3),  Johannes  Brode  (4),  Hermann 
Wolf  (5).  Improvements  in  and  relating  bo  the 
manufacture  of  nitrates,    s.::.  in. 

(I'.)  87/10.  Sidney  Joseph  Crowther  (1),  Wilkin- 
son ami  .lames  Nicholson  (2).  Improvements  in  rock 
drills  with  detachable  cul  lei-.      8.3.  Hi. 

(C.)  8»,  in.  Alfred  Walton  Stocketl  (I).  John 
Hawthorne  Wilson  (2),  John  Whitton  Marshall  (3). 
Improvements   relating  to    doors    for    mine    cages. 

S.3.  III. 

(P.)  90/10.  John  Lowther(l),  Thomas  Thompson 
Niclnd  (2),  Benjamin  Daniel  Bushel!  (3).     Improve" 

nieiii s  in  pipe  couplings.     9.3. 10, 
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(P.)  91/10.  Pretro  Antonio  Chiappero.  Improve- 
ments in  the  treatment  of  ores  and  apparatus  there- 
for.    10.3.10, 

(P.)  02/10.  Charles  Edward  Meyer.  Improve- 
ments in  and  relating  to  the  treatment  of  zinc  gold 
slimes  and  in  apparatus  for  use  in  connection  there- 
with.     LO.3.10. 

(C.)  93/10.  Oscar  Birgen  Carlson.  Improve- 
ments in  the  method  of  providing  ammonium  per- 
chlorate.     11.3.10. 

(P.)  94/H).  Edward  John  Way  (1),  Alexander 
John  Arbuckle  (2).  Improvements  in  vats  or  ve.-sels 
for  the  treatment  of  ores.     11.3.10. 

(C.)  95/10.  Albert  Hibbs  Taylor.  Improvements 
in  rotation  devices  for  fluid  pressure  operated 
hammer  tools.     11.3.10. 

(C.)  96/10.  John  Dewrance  (1),  Herbert  Ernest 
Williams  (2).  Improvements  in  the  manufactuie  of 
alkaline  cyanides.     11.3.10. 

(P.)  97/10.  Alexander  Gemmell,  Acetylene 
hand  lamps.      12.3. 10. 

(P.)  99/10.  Wallace  Puckey  (1),  Eber  Nice  (2), 
William  Joseph  Carter  (3),  Harold  Westmoreland 
Carter  (4).     Improvements  in  ore  feeders.     14.3.10. 

(P.)  100/10.  Paul  Jerrard.  Improvements  in 
and  relating  to  flying  machines,  airships  and  the 
like  and  in  apparatus  therefor  partly  applicable,  also 
to  other  motor  actuated  machines.     15.3.10. 

(P.)  101/10.  James  Arthur  Hart.  An  improved 
process  for  the  reduction  of  tin  from  cassiterite  ores 
and  concentrates  thereof  and  apparatus  therefor. 
15.3.10. 

(P.)  102/10.  James  Drage.  Improvements  in 
filtering  machines.     15.3.10. 

(P.)  103/10.  Roelof  Petrus  van  der  Merwe.  Auto- 
matic gate  for  railway  level  crossings,  roads,  etc., 
to  be  put  in  action  by  trains,  carts,  etc.,  respectively. 
16.3.10. 

(P.)  104/10.  Lars  Pedersen.  Improvements  in 
respiratory  devices  for  use  in  mining  and  the  like. 
16.3.10. 

(P.)  105/10.  John  Henry  Anton.  Improvements 
in  method  of  attaching  pulleys  or  similar  devices  tc 
revolving  shafts.     17.3.10. 

(P.)  106/10  William  McFarlane  (1),  Thomas 
Harrison  (2).  Improvements  in  rollers  for  haulage 
ropes  and  the  like.     17.3. 10. 

(P.)     108/10.     Hermann    Stadler. 
in  pulp  settling  apparatus.      17.3.10. 

(P.)     109/10.     Junius  Ford  Cook. 
in  tube  mill  feeding  devices.     17.3.10. 

(P.)     110/10.     Junius   Ford  Cook, 
in  means  for  feeding  pebbles  to  tube  mills.      17.3.10. 

(P.)  111/10.  Andrew  Francis  Brink.  Improve- 
ments in  respiratory  devices.     17.3.10. 

(C.)  112/10.  James  Hodgkinson.  Improvements 
in  or  relating  to  mechanical  stokers  for  boilers  and 
other  furnaces.      18.3.10. 

(C.)  113/10.  Louis  Brennan.  Improvements 
relating  to  methods  of  and  means  for  imparting 
stability  to,  and  maintaining  stability  of  bodies  such 
as  single  track  vehicles  or  vessels.     18.3.10. 

(P.)  114/10.  Alexander  Souter  (1),  Thomas 
Pearson  Smith  (2).  Improvements  in  shaft  hearings. 
1S.3.10. 

(P.)  115/10.  William  Charles  Chergivin.  Im- 
provements in  apparatus  for  use  on  sands  and  other 
dumps.     18.3.10. 

(C.)  116/10.  Carl  Giesecke.  Process  and  appa- 
ratus for  dressing  ores.     18.3.10. 

(0.)  117/10.  Hans  Charles  Behr.  Improvements 
jn  stamp  mill  cams.     18.3.10. 


Improvements 
Improvements 
Improvements 


(C.)  118/10.  Paul  Destefani.  Improvements  in 
devices  for  burning  paralline,  wax,  or  the  like,  for 
illuminating  or  other  purposes.     21.3.10. 

(P.)  119/10.  Henry  Alford  Walker.  Improve 
ments  in  drills  or  hits  applicable  for  rock  drilling  and 
like  operations.     21.3. 10. 

(P.)  120/10.  .lames  Inglis.  Improvements  in 
automatic  tipping  apparatus  for  mine  trucks  and  the 
like.     21.3.10. 

(P.)  121/10.  James  William  Straughan.  Mecha- 
nism for  driving  reciprocating  pumps  or  the  like,  by 
means  of»a  wind  or  other  motor.     21.3.10. 

(P.)  122/10.  William  Arthur  Caldecott.  Im- 
provements in  means  for  transporting  and  de-water- 
in-  pulps.     23.3.10. 

(P.)  123/10.  Andrew  Danks.  Improvements 
appertaining  to  amalgamating  plates  or  surfaces. 
23.3.10. 

(P.)  124/10.  Alfred  Adair.  Improvements  in 
lixiviating  apparatus.     23.3.10. 

(P.)  125/10.  Samuel  Pram  Brook.  Improve- 
ments in  linings  for  tube  mills.     23.3.10. 

(C. )  127/10.  Edwin  Burt.  Process  of  nitration. 
24.3.10. 


Changes  of  Addresses. 

Members  and  Associates  are  requested  to  notify  the 
Secretary  immediately  of  any  change  in  address, 
otherwise  it  is  impossible  to  guarantee  the  delivery  of 
Journals  or  Notices.  The  Secretary  should  be  notified 
of  non-receipt  of  Journals  and  Notices  at  once. 

Ball,  H.  S.,  l/o  Johannesburg;  c/o  Standard  Bank 

of  S.A.,  Ltd.,  Clements  Lane,  London,  E.C. 
Bosanquet,   F.   G.,  l/o  Hereford  ;  Van  Ryn  Deep, 

Ltd.,  Benoni. 
Brunton,  W.  G.,  l/o  Premier  Mine  ;  101,  Staib  St., 

Doornfontein,  Johannesburg. 
ClNDEL,  F.  W.,  to  D  Section,  Crown  Mines,   Ltd., 

P.  O.  Box  156,  Fordsburg. 
GERLINGS,    H.,    to   46,    Hoofd    St.-,    Braamfontein, 

Johannesburg. 
Hamilton,   E.    M.,  i/o  San  Francisco;  c/o  Dolores 

Mines  Co.,  112,  Broadway,  New  York,  U.S.A. 
Heeley,  A.  W.,  l/o  Essexvale  ;  Mozambique  Mines 

Office,    P.    O.    Box   2,  Macequeece,  Portuguese 

East  Africa. 
Hesom,    W.     W.,    l/o   Eureka;    44,   Gordon   Road, 

Bertrams,  Johannesburg. 
Hill,  J.  Whitelaw,  l/o  Scotland  ;  P.  O.  Box  142, 

Salisbury,  Rhodesia. 
Holden,  W.  C,  l/o  Boksburg  ;  North  Randfontein 

G.  M.  Co.,  Ltd.,  P.  O.  Box  26,  Randfontein. 
McEWEN,   M.   T.,  l/o  Selukwe:  Asp  Mine,   P.    O. 

Kinrberley  Reefs,  Rhodesia. 
MEDLIN,    E.   J.    G.,  l/o  Germiston  ;  P.  O.  Box  275, 

Akron,  U.S.A. 
MORRISON,  S..  t<>  P.  O.  Box  102,  Fordsburg. 
NICHOLSON,   A.    S.,  l/o  (iermiston  ;  Robinson  Deep 

G.  M.  Co  ,  Ltd.,  P.  O.  Box  1488,  Johannesburg. 
Roake,  H.  C,  l/o  Germiston  ;  108,  Main  Reef  Road, 

Denver. 
ROBERTS,   S.,   l/o   Randfontein;  Krugersdorp  Club, 

Krugersdorp. 
Strout,  E.  A.,  to  c/o  Compaiiia  de  Santa  Gertrudis, 

S.A..  Pachuca,  Hidalgo,  Mexico. 
Thomas,   G.   G.,   St.Inst.M.M.,   l/o  Johannesburg; 

P.  0.  l!o\  43,  Sabie. 
Tonnesen,  0.  S  ,  l/o  London  ;   Past  Band  Proprie- 
tary Mines,  Ltd.,  P.  0.  Box  65,  East  Rand. 
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Proceeding's 


Ordinary  General  Meeting*, 
April   16,   1910. 


The  Ordinary  General  Meeting  of  the  Society 
was  held  in  the  Lecture  Theatre  of  the  Trans- 
vaal  University   College,    on  Saturday    evening, 
April      16th,      Mr.      A.      McArthur     Johi 
(President)    in    the    chair.       There    were 
present :  — 

65    Members  :     Dr.  J.  Moir,  Messrs.    W.    I!. 
Qowling,  C.    I>.   Saner,    F.    I'.   Alexander,    E.    II. 
Croghan,    A.     Richardson,    G.    0.    Smart. 
G.  II    31  J.  E.  Thomas,  A.  Whitby,    II.   A. 

White,  Prof.  J.  A.  Wilkinson,  A.  V.  (  li 
W.  A.  Caldecotf ,  R.  G.  Bevington,  II.  A.  Adams, 
R.  Allen,  S.  Beaton,  F.  W.  Bentley,  B.  V. 
Blundun,  F.  W.  Cindel,  A.  A.  C  >aton,  M  II. 
Coombe,  W.  M.  Coulter,  \\ .  II.  Cusworth,  G.  G. 
Ferris,  J.  Gaze,  -I.  Gray,  W.  L.  Bamilton,  Dr. 
.1.  McC.  Benderson,  A.  E.  Irwin,  J.  II.  Jol 
,1.  A.  Jones,  <  I.  A.  Lawson,  II.  Lea,  ■'.  Lea,  R. 
MacGregor,  C.  E.  Meyer,  .1.  T.  Mitchell,  II. 
Morrell,  I'.  T.  Morrisby,  M.  T.  Murray,  S.  Newton, 
II.  (i.  Nichols,  E.  A.*  Osterloh,  E.  Pam,  F.  D. 
Phillips,  .1.  F.  Pyles,  E.  T.  Band,  L.  .1.  Robinson, 
W.  II.  Roe,  II.  Ross,  O.  I>.  Ross,  A.  Salkinson, 
( '.  I'..  Simpson,  S.  II.  Steels,  R.  Stokes,  A. 
Thomas,  -I.  M.  Thorburn,  ( >.  S.  Tonnesen,  ('. 
Toombs,  -I.  K.  Walker,  F.  Wells  and  I,  .1. 
Wilmoth. 

•_'.">  Associates  ami  Students:  Messrs.  ( '.  F. 
Bayly,  ( '.  V.  Bruce,  G.  .1.  V.  Clarence,  C.  L. 
I  >ewar,  ('.  E.  Hawkins,  W.  .1  R  Bui 
Kin-,  C.  -I.  McCaffrey,  G.  Muss,,,,.  X.  X. 
Newland,  .1.  G.  Peebles,  -I.  Pope,  II.  W.  Powter, 
II.  C.  Rdake,  M.  Schaap,  T.  F.Smith,  B.  Stadler, 
I).  .1.  Thomas,  .1.  Thorlund,  W.  Waters,  F. 
nweiler,  W.  Webb  ami  L.  A.  Womble. 

_'.")  Visitors,  ami    Fred.  Rowland,  Secretary. 

Tin'  minutes  of  the  previous  month]}  meel 
a-,    printi  d    in    the    March    Jo  vrnal,    were 
firmed. 


NEW    MBMBI 

Messrs.    J.    E.    Thomas    ami    Pi.    Allen    were 
appointed  scrutineers,    and    after  their  scrutiny 
of  the  ballot    papers,    the  President   announced 
that  all  the  candidates  for  membership  had 
unanimously  elected,  as  follow 

Cook.  James,   Battlefields   Mine,  Rhodesia.     Mine 

Manager. 
Doveton,    Douglas    Hodson,    Groenfontein    Tin 

.Mine-,  Potgietersrust.     Mining  Engine 
Olsen,  Arnold  Carl  Louis,  Ferreira  Deep,  Ltd., 

I'.    <  >.     Box     1056,     Johannesburg.       Resi 

Mechanical  Engineer.     (Tra  Assoriatc 

Hull.  ) 

Paterson,  William  James,  East  Rand  Proprie 
tary  .Mines.  Ltd..  I'.  ().  Box  56,  East  Rand. 
Engineer. 

Webb,  Cecil  Francis,  Geldenhuis  Depp,  Ltd.. 
I'.  ( ).  Box  I.  Cleveland.     Cyanider. 

The  Secretar,T  announced  that  since  the   last 
meeting  of  the  Society  the  Council  had  admitted 
student  member  : 

C  vlderwood,  Dougl  vs  Vhcm;,  Ferreira  < ;.  M 

Ltd.,   P.   O.    Box    1021,   Johannesburg.     Mining 
Apprentice. 

Gener  \t.   Businj 

The  President  drew  attention  to  th< 
ments    made    for    the    Annual    Dinner    of    the 

■\  to  be  held  on  the  1-kh   May.  saying  that 
it  was  hoped  to  make  the  function  a  su 

ible  than   in  the  past,  by  the  introduc- 
tion of  round  tables,  at  which  six  or  eight  pi 
could  sit  down  together. 

presentation  to  lord  selborne. 

wit  to  draw  your  at 
that  last  evening  I  had  the  h<  nting 

and    in    the    name    of    the   otl 

techn  ies  of  the 

Rhodesian   mal  id  within  this.were 

samples  of  the  divi  which  tl 

indergo    in    its  until 

which 
in    the  cabinet.      Along  with  th 
allium  containin ; 
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vaal.  They  were  a  fine  collection,  and  His 
Excellency  was  greatly  pleased  with  the  pre- 
sentation. 

SEVENTEENTH    ANNIVERSARY. 

Another  matter  to  which  I  wish  to  call  atten- 
tion is  that  we  are  now  celebrating  our  17th 
birthday,  and  I  need  not  say  how  much  the 
Society  has  gone  ahead  since  it  was  formed.  [ 
have  here  the  minutes  of  the  first  meeting  held. 
These,  you  will  be  pleased  to  hear,  are  in  the 
handwriting  of  our  Vice-President,  Mr.  Dowling. 
From  the  records  of  this  meeting  it  will  be  seen 
that  Mr.  A.  F.  Crosse  was  in  the  cha^r,  and  many 
other  well-known  names  appear.     They  were  :— 

Messrs.  W.  Bettel,  T.  W.  Wood,  J.  Littlejohn, 
A.  Adair,  S.  H.  Pearce,  R.  E.  Hall,  W.  R. 
Feldtmann,  F.  B.  Stephens,  A.  F.  Stewart,  T.  W. 
Thomson,  H.  F.  Julian,  S.  B.  Asher  and  W.  R. 
Dowling. 

These  were  our  pioneers.  It  is  also  interesting 
to  read  here  the  suggestions  which  were  brought 
forward  and  adopted  as  the  basis  of  our  Society. 
The  following  suggestions  were  approved  of  : — 
"  That  members  of  the  Society  meet  once  a 
month,  and  the  day  of  the  month  be  the  third 
Saturday  of  each  month."  For  16  years  we  have 
met  on  this  third  Saturday  of  each  month. 
Secondly,  "  That  the  amount  of  the  subscription 
to  the  Society  be  left  in  the  hands  of  the  Com 
mittee,  with  a  recommendation  that  it  be  made 
as  low  as  possible."  That  also  we  have  tried  to 
keep  up.  Third,  "  That  membership  be  open  to 
members  of  the  assaying  profession  and  of  the 
chemical  industry,  and  that  membership  be  subject 
to  ballot  and  be  unlimited  as  to  numbers."  Gentle- 
men, we  have  followed  this  out  as  best  we  could. 
Starting  with  a  dozen  men  who  attended  the  first 
meeting,  we  have  a  total  membership  of  just  on 
1,200  members.  I  think  we  may  congratulate 
ourselves  that  we  have  done  so  well,  and  also  on 
the  fact  that  as  regards  the  matter  published  in 
our  Journal,  equally  excellent  progress  has  been 
made. 

TEST    FOR    PRUSSIC    ACID. 

Dr.  J.  Moir  (Vice-President)  :  I  have  a  little 
demonstration  to  make,  of  a  new  test  for  prussic 
acid  which  I  have  invented.  The  principle  of  the 
test  is  the  oxidising  action  produced  when  a 
cupric  salt  is  added  to  prussic  acid  (owing  to  its 
reduction  to  cuprous  cyanide).  An  organic  com- 
pound which  oxidises  to  a  coloured  substance  is 
added,  and  the  most  sensitive  one  I  have  found 
is  hydrocoerulignone.  The  test  is  sensitive  to 
something  like  one  part  in  5,000,000  of  water, 
but  unfortunately  the  reagent  is  rather  unstable  ; 
however,  other  oxidisable  substances  of  the  same 
class  will  answer  although  not  so  sensitive,  and 
some  of  these,  like  benzidine,  keep  much  better. 
The   reactions   in   the   case   of  the  very  sensitive 


reagent   (copper  acetate,  acetic   acid  and  hydro- 
coerulignone) are  : — 
(1)  2CuA2  +  2HCN  +  H20  =  2CuCN  +  4HA  +  O. 

OCH3 

\— OH  +  0  = 

OCH, 

OCH, 


CH3O 
HO— . 
CH.O 


CHX> 

°< 

CH,Q" 


O  4-  H,0 


OCH, 


Coerulignone 
In  very  dilute  solutions  an  instantaneous  orange 
colour  is  obtained,  and  in  stronger  solution  a  red 
precipitate  of  coerulignone  which  possesses  a 
violet  lustre.  If  benzidine  be  used,  the  colour 
obtained  is  indigo  blue. 

Mr.  H.  A.  White  (Member  of  Council):  I 
should  like  the  Doctor  to  explain  if  this  substance 
would  not  directly  show  the  presence  of  Ho0o. 

Dr.  J.  Moir:  Yes,  it  is  an  indirect  test  for 
HCN,  and  the  reaction  is  also  given  by  oxidising 
agents  such  as  FeCl3  or  H202.  It  can  be  applied 
on  a  test  paper  in  such  a  case,  as  oxidising  agents 
are  not  volatile  as  a  rule. 

Mr.  A.  F.  Crosse  (Past-President)  :  Suppos- 
ing there  was  a  small  amount  of  gold  in  the 
water,  would  it  still  cause  a  reaction  ? 

Dr.  J.  Moir:  I  think  it  would,  because  in 
that  case  there  would  always  be  an  excess  of 
cyanide,  over  and  above  that  combined  with  the 
gold. 

Mr.  A.  F.  Crosse  :  No,  there  should  not  be. 
In  return  water  there  might  be  a  grain  or  two  of 
gold  in  solution.  Outside  that  gold — there  is 
perhaps  only  one  or  two  grains  per  ton- — there  is 
probably  no  cyanide  present.  Still  we  could 
prove  the  presence  of  cyanide.  Would  this  test 
show  it  ? 

Dr.  J.  Moir  :  I  think  it  would,  but  I  should 
prefer  to  try  the  experiment. 


THE  TREATMENT  OF  ACCUMULATED 
SLIME,    AND   THE   USE   OF   FILTER 
PRESSES  FOR  CLARIFYING  SLIME  SOLU- 
TION AND  BY-PRODUCTS. 


By  John  D.   O'Hara  (Member). 

As  the  treatment  of  current  and  accumulated 
slime  by  filter  presses  is  now  and  again  being 
brought  forward,  the  writer  thinks  it  may  be  of 
interest  to  members  to  give  his  experiences  in 
treating  accumulated  slime  by  filter  presses,  com- 
pared with  the  decantation  and  the  Adair-Usher 
processes. 
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The  Meyer  &  Charlton  and  George  Goch 
Companies  also  had  filter  presses,  but  an  improved 
type,  the  Dehne  press,  and  in  those  days  1904  to 
1906,  it  was  freely  stated  that  the  decantation 
process  had  seen  its  last  days.  I  understand 
that  one  of  the  companies  mentioned  is  now 
using  the  decantation  or  the  Adair-Usher  process. 
On  taking  charge  of  these  works  (Nigel  G.  M. 
Co.)  in  October,  1904,  I  found  that  a  filter  press 
plant  had  just  been  erected,  consisting  of 
Three    (3)    4    ton    Johnson    presses,    with    the 

necessary  plant. 
One  Monteju, 

Three  small  circular  iron  solution  vats. 
Two  air  receivers,  and 
Two  agitating  vats. 

The  accumulated  slime,  averaging  1 1  dwt.  and 
over,  was  treated  as  follows  : — 

The  slime  was  hauled  from  the  slime  storage 
dam  in  trucks  to  a  platform  over  the  two  agitating 
vats  half  full  of  water,  with  sufficient  lime 
(caustic  soda  was  first  used,  but  found  too 
expensive)  to  neutralise  the  acid  in  the  slime, 
which  was  very  acid.  The  slime  was  dumped 
into  the  agitating  vats,  thoroughly  mixed,  and 
the  pulp  thereafter  run  from  these  by  gravitation 
to  the  Monteju,  whence  it  was  sent  to  the  presses, 
one  of  which  was  filled  at  a  time,  by  compressed 
air.  Then  the  required  cyanide  solution  washes 
from  the  circular  solution  vats  were  applied  with 
a  final  water  wash,  after  which  air  was  blown 
through  the  press  to  dry  the  slime  before 
discharging  into  trucks  under  the  presses  ;  from 
there  the  slime  cake  was  taken  by  mechanical 
haulage  to  the  sand  dump.  All  the  solutions  were 
passed  through  the  presses  by  compressed  air, 
and  the  moisture  of  the  filter  pressed  slime 
averaged  25%  to  30%. 

The  treatment  was  successful  but  the  working 
cost  was  too  high,  and  in  treating  8,000  tons  this 
was  estimated  at  12s.  per  ton.  The  residues  were 
irregular  owing  to  the  high  %  of  sand  in  the 
accumulated  slime.  As  low  as  "4  dwt.  residues 
were  obtained. 

Average  charge  ...   11  "340  dwt. 

Average  residue  ...  1322  ,, 
Average  extraction  ...  10*018  „  =88% 
It  was  naturally  thought  that  the  solution 
would  be  clear  enough  to  gravitate  to  the 
extractor  boxes,  but  we  soon  found  that  we  had 
to  erect  filter  vats,  the  same  as  are  used  for  the 
decantation  process.  filter  cloths  were  an 
expensive  item  ;  50  in.  cloths  were  used,  specially 
imported,  but  they  only  lasted  a  few  charges, 
whilst  the  small  tonnage  treated  gave  no  oppor- 
tunity to  reduce  the  cost  per  ton. 

The  causes  of  the  failure  of  the  presses  can  be 
summed  up  as  follows  : — 


1 .  Cost  of  cloths  mentioned  above. 

2.  Heavy  consumption  of  cyanide  and  lime. 

3.  Cost  of  handling  the  slime  from   the   dam  to 

the  dump. 
i.   Not   being  able   to   do   more   than   12  to  14 
presses  in  24  hours  =  from  48  to  5(i  tons. 

Some  members  who  have  had  experience  with 
filter  presses,  may  claim  that  more  tonnage  could 
have  been  treated,  so  I  might  mention  now  that 
the  Nigel  was  visited  by  a  good  many  practical 
and  experienced  filter  press  men,  including  Dr. 
Diehl  and  Johnson's  representative,  who  after 
carefully  examining  the  method  of  working,  were 
convinced  that  a  larger  tonnage  could  not  be 
done  in  the  24  hours. 

In  August,  1 905,  we  decided  to  try  the  experi- 
ment of  pumping  the  accumulated  slime  to  the 
tailing  wheel,  with  the  idea  of  separating  the 
sand  and  slime  in  the  ordinary  way.  This  proved 
successful,  and  the  filter  press  plant  was  closed 
down  in  October,  1905.  The  slime  was  agitated 
and  circulated,  using  a  5"  Morris  pump  with  an  air 
jet  in  the  delivery  of  the  pipe  line  to  the  tailing 
wheel. 

We  then  tried  to  make  use  of  the  filter  presses  by 
pumping  the  slime  from  the  decantation  plant  to  the 
agitators,  and  from  there  into  the  presses,  with  the 
idea  of  recovering  the  gold  in  solution  and  poss- 
ibly reducing  the  percentage  of  undissolved  gold. 
Even  this  did  not  pay  the  cost  of  handling  the 
slimes,  though  the  gold  in  solution  was  recovered. 
The  amount  of  undissolved  gold  remained  unalter- 
ed. It  was  cheaper  to  discharge  to  the  slime  dam 
and  pump  back  the  solution,  i.e.,  by  using  a  pump 
placed  at  the  bottom  end  of  the  dam.  Then  we 
tried  using  the  presses  to  clarify  the  slime 
decanted  solution.  This  proved  successful  and  we 
have  used  them  for  that  purpose  since  that  time. 

The  advantages  gained  are  : — 

(a)  An  ideal  clear  solution  for  precipitation 

of  gold  in  the  extractor  boxes. 

(b)  No  trouble  by  having  to  clean  out  filter 

tanks. 
(f)  Cleaner  gold  slime  for  smelting. 
It  was  a  relief  after   12   months'   hard   work   to 
make  the  filter  presses  pay  and  to  eventually  find 
them  of  some  use. 

The  slime  charges  from  November,    1904,  to 
October,  1905,  before  we  determined  to  pump  the 
accumulated  slimes  to  the  wheel  (except   experi- 
menting  from    August,   1905)  were  5038  dwt 
Residues  ...         ...         ...  '7JJ0  dwt. 

Extraction  ...  ...  ...  1*318  dwt. 

=  85-70^ 
From  November,  1905,  to  Ju  ie,  1909  : 
Charges  ...         ...         ...         4*156  dwt. 

Residues  ...  ...  188  dwt. 

Extraction         ...         ...         ...         3*468  dwt. 

=  8311 
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The  cost  of  handling  accumulated  .slime  to  the 
wheel  averaged  7s.  to  8s.  per  ton.    chiefly    owing 
to  there  not  being  sufficient  capacity  in  our  slime 
plant.     This  has  now  been   enlarged,   with 
duction  in  cost  to  an  average  of  about  5s.  per  ton. 

After  the  stored  accumulated    slime  had 
finished,  the  General   Manager   decided   to   clean 
out  the   old   water  dam.       Owing   to    the    .sand, 
gravel,  ashes,    weeds,   and  goodness  knows  what 
pump   was   continually    blocking 
up.     This  difficulty  was  overcome  by  erecting  a 
Chilian  mill  or  puddler  over  the   agitating    tank. 
A  cone  was  fixed  in  the  tank,  and  the  agitator  done 
away    with.       Everything    passed   through    the 
puddler,  and  since  then    the  pump   has  given   no 
trouble.        The    weeds    were    another    source   of 
le,  so  a  launder   was   fixed    over   the   tanks 
with  small   screens,    and  two   boys   employ 
keep  the  screens  clear.     The  same  was   don 
the    tailings   wheel.         The    decayed    vegetable 
matter  forms  an  excellent   manure,    and    this  we 
use  on  the  farm.     Naturally,  the  bottom  of  the 
dam  was  the  richest,  and  it   paid    us    to  take   at 
least  six  inches  of  the  black  mud.       The  effluvia 
from    stagnant    water   was   not    to   be  compared 
with  the  stench  from  the  puddler  while   working 
the  bottom  of  the  dam. 

Since  July,  1009,  all  the  current  and  accumu- 

slimes   have    been    treated    by    the   Adair- 

l" slier  process,  with  the  following  results  to  date  : 

Average  Charge  ...  ...  3'812  dwt. 

Average  Residue  ...         ...  473  dwt. 

Extraction  ...  ...  ...  3-339  dwt. 

=  87-59% 
which  gives  an  average  of  1*89%  and  4T5/!  better 
extraction  in  favour  of  the  Adair-Usher  process. 

The  past   three  months,    January,    February. 
and  March,  are  better  still. 
Average  charge  ...  ...       ."••Goo  dwt. 

Average  residue  ...  ...       0-351  dwt. 

Extraction     ...  ...  ...       3 '284  dwt. 

=  9037     -5-J 
in  favour  of  Adair-Usher,  averaging  85'70%  and 
83-44%. 
The  residue  samples  taken  are  : — 

(a)  One  washed  sample  for  the  undissolved 

gold. 

(b)  A  dip  sample  before  discharging. 

(c)  A   dip   sample  just  before  washing  out 

the  cone. 

(d)  One  taken  every  10  minutes  while  dis- 

charging,  at   the   delivery  of    the  pipe 

into  the  slime  dam. 
The  Adair-Usher  process  is,  in  our  opinion, 
nothing  more  or  less,  than  a  good  quick  washing 
process.  It  is  not  effective  for  dissolving  the 
gold,  but  only  displaces  the  rich  gold  solution, 
so  that  the  gold  must  be  dissolved  before  trans- 
ferring to  the  Adair-Usher  vat. 


Circulating  in  one  vat  for  dissolving  gold  in 
either  of  the  two   pi  i.e.,  decantation  or 

Adair-Usher,  is  waste  of  time,  for  the  cone  slime, 
which  naturally  contains  the  most  gold,  is  not 
got  at.  A  transfer  from  one  vat  to  another  is 
worth  all  the  time  wasted  on  circulating,  since 
ie  slime  all  passes  through  the  pump.  This 
ecially  noticed  when  treating  rich  slime,  and 
should  be  the  same  for  poor  slime.  We  have 
also  noticed  that  the  slime  in  the  Adair-Usher 
vat  after  being  shut  off  for  settlement  for  dis- 
charge to  dam,  settles  quicker  than  settlement 
by  the  decantation  process.  This  is  perhaps 
accounted  for  by  the  slime  gradually  settling 
while  the  solution  is  being  slowly  displaced.  We 
can  thus  always  rely  on  a  complete  hard  settle- 
ment within  24  to  28  hours,  after  washing. 

The  percentage  of  accumulated  slime  treated 
daily  as  to  current  slime  is  50  ton  =  30%.  The 
average  value  of  the  accumulated  slime  treated 
since  November,  1904,  is  10  dwt.  It  now  aver- 
ages about  (i  to  7  dwt.  The  solution  decanted 
per  ton  of  dried  slime  =  5  to  6  ton. 

For  the  past  two  years  we  have  used  what 
waste  steam  is  available  for  heating  the  slime 
solution,  and  especially  during  the  winter  months 
it  is  a  decided  advantage  foi  quick  settlement, 
for  in  treating  current  and  accumulated  slime, 
settlement  is  not  as  good  as  when  treating  current 
slime  alone,  which  is  perhaps  accounted  for  by 
the  fact  that  oxidised  slime  is  very  light. 

The  writer  used  warm  solutions  in  1896  at  the 
Pdp  G.  M.  C,  Luipaards  Vlei,  when  treating  free 
milling  ore  by  direct  treatment. 

By  Products. —Owe  filter  press  plant  being 
useless,  apart  from  the  presses,  we  decided  to  use 
the  Monteju  for  black  sand  treatment.  One  of 
the  agitators  was  placed  in  the  Monteju,  andiron 
scrapers  fixed  to  the  arms  about  half  an  inch  from 
ittom.  About  half  a  ton  of  black  sand  was 
agitated  with  cyanide  solution,  and  decanted  off 
by  gravitation.  The  average  extraction,  by 
solution  assays  and  ordinary  residue  sample 
amounted  to  92  to  94%.  One  of  the  circular 
solution  vats  was  lined  out  with  old  tube  mill 
liners,  and  used  for  grinding  purposes,  imported 
pebbles  1  teing  the  grinding  medium.  The  charges 
consisted  of  slag,  old  pots,  liners,  and  ash  from 
the  smelting  room  with  silver  added.  Good  results 
were  obtained,  the  residue  averaging  from  1  to  3  OZ. 
The  batea  was  made  by  using  the  cover  of  the 
Monteju,  and  is  driven  from  the  counter  shaft  of 
the  accumulated  slimes  plant.  The  rest  of  the 
planl  the  engineer  has  made  use  of,  air  receivers, 
etc.,  so  the  filter  press  plant  is  gradually  paying 
for  itself.  It  is  much  more  satisfactory,  especially 
on  an  outside  mine,  to  treat  by-products  and 
recover  the  gold  every  month,  than  to  bag  and 
store  them  till  a  purchaser  materialises. 
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My  thanks  are  due  to  our  General  Manager, 
Mr.  Curnow,  for  his  permission  to  publisl  these 
figures,  and  to  the  Resident  Engineer,  Mr.  W.  H. 
Bodilly,  for  his  valuable  advice  and  assistance, 
without  which  we  could  not  have  succeeded  in 
converting  the  plant  for  successful  work. 

The  President :  In  proposing  a  vote  of 
thanks  to  Mr.  O'Hara  for  his  interesting  paper  on 
his  experiences  at  the  Nigel,  I  feel  that  some 
excellent  discussion  should  ensue,  and  that  this 
should  be  the  means  of  eliciting  information  as  to 
work  done  not  only  in  the  outside  districts  but 
on  the  Hand.  The  treatment  of  accumulated 
slime  has  not  been  well  discussed  in  this  Society 
in  the  past,  and  Mr.  O'Hara's  results  should 
certainly  stimulate  interest  therein.  The  idea  of 
sending  the  accumulated  slimes  to  the  wheel 
after  washing  and  breaking  up  seems  a  good  one, 
and  the  results  obtained  certainly  guarantee  its 
continuation.  I  would  like  to  emphasise  one  point 
in  this  paper  before  it  is  published  and  gets  to 
foreign  readers  and  that  is  that  the  residues 
quoted,  are  not  representative  of  those  in  present 
day  Hand  practice.  Mr.  O'Hara  had  a  difficult 
proposition  to  handle.  He  was  dealing  with 
accumulated  slimes  with  a  considerable  percentage 
of  sand,  and  a  large  amount  of  organic  matter,  the 
deleterious  effects  of  which  we  know,  and  his 
results  therefore  represent  work  done  under  quite 
different  conditions  than  obtain  on  the  Hand.  In 
addition,  Nigel  reef  results  would  not  be  compar- 
able with  those  obtained  on  the  Rand,  since 
the  ore  there  is  not  so  amenable  to  treatment.  I 
bring  forward  this  matter  to  prevent  misunder- 
standing for  as  some  of  you  may  have  noticed  in 
the  February  Journal*  there  is  an  abstract 
wherein  the  writer  deduces  from  some  remarks  in 
a  report  issued  by  one  of  our  members  that  Rand 
slime  practice  must  be  at  a  low  ebb.  He  fails  to 
realise  that  what  may  be  justifiably  applicable  to 
one  small  property  is  not  in  force  on  all  the  mines 
here.  He,  from  want  of  knowledge,  not  to  put  too 
fine  an  edge  on  it,spreads  himself  out  andproclaims 
at  large  the  backward  state  of  Rand  metallurgy. 
From  such  procedure  I  wish  to  protect  Mr. 
( )'Hara  and  other  members — hence  these  remarks. 


SOME    EXPERIMENTS    ON    SMELTING 
TITANIFEROUS  IRON  ORE. 


Part  II.—  Furnace  Experiments. 


By  Prof.  G.  H.  Stanley  (Member  of  Council). 

The  first  small  blast  furnace  devised  for  these 
tests  consisted  of  a  steel  sulphuric  acid  drum,  of 
18  in.  diameter,  lined  with  I.1,  in.  firebrick,  so 
that  the  internal  diameter  was  9  in.,  and  height 
42  in.  over  all. 

*See  this  Journal,  vol.  x..,  Feb.,  1910,  p.  390. 


Three  twyers  were  provided,  of  f  in.  steam  pipe, 
entering  the  furnace  about  Gin.  above  the  hearth 
bottom. 

The  ores  employed  were  the  Onderstepoort 
titaniferous,  as  in  the  previous  tests,  and  silicious 
ore  from  the  Timeball  Hill    Range,  Pretoria. 

The  former  apparently  occurs  in  three  parallel 
reefs,  and  the  latter  in  two,  the  results  of  their 
analysis  being  shown  below,  together  with  that 
of  the  dolomite  from  Irene,  used  as  flux. 
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In  the  first  attempt,  after  getting  the  furnace 
hot  and  melting  down  scrap  in  it  to  carry  heat  to 
the  hearth,  a  charge  was  weighed  out  ot  ore, 
broken  to  half  inch  cubes,  and  mixed  with 
dolomite  in  the  proportions  calculated  to  yield  a 
slag  of  the  composition  indicated  by  the  crucible 
experiments,  the  coke  used  being  in  pieces  of 
2  or  3  in.  diameter.  This  melted  down 
rapidly  and  ran  very  liquid  from  the  furnace, 
very  little  iron  being  reduced. 

In  two  or  three  further  tests  the  ore  was 
reduced  to  pass  a  10  mesh  screen,  and  coke 
broken  to  about   1  in.  cubes.     As  a   result,  iron 
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was  reduced,  but  always  in  the  form   of  spongy 
blooms   of   soft  iron  of  not  more  than  3  or  4  lb 
weight;  this  accumulated  in  the  hearth,  ultimately 
stopping  the  tap  hole.     The  slags,  however,  were 
very  fluid,  and  also  very  corrosive,  as  the  furnace 
lining  was  badly   cut ;  the  analysis  of  a  typical 
specimen  is  as  follows  : — 

Si0o  ...  ...  24-5% 

TiO;  ...  ...  10-0% 

A1003  ...  ...         30-7% 

Feb  ..  ...         20-1-% 

CaO  ...  ...  8-5% 

MgO,  etc.  \  g.w 

not  determined  J         ""  '° 

At  about  this  stage,  through  the  good  offices 
of  Mr.  Harbord,  the  authorities  of  the  Central 
South  African  Railways  arranged  for  one  of  the 
foundry  cupolas  in  the  Pretoria  workshops  to  be 
placed  at  my  disposal  for  a  month,  to  make 
experiments  on  a  larger  scale,  and  as  a  result  of 
the  representations  of  Mr.  Kotze,  the  Government 
Mines  Department  undertook  to  defray  the  cost 
of  the  materials,  etc.,  used.  Further  work  with 
this  small  furnace  was  therefore  abandoned,  and 
indeed  seemed  unlikely  to  yield  successful  results, 
on  account  of  its  small  size,  and  the  next 
experiments  were  conducted  at  Pretoria. 

The  furnace  used  was  one  of  Thwaite's 
"  Rapid "  cupolas,  provided  with  drop-bottom, 
fore-hearth,  and  two  rows  of  twyers  ;  the  inside 
diameter  at  the  charge-floor  being  32  in.,  and  in 
the  hearth  22  in.  The  height  from  charge-floor 
to  top  twyers  was  12  ft. 

For  the  purpose  of  the  experiments  the  fore- 
hearth  was  stopped  off,  the  bottom  doors  removed, 
and  a  brick-lined  steel  plate  receiver  hung  from 
the  bottom  to  form  a  hearth.  Unfortunately, 
the  construction  of  the  furnace  itself  only  allowed 
of  a  3  in.  lining  in  this  hearth,  and  although  it 
was  packed  round  with  sand  it  cooled  too  rapidly 
and  was  discarded  after  the  first  two  runs.  For 
subsequent  runs  the  drop  doors  were  placed  in 
position  and  a  hearth  bottom  formed  on  them  of 
sand  and  clay,  a  tap  hole  being  improvised 
through  the  fettling  door  at  the  side.  The  slag 
tap  hole  was  formed  by  making  a  hole  through 
the  iron  casing  of  the  furnace  and  bolting  on  a 
runner,  just  below  the  air  belt,  which  latter,  of 
course,  made  it  impossible  to  place  this  hole  any 
higher  up  the  furnace,  and  therefore  prevented  a 
hearth  lining  of  more  than  about  3  in.  being  used; 
otherwise  there  would  have  been  no  room  for 
iron  to  collect. 

As  already  stated,  there  were  two  rows  of  twyers 
— three  in  the  upper  and  two  in  the  lower,  all  of 
4  in.  diameter  at  the  commencement  ;  these  were 
subsequently  altered  as  will  be  detailed  later  on. 
Fresh  quantities  of  ore  and  dolomite  were 
obtained  from   the   same   places  as  before  :  their 


analyses  are  shown  in  the  appendix,  and  are 
somewhat  different  from  those  previously  made. 
These  however  did  not  become  available  till  some 
days  after  the  experiments  started. 

Details  of  Experimental  Rons. 
Bun  A,  February  7 . — Samples  of  the  materials 
were  taken,  but  pending  their  analysis,  it  was 
assumed  in  calculating  the  charge  that  the 
titaniferous  ore  was  of  a  composition  represented 
by  the  average  of  the  previous  analysis  of  the 
three  reefs,  since  the  ore  was  a  mixture  of  all, 
and  similarly  the  average  of  the  two  analyses 
already  given  was  taken  as  the  composition  of  the 
silicious  ore. 

The  coke  used  was  Westphalian,  at  first  in 
lumps  as  received,  though  afterwards  broken,  and 
contained  9 '5%  ash  of  the  following  composition  : 

SiO,  41-3% 

Fe,03         ...  ...  100% 

A10"03  ..  ...         380% 

Cab  ...  ...  3-7% 

It  also  carried  : 
Sulphur      ...  ...  -86% 

The  large  amount  of  alumina  present  com- 
plicated the  calculation  considerably  and  made  it 
impossible  to  make  the  slags  of  the  desired 
proportions  of  silica  and  titanium,  and  though  a 
monosilicate  was  calculated,  the  silica  had  greatly 
to  exceed  oxide  of  titanium. 

After  the  furnace  had  been  alight  for  about 
two  hours  and  was  about  half-full  of  coke,  four 
more  bags  of  coke  were  charged  in  (about  400  lb.) 
and  on  top  of  this,  about  12.20  p.m.,  the  first 
charge,  consisting  of  112  lb.  silicious  ore,  5G  lb. 
titaniferous  ore,  and  28  lb.  dolomite,  all  broken 
to  about  1  \  in.  cubes,  but  without  separating  fines. 
On  the  top  of  this  200  lb.  of  Coke  and  another 
charge  of  ore  and  flux,  as  before,  was  sent  in  at 
12.40,  and  a  third  at  12.50.  At  1.10,  the  slag 
was  observed  to  be  up  to  the  lower  twyers,  and 
the  furnace  was  accordingly  tapped,  but  ran  slag 
only.  At  1.35,  another  200  lb.  coke  was  added 
and  then  the  same  amounts  of  ore  and  flux  as 
before,  and  a  bag  of  coke  on  top — this  to  piepare 
for  the  next  charge,  which  was  added  at  1.50,  and 
contained  the  other  bag  of  coke,  mixed  in  to 
increase  the  reducing  effect,  and  as  before  a  bag 
of  coke  on  top.  At  2,  another  bag  of  coke  was 
added,  and  another  charge  containing  coke  mixed 
in.  However,  nothing  but  a  very  fluid  slag  was 
produced,  so  that,  hoping  to  replace  some  FeO  in 
the  slag  and  facilitate  reduction  of  iron,  the 
amount  of  dolomite  in  the  charge  was  doubled 
from  this  point  onwards. 

The  effect  of  this  soon  became  apparent  in 
increasing  stickiness  of  the  slag,  so  that  charging 
of  ore  was  stopped,  a  bag  or  two  of  coke  added 
to  keep  the  furnace  hot,  and  it  was  then  allowed 
to  blow  down,  blast  being  cut  off  about  7  p.m. 
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Next  day  the  hearth  was  found  to  be  full  of  a 
breccia  of  coke  cemented  by  a  greenish  grey  slag, 
containing  also  about  60  lb.  of  pieces  of  soft  iron. 
This  grey  slag  was  composed  of,  approximately  : 

Si02  53%,  A1208  36%,  CaO  3%, 
and    was   doubtless   formed  of  coke-ash  with   a 
little    of    the    ganister    lining     of    the    furnace, 
which  was  considerably  cut  away.     It  was  clean- 
ed out  and  made  ready  for  the  next  run. 

Three  samples  of  slags  were  analysed  besides 
the  one  just  mentioned,  all  being  typically 
ferrous  silicates  in  appearance  and  containing 
from  38-3  to  39-5%  Si0o,  1'2  to  4"3%  Ti02  and 
37-2  to  50  4%  FeO. 

Run  B,  February  9. — The  furnace  being  well 
alight,  12  bags  of  coke  were  added  before  charg- 
ing any  ore.  In  order  to  produce  more  reducing 
conditions,  the  proportion  of  coke  was  increased 
and  the  blast  pressure  cut  down  to  3  ozs.,  so  as  to 
diminish  the  oxidising  effect  and  also  the  output, 
which  obviously  depends  on  the  amount  of  coke 
burned,  thereby  keeping  the  ore  longer  in  the 
furnace.  The  materials  were  more  finely  broken 
than  before,  the  ore  to  about  f  in.  cubes,  and 
coke  to  2h  in.,  and  the  proportions  altered  so  that 
equal  parts  of  the  two  classes  of  ore  were  used, 
the  extra  silica  required  being  furnished  by 
sharp  sand.  In  charging,  then,  one  basket  of 
coke  (75  lb.)  was  thrown  in,  and  then  a  mixture 
of  56  lb.  titaniferous  ore,  56  lb.  silicious,  14  lb. 
dolomite,  G\  lb.  sand,  and  75  lb.  coke.  Charging 
commenced  at  11.50a.m.,  and  by  12.30  five  charges 
had  been  given  and  the  furnace  was  full.  The 
first  slag  ran  at  1.15  p.m.  through  the  bottom 
tap  hole,  which  was  left  open  for  a  while  and 
then  closed.  Four  other  charges  were  made,  and 
at  3.15  the  tap  hole  was  opened,  but  only  slag 
escaped — no  iron.  From  that  time  each  charge 
had  an  extra  basket  of  coke  and  2  lb.  more 
dolomite.  The  tap  hole  was  opened  from  time  to 
time,  with  increasing  difficulty,  and  it  was  obvious 
that  the  hearth  was  becoming  gradually  cooler, 
so  that  the  slags  did  not  run  so  freely  and  no 
iron  ran  at  all.  Consequently,  after  only  three 
of  the  new  charges  had  been  given,  as  the  casing 
showed  red  hot  in  two  places,  charging  was 
stopped  and  the  furnace  allowed  to  blow  down, 
the  blast  being  increased  to  try  and  raise  the 
temperature.  It  became  impossible,  however,  to 
open  the  lower  hole  at  all,  and  the  last  of  the 
slag  escaped  by  the  slag  hole,  and  on  taking  down 
the  settling  door  the  hearth  was  found  to  be  com- 
pletely filled  with  slag  and  spongy  iron  weighing 
about  175  lb. — a  specimen  of  which  is  exhibited. 
It  was  really  therefore  the  fault  of  the  iron,  and 
not  of  the  slag,  that  the  furnace  choked  up. 

Owing  to  this  solidified  core  the  improvised 
hearth  was  only  removed  with  great  difficulty 
and  was  dispensed  with  in  the  following  tests. 


A  sample  of  the  slag  from  this  run,  taken  over 
the  various  pots,  contained  38*6%  Si0.2,  8-l% 
Ti02  and  38%  FeO:  that  in  the  hearth  with 
the  iron  contained  40-5%  SiO.,,  857  TiO.„  and 
32 '6  FeO.  A  considerable  quantity  of  the 
furnace  lining  obviously  entered  the  slag,  the 
walls  again  being  badly  cut. 

Run  C,  February  1.$. — To  still  further 
diminish  the  air  supply,  but  at  the  same  time 
allow  of  obtaining  a  higher  smelting  temperature 
at  the  twyers  by  using  a  higher  pressure,  the 
bottom  twyers  were  closed  off  and  not  used  again 
in  any  further  tests,  leaving  only  the  top  three  in 
use. 

Further,  theanalysesof  thematerials  havingcome 
to  hand,  which  showed  the  silicious  ore  to  con- 
tain more  silica  and  alumina  than  had  been 
assumed,  the  proportion  of  Timeball  ore  was  de- 
creased to  half  the  titaniferous,  to  make  the  slag 
less  aluminous,  but  the  coke  remained  as    before. 

The  blast  commenced  at  3  ozs.  and  was  slowly 
increased  to  5.  After  getting  the  furnace  alight 
and  throwing  in  12  bags  of  coke  as  before, 
charging  commenced  at  11  a.m.,  each  charge  con- 
sisting of  one  basket  of  coke  followed  by  a  mix- 
ture of  112  titaniferous  ore,  56  silicious,  10  sand, 
35  dolomite,  and  2  baskets  of  coke.  Twelve  of 
these  charges  were  given,  but  very  little  iron  was  pro- 
duced, a  little  did,  in  fact,  run  from  time  to  time, 
and  it  was  felt  to  be  accumulating  in  the  hearth  ; 
another  basket  of  coke  was  therefore  added  to 
each  charge  for  the  Dext  three  charges,  but  at 
this  time  the  furnace  walls  Avere  observed  to  be 
burning  through,  the  iron  casing  being  red-hot  in 
several  places,  charging  was  therefore  discontinued 
and  the  bottom  dropped  at  9  p.m. 

From  this  run  about  300  lb.  of  iron  was 
obtained,  of  which  about  200  lb.  was  in  the  form 
of  soft  iron  from  the  hearth,  and  100  lb.  cast 
iron  from  slag  pots  and  runners. 

Two  samples  of  slag  taken  showed  SiO„  35 '9% 
and  37-8%,  Ti02  97  and  180)'  and  FeO*25  and 
^8%,  which  showed  a  still  further  improvement 
in  the  conditions,  and  the  slags  ran  perfectly  fluid, 
though  they  were  higher  in  titanium. 

Run  D.,  February  17. — For  this  run  the 
furnace  was  completely  relined,  and  the  diameters 
of  the  three  twyers  reduced  to  3  in.  It  was  also 
determined  to  experiment  with  the  silicious  ore 
only,  and  so  be  free  from  any  influence  of  titani- 
ferous ore,  till  correct  conditions  were  determined. 

The  furnace  was  started  off  as  before  with  12 
bags  of  coke,  blast  kept  about  3  or  4  oz.,  and  the 
charges  consisted  of  112  lb.  ore,  56  lb.  dolomite, 
and  3  baskets  of  coke  (225  11>. ),  the  highest  pro- 
portion yet  used.  Charging  commenced  at  2.30 
p.m.  and  was  maintained  at  the  rate  of  two 
charges  per  hour  till  eight  charges  had  been 
led  in.     The  furnace  was  running   nice   and  hot, 
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and  the  slags  very  liquid,  but  very  little  cast  iron 
was  produced,  while  soft  iron  accumulated  in  the 
hearth,  so  that  no  more  charges  were  given  and 
the  furnace  blew  down  and  wasdropped  at  11  p.m. 

The  hearth  contained  a  bear  of  soft  iron  which 
dropped  clean  out,  and  a  fair  sample  of  the  slag 
contained  20 "8%  FeO,  but  was  not  further 
examined.  The  lower  iron  content  of  the  slag 
was  encouraging,  though  otherwise  there  was  no 
greater  success  than  with  the  titaniferous  mixture, 
so  for  the  next  trial  the  twyers  were  made  still 
smaller. 

Run  E.,  February  19.— The  charge  employed 
was  the  same  as  in  D,  but  the  twyers  were 
reduced  to  2  in.  in  diameter.  The  furnace 
having  been  lighted  at  6  a.m.,  and  partly  filled 
with  coke  as  before,  at  9  a.m.  the  first  charge  was 
given,  and,  after  4  charges,  at  9.50  the  furnace 
was  full.  Blast  was  kept  between  5  and  6  oz., 
and  charging  continued  as  the  stock  went  down. 
However,  on  tapping  it  was  evident  that  another 
bear  was  forming  in  the  hearth,  and  only  slag 
ran,  and  therefore  at  2.30  the  size  of  twyers  was 
still  further  reduced,  by  slipping  in  pieces  of 
1|  in.  pipe,  and  the  blast  increased  to  8  oz.  Still 
only  slag  ran,  and  the  blast  was  consequently  cut 
down  successively  to  6  and  5  oz.,  resulting  in  the 
production  of  i-ome  cast  iron.  This  at  first 
solidified  in  the  runner,  but  on  tapping  at  5.45 
we  had  the  satisfaction  of  running  about  30  lb. 
of  cast  iron  into  the  slag  pot.  At  6.45  two 
small  pigs  were  cast ;  at  7.30  again  both  iron  and 
slag  ran  very  satisfactorily,  and  also  again  at 
8.45,  and  if  our  coke  supply  had  held  out  there 
seemed  to  be  every  prospect  of  the  run  continuing 
till  the  lining  burnt  out.  Coke,  however,  had 
run  short,  and  the  last  charge  was  given  at  6.30, 
after  which  the  furnace  had  to  blow  down.  In 
all  17  charges  were  thrown  in  ;  from  this  424  lb. 
of  iron  were  recovered,  70  lb.  of  bear  in  the 
hearth  and  354  lb.  of  white  cast  iron.  Slag 
from  the  second  pot  of  the  run  (2  in.  twyers)  con- 
tained 13*0%  FeO  ;  the  3.30  p.m.  slag  contained 
14-1%;  5  p.m.  12"5%,  and  at  10  p.m.  13-3%; 
this  last  also  containing  38-5%  Si02.  The  slags 
still  contained  too  much  iron  to  be  satisfactory, 
but  it  was  feared  that  if  a  further  diminution  of 
size  of  twyers  or  of  blast  pressure  were  to  be 
attempted,  the  furnace  would  not  keep  hot 
enough,  and  even  with  the  diminished  output 
and  rate  of  working  secured  with  the  small 
twyers,  the  ore  only  remained  about  4i  hours  in 
the  furnace,  whereas  in  an  ordinary  iron  smelting 
furnace  it  seldom  occupies  less  than  20  to  24 
hours  in  its  descent,  and  has  therefore  ample 
time  to  be  reduced,  to  take  up  carbon,  and  in  the 
smelting  zone,  silicon,  etc.,  and  so  become 
fusible.  The  presence  of  these  impurities  also 
tends  to   prevent   the  reduced  iron  from   being 


reoxidised  as  it  comes  in  front  of  the  twyers, 
while  in  the  small  furnace  such  protection  is  dimin- 
ished as  the  iron  is  purer,  and  I  am  of  opinion 
that  some  at  least  of  the  iron  oxide  in  the  slag 
was  formed  by  reoxidation  in  this  manner.  It 
seemed  therefore  hopeless  to  expect  a  slag  free 
from  FeO  in  such  a  small  furnace,  on  account  of 
the  comparatively  large  proportion  of  the  hearth 
volume  occupied  by  these  small  reoxidising  areas, 
if  I  may  so  term  them,  in  front  of  the  twyers  in 
the  small  furnace,  as  compared  with  a  large  one  ; 
hearth  volumes  of  course  increasing  with  the 
squares  of  the  diameters.  Further,  this  iron 
oxide  in  the  slag  would  naturally  tend  to  prevent 
the  production  of  any  but  white  cast  iron. 

Run  F,  February  23rd.—  More  coke  having 
arrived,  this  was  commenced  exactly  as  run  E, 
the  furnace  being  lighted  at  10  30  a.m  and 
charging  of  ore  commenced  at  2.30,  the  com- 
position of  charges  also  being  the  same  as  in  1) 
and  E.  The  blast  at  the  commencement  was  5  oz,. 
which  was  cut  down  to  4,  as  only  slag  ran.  The 
first  iron  ran  at  9  p.m.,  and  from  that  time 
titaniferous  ore  was  added  to  the  charge  in 
gradually  increasing  proportions  till  in  the  fourth 
charge  afterwards,  there  were  56  lb.  titaniferous, 
56  lb.  silicious,  28  lb.  dolomite,  and  225  lb. 
coke,  which  was  maintained  nearly  to  the  end, 
the  last  three  charges  having  7  lb.  extra  dolomite 
and  5  more  sand.  Whether  it  was  due  to  the 
titaniferous  ore  or  to  the  diminished  pressure, 
the  furnace  did  not  seem  to  work  well,  and  was 
very  sticky  at  4.15  a.m.,  chiefly  through  a  large 
admixture  of  soft  iron  in  the  slag.  At  7  a.m. 
the  top  hole  was  only  opened  with  great 
difficulty,  and  again  at  8  ;  and  at  9  it  was 
impossible  to  get  through  either  hole,  so  at  10 
the  bottom  was  dropped,  blast  having  been 
increased  towards  the  end  to  increase  the 
temperature.  The  hearth  was  found  to  be  com- 
pletely filled  with  soft  iron  ;  a  bar,  however,  was 
driven  up  through  it  and  tapped  off  some  cast 
iron  and  slag,  in  fact  the  slag  ran  quite  well 
whenever  the  top  hole  was  opened,  and  the 
closing  of  the  holes  was  due  simply  to  the 
accumulation  of  soft  iron  in  and  around  them,  so 
that  the  stoppage  was  not  due  to  the  want  of 
fluidity  in  the  slag,  through  the  presence  of 
titanium.  It  did  seem,  however,  that  the 
presence  of  titanium  hindered  the  formation  of 
cast  iron,  though  on  this  point  the  evidence  was 
not  conclusive,  as  the  furnace  had  not  worked 
well  from  the  start.  The  iron  weighed  about 
500  lbs.,  and  a  sample  of  slag  taken  during  the 
later  part  of  the  run  contained  42-6 ~/G  SiO.,,  8-3% 
TiOo  and  7 '4%  FeO,  while  that  tapped  from  the 
bear  at  the  last  contained  38  6  SiO.„  8  8  TiOL,  and 
12-0  FeO  (no  doubt  due  to  the  increased  blast). 
This  low  content  of  FeO  still  seemed  to  indicate 
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that  improvement  might  be  effected  by  still 
further  diminishing  the  rate  of  output,  and  as 
the  furnace  was  again  in  need  of  relining,  this 
opportunity  was  taken  of  diminishing  the  size  of 
hearth  as  well  as  of  the  twyers,  in  order  to  enable  a 
good  temperature  to  be  kept  up  in  the  hearth. 

Run  G\,  March  3rd.-  -As  relined  for  this  run, 
the  twyers  were  1  in.  in  diameter,  and  the  hearth 
14  in.  at  the  twyers,  as  shown  in  the  diagram. 


Slag   HOi_t 


CrHOUNp     LEVEi. 


The  hearth  had  unavoidably  to  be  thirty  inches 
deep,  since  if  the  twyers  had  been  placed  lower 
down,  the  air  belt  would  have  prevented  inspection 
of  the  casing,  to  note  signs  of  burning  through;  the 
air  belt  also  prevented  the  hearth  bottom  or  tap 
holes  being  raised.  The  upper  part  of  the 
furnace  was  unaltered.  Charging  commenced  at 
10.30  a.m.  with  the  same  mixture  of  equal  parts 
of  titaniferous  and  silicious  ore  used  in  F.,  i.e., 
5G  lb.  silicious,  5G  lb.  titaniferous,  28  lb. 
dolomite,  and  225  lb.  coke.      The  blast  was  kept 


about  6  oz.,  which  enabled  the  hearth  tempera- 
ture to  be  kept  up  while  reducing  the  rate  of 
charging  to  nearly  once  per  hour,  and  therefore 
increasing  the  time  in  the  furnace  to  about  6  or  7 
hours.  The  effect  of  this  was  manifest  in  the 
fact  that  small  quantities  of  iron  began  to  run 
about  9  p.m.,  from  which  time  the  furnace  was 
regularly  tapped  every  1^  hours.  At  the  same 
time  the  old  trouble  of  soft  iron  bear  forming  in  the 
hearth  was  also  apparent,  and  although  iron  was 
run  regularly  till  7  a.m.  next  morning,  it  was  only 
possible  to  open  the  tap  hole  with  great  difficulty. 
At  this  point  24  charges  of  the  mixture  had 
been  given,  and  next  4  charges  of  112  lb.  titani- 
ferous ore  alone,  28  lb.  dolomite  and  17  lb.  sand 
were  added,  after  which  the  furnace  was  allowed 
to  blew  down.  For  a  little  while  a  slight  im- 
provement occurred,  but  soon  the  tap  hole  com- 
pletely closed  and  at  10  a.m.  the  bottom  was 
dropped  ;  metal  and  slag  were  run  from  the  slag 
hole  for  a  few  hours  longer,  the  bear  being 
jammed  fast  and  impossible  to  shift.  In  this 
run  again,  the  slags  ran  perfectly  fluid  when  the 
tap  holes  could  be  opened,  as  will  be  seen  from 
the  photograph,  and  the  closing  of  the  holes  was 
entirely  due  to  iron,  as  before. 


The  furnace  lining  was  again  severely  cut  and, 
of  course  contributed  to  the  bulk  of  the  slag. 
The  iron  bear  in  the  furnace  weighed  575  lb.,  and 
the  cast  iron  collected  from  the  pots  580  lb. 
Several  slag  samples  were  taken  and  analysed, 
with  the  following  results  : — 

mi  I  TiOa  FeO 

3rd  5p.m.  ...        13'9  90  13-0% 

3rd  9  p.m.  ...        I'M  8*6  1  t'8 

4th   .".  a.m.  ...         It  ■:•.  7  7  99 

4th   5  a. in.  ..         39-8  4-0  12-5 

(blast  increased  unintentionally) 
4th  3  pm.  ...       38*2  10  2  7-9 


350 


The  Journal  of  The  Chemical,  Metallurgical  ana  Mining  Society  of  South  Africa.         April  1910 


CO 

H 
£ 

CO 

W 
Ph 

Q 

«3 

CO 

H 

s 

1— I 

w 

Pu 

v^ 

F^ 
O 

H 
525 
W 

W 
H 
<! 
EH 
co 

< 

P3 
«! 
H 


"(saouno) 
aanssa.id  %sv\q 

CO 

co 

lO 

co 

co 

<?>o 

IO 

tco 

lO 

CO 

•(S8l[0Ul) 

S.13AAVJ  jo 

-# 

^t- 

"* 

CO 

CM  —i 

HN          ; 

i — i 

•s.ia.C.w}  jo  -on 

iO                       lO 

1 

co 

co 

co  co 

co 

co 

< 
CO 

a 
53 

^  ^  ^ 

^H 

gg 

§ 

.5 

SO 

<5 

CI 

op 

- 

i 

lO 
CI 

So 
.5  * 

►JO 

4tH 

o  \ 
© 

cb 

o  o 
©  p 

lO 

cb 

O  00 

©    GO 

-*  CO  CO  CO 
O  ■*+!  X  CO  iO 

ci  i  io  o  ci 

f-H     r-H 

C3 

GO 

7—t 

IO 
<M 

OS 

iO 

p  p 

O  <M 
CM  i— 1 

00 
1—1 

t-    r-H 

ib  cb 

CI  CI 

OirHHtO 
O    r-H    O    r— 1    OS 

cb  io  o  cb  io 

CM  CM  CO   <M  <M 

3    0»      . 

»H 

-*  GO 

T  i—  ~+ 

53 1-  o 

p  co 

GO   CM 

co  co 

CO 
CM   CO 

IO   GO 
CM  CM 

GO 

© 

CM 

o 
"^  o 

CI     r-H 

"?  P 

t-  CM 

i— i 

Oi  co  i^  co 

O  1^  GO  -*  CO 
CO  -*  OS  (fj  t- 

CM  CO 

GO00 

CM 
t-  O 

CS   GO 

CO  GO 
GO   GO 

lO  CO  O   GO 

O    p    p    O    r-H 

o>cbi>T(io 

r-H 

Is 

in'da 

CO  CO  IO 

00  GO  cb 

co  eo  co 

lO 

co  ip 

GO  O 

co  -**■ 

IO 
GO  GO 

ib  t- 

co  co 

iO 

GO 

co 

p  p 
CI   GO 

^f  co 

CI  1^  lO  CO 
CT:   ~rH   CI  00  CI 
CO   O  -*  Oi  00 

■*  -rf  hi  coco 

■a 
'5 
o 

p 

S 

o 

1 

1 

O 

o 

1 — 1 

IO 

co 

o 

CO 
lO 

CO 

§ 

lO 

1 — 1 

o 
o 

CM 

o 

I— 

o 
o 

IO 

IO 

IO 

Number 

of 
Charges. 

CO  CO 

o  co 

CM  CO 

GO 

1— 1 

Ohm 

1— 1    1-H 

CI 

.2 

0> 

O 

0) 

M 
o 
O 

1 — 1 

CI 

1— 1 

i — i  i—i 

ep  cm 

i — i 

i— i  i — i 

CO  GO 
i— I  i— I 

|     r-H 

CM 

CM 

1— 1    1— 1    1— 1 

CI  CI  IO 

i — 1    y—l 

CM  CM 

be 

3 

O 

o 

a 
_o 

o 
u. 
S 
o 
D 

o 
O 

o  o 
o  o 

CM  CM 

o  io 

IO  CI 
i—i  CM 

io  o 

<M  O 

CM  CO 

IO 
CM 
CM 

iO 
CM 
CI 

lO  lO  lO 
CI  CI  CM 
CI  CI  CM 

lO  lO 
CI  (M 
CI  CI 

8 

1                     1 

i     i        co  co    | 

I 

! 

1 

1       1     ° 

1    *>~ 

o 
■o 

a 

GO  CO 
CM  IO 

-*  co 
i — i  i — i 

I 

IO  t— 

co  co 

CO 

IO 

CO 

CO  GO  IO 

lO  CI  CO 

oo  cc 

<M   <M 

i  3 

J  2 

CO   CO 
IO  IO 

co  co 
lO  »o 

CM  CM 

1 

1 

1       1    CO  CO 
1    lO  iO 

co  ci 

lO    r-H 

.2 
co 

CM  CM 

I— 1     !-H 

CO   CO 
IO  IO 

CO  CO          CM 
lO  O      1    i—1 

1  ^ 

CI 

r-H 

<M  CO  CO          CTi      1 
i— (  lO  IO      1    IO      1 

!    '-                 ! 
1                        1 

c 

3 

Pi 

o 

0) 
CD 

<1    cS 

o 

-4-> 

CD 
S- 

V 

o 

-in 

s- 
«D 

p 

w 

i—i  co  co 

O 
-4-< 

t-t 
<o 

C5^ 

April  1910 


G.  H.  Stanley — Some  Experiments  on  Smelting  Titaniferous  Iron  Ore. 


351 


As  the  furnace  was  only  lent  for  a  month,  and 
the  commencement  of  the  College  Session  was 
only  a  week  distant,  the  experiments  had  perforce 
to  be  concluded  with  this  run. 

I  am  afraid  these  details  make  tedious  reading, 
but  they  are,  I  think,  necessary,  in  order  that 
the  reasons  for  the  various  steps  taken  may  be 
appreciated.  The  results  show,  I  think,  that  the 
experiments  were  proceeding  on  the  right  lines, 
and  with  more  time  and  a  larger  furnace  might 
reasonably  have  been  expected  to  reach  a  success- 
ful issue.  While  the  general  conclusion  is  that 
titaniferous  ore  is  certainly  more  refractory  and 
not  so  easily  reducible  as  ordinary  ores,  given  a 
sufficiently  large  furnace,  to  ensure  plenty  of  time 
for  reduction,  and  at  the  same  time  a  high  tem- 
perature in  the  hearth,  nothing  in  the  experi- 
ments would  induce  me  to  anticipate  that  it 
would  not  be  successfully  smelted,  though 
probably  at  the  expense  of  a  fuel  consumption 
rather  higher  than  the  normal.  All  through  the 
series  of  experiments  our  troubles  were  not  due 
to  infusibility  of  slags — though  how  far  their 
fusibility  was  due  to  the  FeO  they  contained  is 
perhaps  a  moot  point — but  to  non-carburisation 
and  consequent  infusibility  of  the  iron  ;  this  could 
hardly  be  the  case  in  a  large  modern  furnace, 
which  would  also  consume  much  less  fuel  per  ton 
of  iron  than  in  these  tests.  In  this  connection  it 
is  well  to  note  that  the  cupola  used  for  these 
experiments  is  not  of  very  different  size  from  the 
large  furnaces  formerly  used  for  smelting  soft 
iron  from  ordinary  iron  ores,  and  in  which, 
probably,  the  accidental  production  of  cast  iron 
led  to  the  establishment  of  cast  iron  smelting, 
soon  requiring  larger  furnaces. 

Increasing  amounts  of  titanium  did  not  seem 
to  impair  the  fluidity  or  fusibility  of  the  slags, 
and  an  interesting  point  which  was  noted  was 
that  although,  like  all  the  others,  the  highly  titani- 
ferous slags  had  black  or  dark-grey  fractures, 
their  surfaces  were  light-grey  or  nearly  white, 
this  also  lending  colour  to  the  view  previously 
expressed  as  to  the  existence  of  titanium  as  a 
lower  oxide  than  TiO„,  in  the  slag,  which  oxidised 
to  Ti02  on  the  surface.  Assuming  that  titanium 
exists  in  the  charge  as  Ti02,  the  question  is  still 
open  as  to  whether  or  not  it  is  reducible  to  a 
lower  oxide  by  carbon  monoxide  or  only  by  solid 
carbon  or  other  bodies,  and  at  what  temperatures. 
It  seems  probable  that  it  is  only  difficultly  reduc- 
ible, and  in  that  case  may  reach  the  smelting 
zone  unchanged,  and  there  act  as  a  re-oxidiser  of 
carbon  or  silicon  already  taken  up  by  the  iron,  so 
retarding  the  production  of  cast  iron,  and  although 
unable  to  prevent  its  production  in  a  large  furnace, 
the  iron  might  always  be  white. 

A  statement  made  in  the  latest  American 
Metallurgical    text     book     is    worthy    of     note 


here  :  Professor  L.  S.  Austin,  in  the  second 
edition  of  his  book,  "  The  Metallurgy 
of  the  Common  Metals,"  says,  in  reference 
to  iron  ores,  "  some  of  the  New  York  beds  .  .  . 
have  been  considered  valueless  on  account  of  the 
presence  of  titanium,  it  having  been  asserted  that 
this  element  produces  an  infusible  sticky  slag. 
This,  however,  has  been  proved  to  be  unfounded, 
and  it  should  not  prevent  their  use  as  a  source  of 
iron." 

The    analyses    of    the    materials   used   are  as 
follows  : — 


Titaniferous  Ore 

SiLrious  Ore. 

Dolomite. 

Si00    - 

1-56 

22-10 

115 

TiO.,    - 

14-31 

not  determined 

Feo03  - 

not  determined 

6375 

3-44 

Al  A  - 

3-36 

10-41 

•56 

CaO     - 

not  determined 

•62 

28-66 

MgO    - 

not  determined 

trace 

18T0 

The  charges  were  calculated  as  explained  in 
Part  I.  of  this  paper,  but  the  high  proportion  of 
coke  used,  together  with  the  large  proportion  of 
aluminium  in  the  silicious  ore,  made  it  impossible 
to  form  a  very  highly  titaniferous  slag.  Even 
with  the  titaniferous  ore  alone,  after  adding 
dolomite,  as  required  to  make  the  aluminium 
silicate  fusible,  which  in  turn  necessitates  more 
silica  (as  sand)  there  could  not  theoretically  have 
been  more  than  about  '_' 1  of  Ti02  in  the 
slag,  and  for  the  same  reasons  silica  had  to 
be  greatly  in  excess  of  the  Ti02,  and  not  nearly 
equal,  as  advocated.  With  less,  and  better,  coke 
this  would  be  more  nearly  possible.  In  all  the 
analyses,  as  the  form  in  which  the  titanium 
exists  is  not  certainly  known,  it  is  expressed  as 
Ti02. 

In  conclusion,  I  have  again  to  thank  Mr. 
Murray  for  help  in  the  conduct  of  the  experi- 
ments, and  also  Mr.  F.  W.  Penny.  My  thanks 
are  also  due  to  Sir  T.  R.  Price  and  Mr.  (>.  I :. 
Elliot  and  his  staff  at  Pretoria  for  giving  every 
assistance  in  their  power,  and  to  Mr.  Kot/.c.  as 
representing  the  Government  Mines  Department, 
which  provided  the  financial  backing,  and  thereby 
rendered  the  experiments  possible. 

Mr.  Chas.  B.  Saner  ( Vice-President) :  It 
affords  me  great  pleasure  to  propose  a  hearty 
vote  of  thanks  to  Prof.  Stanley  for  his  interesting 
paper.  He  mentioned  in  one  paragraph  that  the 
details  may  appear  tedious,  but  1  think  the 
remarks  in  that  paragraph  are  particularly 
interesting  to  us  because  they  show  that  he  is 
working  on  right  lines,  and  lie  is  practically  open 
ing  up   a    new   and  great    industry  not   only  for 
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South  Africa  but  the  whole  world.  For  that 
reason  I  think  he  should  have  a  very  hearty  vote 
of  thanks  from  this  Society.  I  will  ask  Mr. 
Vaughan  to  second  my  proposal.  He  may 
probably  be  able  to  give  us  some  interesting  side 
lights  on  the  recent  experiments. 

Mr.  J.  A.  Vaughan  :  I  have  great  pleasure  in 
seconding  the  vote  of  thanks  though,  unfortunately, 
I  was  not  present  when  the  paper  started.  As 
regards  side  lights,  I  am  afraid  it  is  rather  hasty 
to  be  called  upon  at  this  moment  to  give  you  side 
lights.  When  certain  reports  are  published  then 
probably  I  may  feel  privileged  to  give  you  some 
account  of  what  I  have  seen,  and  the  deductions 
I  have  made.  The  subject  dealt  with  to-night  by 
Prof.  Stanley  affects  the  whole  world  just  as  much 
as  the  Transvaal.  The  smelting  of  titaniferous 
iron  ore  has  not  been  looked  upon  as  commercially 
practicable  in  other  parts  of  the  world  where 
they  have  a  great  deal  more  of  it  than  here. 
Prof.  Stanley's  experiments  have  apparently 
proved  it  commercially  possible.  This  may  go  a 
a  great  way  towards  cheapening  the  production 
of  iron,  but  it  is  not  so  much  that,  as  the  exten- 
sion of  the  available  iron  ore  beds  of  the  world. 


THE  DEVELOPMENT  OF  HEAVY  GRAVI- 
TATION STAMPS. 


(Reprinted  in  this  Journal,  September,  1909, 
from  the  Bulletin  of  the  Institution  oj 
Mining  and  Metallurgy,  August  12,  1909.) 

By  W.  A.  Caldecott  (Member). 

DISCUSSION. 

Mr.  E.  J.  Way  (Member)  :  The  author  gives 
us  a  very  interesting  history  of  the  development 
of  the  gravitation  stamp,  from  the  square  wooden 
non-rotating  stamp  used  by  the  German  miners 
in  the  Middle  Ages  to  the  heavy-weight  rotating 
steel  stamp  at  present  in  use  on  these  fields.  I 
must,  however,  confess  to  a  feeling  of  disappoint- 
ment when  I  found  on  reading  the  paper  that, 
while  Dr.  Caldecott  is  emphatic  in  the  statement 
of  his  personal  opinion  that  the  increase  of 
weight  already  carried  out,  does  show  very  appre- 
ciable economic  improvements,  this  opinion  is  not 
supported  by  any  convincing  arguments  or  array 
of  experimentally  proved  data.  1  felt  this  the 
more  particularly  since  so  much  has  been  heard  in 
recent  years  of  the  increased  economic  errieieney 
due  to  the  corresponding  increase  of  weight  of  the 
gravity  stamp,  especially  from  the  mines  with 
which  Dr.  Caldecott  is  associated,  that  I  had 
been  led  to  hope  that  the  author's  unrivalled 
opportunities  for  arriving  at  definite  conclusions, 
based  on  experimentally  determined  facts,  would 


have  enabled  him  to  throw  some  very  clear  light 
at  last  on  that  most  important  question,  what  are 
the  limits  within  which  primary  and  secondary 
crushing  machines  would  operate  at  their  best 
efficiency  and  give  the  best  return  for  the  money 
invested  ?  I  had  hoped  that  this  question  would 
have  been  fully  treated  from  every  standpoint, 
namely,  first  cost,  running  and  maintenance  costs, 
life  of  mine,  and  all  the  other  factors  that  enter 
into  the  question  of  economic  efficiency  in  contra- 
distinction to  mere  mechanical  efficiency. 

The  paper  opens  in  a  very  promising  manner. 
The  author  states  (see  p.  109)  that  the  object  of  the 
trials  carried  out  at  the  Knights  Deep  in  1904-5 
by  the  Consolidated  Golclfields  was  "to  discover 
some  means  whereby  stamp  milling  efficiency 
could  be  increased,"  and  as  he  goes  on  to  say  that 
the  result  (see  p.  1 10)  of  these  trials  was  the  adop- 
tion of  heavy  weight  stamps  at  the  Simmer  East, 
Robinson  Deep  and  the  Luipaardsvlei  Gold 
Mines,  it  might  reasonably  have  been  expected 
that  he  would  have  been  able  to  provide  demon- 
stration that  increase  in  weight  of  stamps  results 
in  very  appreciable  improvements  in  economy. 

The  laudable  and  useful  objective  which  was 
the  raison  d'etre  of  the  1904-5  experiments  seems 
soon  to  have  been  lost  sight  of,  and  the  experi- 
ments to  have  been  carried  out  merely  with  the 
object  of  discovering  how  the  capacity  of  the 
stamps  could  be  increased,  as  it  is  stated  (see 
p.  110)  that,  as  the  result  of  the  experiments,  "it 
became  obvious  that  to  crush  more  rock  it  was 
necessary  to  strike  a  harder  blow."  Moreover, 
the  trials  carried  out  do  not  appear  to  substanti- 
ate the  author's  contention  that  the  increase  in 
weight  so  far  adopted  has  resulted  in  improved 
economy.  A  careful  examination  of  the  data 
brought  forward  in  the  paper  (see  table  on  p.  5) 
on  which  apparently  the  author  based  his  recom- 
mendation that  the  heavy-Aveight  stamp  should 
be  installed  at  the  three  mines  previously  named 
(a  recommendation  by  the  way  hardly  confirmed 
by  the  total  working  costs  per  ton  milled  on  these 
mines  at  the  present  time)  simply  shows  that,  the 
number,  height  of  drop,  and  height  of  discharge 
remaining  the  same,  the  extra  amount  crushed  is 
almost  exactly  directly  proportional  to  the  weight 
of  the  stamps.  In  other  words,  there  is  no 
increase  of  efficiency  but  only  of  capacity,  as  the 
increase  is  propprtional  to  the  extra  weight  lifted 
or  to  the  power  input  of  the  mill. 

A  further  examination  of  the  table  on  p.  112 
shows  that,  in  order  to  obtain  an  increase  in  the 
tonnage  crushed  proportional  to  the  increase  in 
the  weight  of  the  stamp,  it  was  necessary  with 
an  increase  of  32%  in  the  stamp  weight,  namely, 
from  1,216  lb.  to  1,605  lb.,  to  increase  the  water 
per  ton  of  ore  crushed  41%,  or  from  4-26  tons  to 
6 "02   tons   per   ton   of    ere    crushed,    whilst   the 
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amount  of  +60  (O'Ol  in.)  product  increased 
126  ,  or  from  5-16%  to  11-66%.  This  would 
appear  to  indicate  that,  so  tar  from  there  being 
an  increase  in  economic  efficiency  due  to  crush 
ing  large  tonnages  through  tine  mesh  screening 
by  means  of  heavy  stamps,  there  is  actually  a 
decrease  in  the  economic  efficiency.  It  is  impos- 
sible, however,  to  come  to  any  definite  conclusion 
on  this  point  as  the  data  supplied  are  insufficient, 
the  author  giving  neither  a  complete  grading 
analysis  of  the  screen  pulp,  the  percentage  of 
extraction  obtained,  nor  any  of  the  other  data 
influencing  the  final  results  in  connection  with, 
either  the  economies  claimed  by  him  as  resulting 
from  a  reduction  of  the  number  of  units,  or,  the 
number  of  units  being  the  same,  from  the  larger 
total  output  and  consequent  shorter  life  of  the 
mine. 

Dr.  Caldecott's  experiments  on  fine  preliminary 
breaking  with  rolls  before  milling  might  with 
profit  have  been  carried  a  little  further  by  trying 
the  effect  of  fine  breaking  in  conjunction  with 
lighter  stamps  (or,  what  would  have  the  same 
effect,  larger  area  of  shoe),  lower  drop,  and  greater 
number  of  blows  per  minute ;  as  it  would 
certainly  appear,  theoretically,  that  for  every  size 
of  feed  there  should  be,  in  order  to  obtain 
maximum  mechanical  efficiency,  a  corresponding 
pressure  over  unit  area  resulting  from  the  blow 
of  the  stamp  and  depending  upon  the  three 
factors,  weight  of  stamp,  area  of  shoe,  and 
height  of  drop.  It  would  appear  reasonable  to 
expect  that  for  a  very  fine  feed  a  light  stamp 
with  a  very  low  drop  and  running  at  a  high  rata 
of  speed  would  prove  most  efficient,  and  it  is  to 
be  regretted  that  the  author's  experiments  were 
not  carried  further  in  this  direction,  as  it  seems 
probable  that  had  this  been  done  an  increased 
efficiency  would  have  been  found  to  result  from 
an  increase  in  the  fineness  of  the  preliminary 
breaking  when  combined  with  a  corresponding 
alteration  in  the  other  factors  influencing  the 
result,  namely,  stamp  weight,  shoe  area,  and 
height  of  drop.  The  increase  in  the  number  of 
blows  per  minute  would,  as  was  found  to  be  the 
case  in  the  pneumatic  stamp  trials  carried  out  at 
New  Kleinfontein,  probably  largely  increase  the 
duty  of  the  stamp,  so  that  even  with  the  light 
stamp  large  duties  might  reasonably  be  expected. 
Had  the  author  continued  his  experiments  along 
the  lines  suggested  much  valuable  data  bearing 
on  the  very  important  question  of  the  correct  si/5 
of  ore  to  be  fed  to  the  stamps  might  have  been 
obtained. 

The  author  states  ■  (see  p.  113)  that  "fine 
breaking  before  milling  with  heavy  stamps  does 
little  good,"  and  goes  on  to  say  that  "  the 
heavier  the  stamp  the  coarser  the  preliminary 
breaking  admissible,    and    uice-versd"    in    other 


words,    the    heavier   the    stamp  the   i 
preliminary  breaking  admissible  and 
the  lighter  the  stamp  the   finer  the  preliminai 
breaking  admissible.     1  am  of  opinion  that 
the   author    is   getting  to   the   very  rool 
question.     I  am  inclined  to  believe  th:    . 
were  to  look  upon  the  heavy-weight  stamp 
fine  breaker  and   were  to  interpolate   it,  in 
of   Dr.  Caldecott's   fine  rolls,   between   the  rock 
breakers  proper  and  the  light  stamps,  vi 
ciable  gains  in  economy  might  result,  as   it 
not  be  forgotten   that   the   heavy-weighl 
even    when  crushing  through     I  mi  si 
produces    as    a    by-product    some    25       of 
(0  0!  162  in.)  grade. 

The  fact,  proved  by  the  inve 
out  by  the   Mines  Trials  Committee,  th 
mum    mechanical    efficiency    when    using   I 
weight    stamps    is    only    obtained     by    en 
through  correspondingly  coarse  screens,  moves 
sphere   of   action    of   heavy-weight   stamps 
and  more,  with  increase  of  weight,  in  the 
of  coarse  crushing.     The  economic  limit   of  t 
weight  of  these  stamps,  leaving  out   meet 
difficulties,  appears  to  be  only  reached  when  they 
encroach  on  the  province  of   the  j  iw    bi 
gyratory  crusher,  with  which  they  cannot  com] 
either  mechanically  or  economically  owing  to 
breakers  having  a  positive  feed    ami    dischai 
and    requiring    no    water    feed.     This    ec 
limit    will     be     reached     when     the     mech 
advantages  of  the  breaker  are   balanced  by  tin- 
advantages  accruing  from  the  percentage  of  —90 
(0"0062  in.)  grade  produced  by  the  heavy-weight 
stamp  when  crushing  through   even   the  c 
mesh  screening. 

Stamps   of    the    maximum    econ<  mic 
when  crushing  through  1  mesh  screeningpi 
as  I  have  already  pointed  out.  some  25 
(0-0062  in.)  grade,  and    would    therefore    leave 
only  75%  of  the  total  ore  milled  to    pass   to  the 
light  stamps.     Now  it  has  been  proved 
experiments    carried    out    by    the    Mines     Trial.-, 
I  lommittee  that  the  mechanical  value  of  the  pulp 
is  not  affected  by  the  weight   of   the  stamp,  the 
other  variables  remaining  constant,  and   1 1 
every  weight  of  stamp  there  is  a  mesh  aperture 
giving  maximum  efficiency.      It'  therefore  a 
aperture  be  chosen,  giving  the  desired  perc  i 
of  +60  (O'Ol  in.)  grade   in   the   battery  pulp  or 
the    desired    mechanical    value    of    this  pulp,  and 
the  correct  weight  of  stamp  for  this  mesh  aperture 
be  determined   by  means  of   the  data   resulting 
from  the  investigations  carried  out   1>\   the    Mines 
Trials  Committee,  and   it"  these  stamps   ;  ••  then 
fed  with  carefully  classified  pulp  from  the  I 
weight  stamps,  a  product  of  tie'  required  deg 
fineness  would  be   obtained    without    i> 
tubemills  or  other  tine  grinders. 
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As  stamps  of  the  maximum  weight  introduce 
many  engineering  difficulties,  owing  to  the  heavy 
strains  and  vibration  consequent  upon  their 
weight,  and  to  the  very  large  storage  bins  that 
they  require,  I  think  it  is  quite  a  debatable 
point  whether  better  all  round  efficiency  would 
not  be  obtained  by  crushing  through  finer  screen- 
ing with  stamps  of  a  weight  which  would  not 
entail  these  special  difficulties.  For  instance,  if 
stamps  of  1,700  lb.  weight  were  used  with  400- 
mesh  screening  they  would  have  a  duty  of  10  tons 
and  would  produce  some  50%  of  -  90  (0-0062 
in.)  product,  leaving  only  50%  of  the  total  ore 
milled  to  pass  to  the  light  stamps. 

As  both  the  heavy-weight  and  light-weight 
stamps,  if  properly  designed  for  the  size  of  the 
ore  fed  and  for  the  screening  used,  would  be 
working  at  their  maximum  mechanical  efficiency, 
and,  as  the  mechanical  efficiency  of  a  tubemill 
working  under  the  best  conditions  is  only  about 
25%  to  33%  of  that  of  a  properly  designed 
.stamp  battery  (see  report,  by  Mr.  Stadler  to  the 
Mines  Trials  Committee,  on  Coarse  Crushing 
Experiments  at  the  Simmer  East,  dated  2nd 
November,  1902),  it  would  appear  that  both  the 
mechanical  and  economic  efficiencies  of  a  plant 
thus  equipped  should  be  considerably  better  than 
that  of  the  present  fashionable  heavy-weight 
stamp  plus  tubemill  combination. 

Any  difficulty  with  regard  to  weight  of  stamp, 
in  the  case  of  stamps  of  maximum  weight,  or  to 
speed  of  running,  in  the  case  of  the  light  stamp, 
could  be  overcome  either  by  the  use  of  the 
Holman  pneumatic  stamp,  as  has  been  recently 
proved  at  the  New  Kleinfontein  Mine,  or  by  the 
Morrison  stamp,  with  its  hydro-pneumatic  cushion- 
ing cylinder  operated  by  a  crank  shaft  and  con- 
necting rod,  some  of  which  ran  two  years  con- 
tinuously at  the  Meyer  and  Charlton. 

On  reference  to  the  table  on  p.  5  it  will  be  seen 
that  with  a  mesh  aperture  of  0-016  in.  only  5T6% 
of  the  screen  pulp  remained  on  a  60  (0-01  in.) 
screen.  Now  at  New  Kleinfontein  an  extraction 
of  94%  is  obtained  with  battery  pulp  containing 
as  much  as  14%  of  +60  (0-01  in.)  grade.  It 
would  therefore  appear  that,  at  New  Kleinfontein 
at  least,  a  mesh  aperture  of  0'016  in.  is  suffi- 
ciently fine.  As  the  stamp  to  obtain  maximum 
efficiency  with  this  screening  is  quite  a  light  one 
it  would  be  possible  to  run  a  battery  equipped 
with  these  stamps  at  a  very  high  rate  of  speed 
indeed,  and,  owing  to  the  fine  feed  from  the 
heavy-weight  stamps,  with  a  very  low  drop. 

I  have  very  little  doubt  that  a  stamp  of  the 
Holman  type,  or  of  the  design  suggested  by  Mr. 
Behr,  could  be  designed  to  give  a  duty  of  at  least 
10  tons  when  fed  with  carefully  classified  +90 
(0-0062  in.)  product,  thus  greatly  reducing  the 
number  of  light  stamps  required,  and,  as  even  an 


inefficient  stamp  is  some  three  or  four  times  more 
efficient  than  a  tubemill,  at  the  same  time  largely 
increasing  the  economic  efficiency  of  the  plant. 

Some  difficulty  has  been  experienced,  I  believe, 
with  the  discharge  of  the  pulp  from  the  mortar 
boxes  of  the  type  of  light-weight  stamp  I  have 
been  suggesting,  but  I  have  no  doubt  that  the 
difficulty  could  easily  be  overcome  by  a  correct 
design  of  mortar  box,  and  by  a  series  of  experi- 
ments to  determine  the  correct  height  of  screen- 
ing and  the  correct  area  for  the  discharge. 

When  it  is  remembered  that  there  are  at 
present  large  numbers  of  plants  in  various  parts 
of  the  world,  the  capital  expenditure  on  which 
per  ton  milled  per  24  hours  would  probably  com- 
pare favourably  with  the  capital  expenditure  on 
plant  on  these  fields,  and  which  are  working 
satisfactorily  both  with  regard  to  running  and 
maintenance  costs,  in  which  coarse  breaking 
followed  by  fine  breaking  takes  the  place  of 
stamp  crushing,  it  must  be  admitted  that  the 
whole  question  is  still  a  very  open  one,  and  that 
further  experiments,  possibly  on  the  lines  sug- 
gested above,  and  much  careful  consideration  of  all 
the  factors  bearing  on  the  question  are  required 
before  it  would  be  justifiable  to  assume  that  the 
heavy-weight  stamp  plus  tubemill  combination 
is  the  final  solution  of  the  crushing  problem. 

It  appears  to  mo  that  (considering  the  very 
poor  efficiency  of  the  tubemill,  the  heavy  capital 
expenditure  involved  in  its  installation,  and  its 
very  heavy  running  costs),  the  caution,  not  to  say 
conservatism,  usually  displayed  by  the  leading 
engineers  of  the  Rand  in  adopting  new  appliances 
having  far-reaching  effects  on  metallurgical 
practice  has  in  the  present  case,  in  some  instances 
at  least,  been  conspicuous  by  its  absence,  and 
that  it  is  open  to  question  whether  in  some  of 
the  recently  equipped  mines,  the  economic  limit 
has  not  been  exceeded  in  the  over  anxiety  dis- 
played, by  the  designers  of  the  plants  in  question, 
to  reap  the  benefits  claimed  by  its  advocates  as 
accruing  from  the  use  of  the  tubemill.  As  this 
impression  seems  to  be  borne  out  by  the  reduc- 
tion costs  of  the  mines  using  tubemills,  I  have  com- 
piled the  following  table,  comparing  the  costs  on 
the  mines  where  double-stage  crushing  is  in  vogue 
with  the  costs  at  New  Kleinfontein  where  crush- 
ing by  the  old  single-stage  method  is  still  in  use. 

I  at  first  attempted  to  compare  the  milling 
costs  directly,  but  found  that  the  different 
systems  of  apportioning  charges  in  use  on  the 
mines  rendered  this  impossible.  For  the  same 
reason  it  was  impossible  to  use  the  total  reduction 
costs  as  a  basis  of  comparison.  I  have  therefore 
given  in  separate  columns  the  reduction  expenses, 
the  general  charges,  and  the  total  costs,  and  have 
used  the  figures  in  the  last  column  as  a  basis  for 
comparison,  as  this  seemed  the  only  fair  method, 
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as  I  found  the  term  "  General  Charges  "  to  be  a 
very  elastic  one  and  to  have  quite  different  mean- 
ings on  the  various  mines.  For  example,  at 
New  Kleinfontein  the  reduction  expenses  include 
the  maintenance  of  surface  plant,  whereas  on 
other  mines  a  proportion  of  this  maintenance 
cost  is  apportioned  to  general  charges. 

It  will  be  noticed  from  the  tables  that  only 
four  mines  show  lower  reduction  expenses  than 
the  New  Kleinfontein  Company,  namely,  the 
Simmer  tfc  Jack,  Luipaard's  Vlei  Estate,  Village 
Deep,  and  the  West  Rand  Consolidated.  The 
low  expenses  at  the  Simmer  <k  Jack  are  probably 
due  to  the  large  tonnage  treated,  whilst  the  low 
costs  on  the  Village  Deep  and  Luipaard's  Vlei 
Estate  appear  to  be  due  to  a  larger  share  of  the 
costs  being  apportioned  to  general  charges, 
which  amount  to  Is.  9T28d.  and  Is.  ll-201d. 
respectively,  as  compared  with  Os.  6T46d.  at 
New  Kleinfontein.  As  to  the  West  Rand  Con- 
solidated the  costs  must  be  compiled  on  a 
different  system  to  the  one  commonly  employed, 
as  the  general  charges  amount  to  3s.  7 '633d. 
per  ton  milled. 

Comparison  between  Reduction  Expenses,  General 
Charges,  and  Total  Costs,  of  the  New  Kleinfontein 
without  Tubemills  and  Sundry  Rand  Mines  using 
Tubemills. 


Name  of  Company, 


Tonnage 
Milled  per 

Month. 


NewKleinfontein     38,599 


Com 
Simmer  &  Jack 
Knights  Deep  ... 
Wit.  Deep 
Simmer  Deep   ... 
East   Kami    Pro 
prietary  Mines 
Rose  Deep 
Simmer  &  Jack  E 
Village  Deep     .. 
Luipaardsvlei  E. 
Village  Main  K. 
Rohinson  Deep.. 
Ferreira  Deep  .. 
NewModderfont 
Crown  Mines    .. 
Knights  Central 
Robinson  G.  M. 

Jupiter 

Wolhuter 
Nourse  Mines   .. 
New  Goch 
Van  Ryu 
Geldenbuis  Dee] 
New  Rietfontein 
West  Kami  <  Ions 
( 'intlerella  Deep 
Meyer  &Charl  ton 
Rooile|ioort  Unit 
Durban  Roode.D 
Treasury 
New  Heriot 


Reduction 
Expenses 
(per  ton 
milled). 


4/0-748 


General 
Charges 
(per  ton 
milled). 


0/6  146 


Total 
(per  ton 
milled). 


4/6-894 


panics  ui 
68,900 
49,499 
36,723 
48,952 

157,243 
39,883 
29,727 
32,970 
16,119 
43,600 
51,366 
31.772 
45,200 

121.100 
22,378 

57,588 
24,570 
27,150 
37,928 
24,740 
29,852 
39,753 
17,317 
17,672 
13,129 
13,162 
17,683 
17, 197 
8,873 
11,583 


-in''  tubemills 


3/9-684 
4/2-022 

4/6-92 

4/5-504 

4/11  734 

4/7-736 

4/3-632 

3/10-783 

3/9-437 

4/8-713 

4/3  552 

4/7-501 

4/.V617 

1/4-739 

4/5-91 

4/8-54!) 

4/6  843 

5/4-618 

4/6-410 

4  9-105 
l  s  :;n;; 
5/1-866 
4/6-456 
3/8-248 

5/8-l!)5 

5  7-582 
5/6  643 
:.  1-539 
7/2-09 

6/8 -J  16 


1/0-607  I  4/10-291 
0/1 1  -350  5/1  -372 


0/8-70 
1/0  671 

0/6-997 

0/11541 

L/4-233 

1/9128 

1/11-201 

0/1 1  982 

1/5-581 

1/2  876 

1/5.577 

I  li  ssii 

1/6-09 

1/3-674 

1/7-079 

(1/1(1-959 

1/10-381 

1/10-77-2 

2/0-073 

1/9-175 

2/8  -352 

3/7(J33 

2/1-287 

2/2-652 

2/5-551 

■_'  8135 

1/3  48 
2/0  216 


5/3-62 
5/6-175 

5/6-731 

5/7-277 

5/7-865 

5/7-911 

5/8-638 

5/8-695 

5/9-133 

5/10-437 

5/11*194 

5/11-625 

6/0- 

6/0-22:5 

6/1-922 

6/3-577 

6/4 -7!)  I 

(i  7'877 

6/8  376 

6/11041 

7/2-808 

7/3 -ssi 

7/9-482 

7/10-234 

8/0-194 

8/0-674 

8/5-57 

8/8-432 


Coming  to  the  table  on  p.  1 1 2,  it  will  be  seen  that 
the  author  states  that  in  May,  1907,  the  cost  of 
single-stage  crushing  through  1,600-mesh  (O016 
in.)  and  1,200-mesh  (0-017  in.)  screening  (the 
battery  pulp  containing  10'92%  of  +60(0-01  in.) 
grade)  was  Is.  10-424d.  per  ton  milled,  and  that 
in  January,  1909,  crushing  with  stamps  through 
200-mesh  (0-057  in.)  and  400  mesh  (0-035  in.) 
screening  and  regrinding  in  tubemills,  to  a  final 
product  of  which  only  1'61%  remained  on  a  60 
(0-01  in.)  screen,  the  cost  was  Is.  10"742d.  per  ton 
milled.  There  was  therefore  a  difference  of  0-318d. 
per  ton  milled  in  favour  of  single-stage  crushing,  a 
difference  which  would  probably  be  accounted 
for  by  the  difference  in  the  tonnage  milled  during 
the  two  periods  under  review,  namely,  35,500 
tons  in  May,  1907,  and  29,600  tons  in  January, 
1909. 

The  costs,  as  given  by  the  author,  can,  however, 
hardly  be  taken  as  a  fair  criterion  of  the  two 
systems  of  crushing,  as  he  does  not  state  whether 
he  has  taken  into  consideration  the  initial  capital 
outlay  in  the  two  cases,  with  redemption  and 
interest  charges  properly  apportioned  ;  or  whether 
he  has  allowed  for  all  the  other  factors  involved, 
such  as  comparative  output,  life  of  mine,  &c, 
nor  does  he  state  whether  he  has  made  allowance 
for  the  very  large  and  general  fall  in  working 
costs  that  has  taken  place  between  1907  and 
1909,  due  to  cheapening  of  labour  and  of 
supplies  and  to  other  things  not  directly 
dependent  upon  the  method  of  crushing  adopted. 
Neither  has  he  let  us  know  whether  the  reduction 
in  the  percentage  of  the  +60  (0'01  in.)  grade 
from  1092%  to  1  "61%  has  been  followed  by  an 
increase  in  the  extraction  sufficient  to  meet  the 
additional  cost  of  the  finer  grinding.  In  connec- 
tion with  this  point  I  may  again  remark  that  with 
battery  pulp  containing  some  14%  of  +60 
(0-01  in.)  grade  an  extraction  of  94%  is  obtained 
at  New  Kleinfontein,  so  that  it  would  appear 
doubtful  whether  the  cost  incurred  in  reducing 
the  percentage  of  +60  (0-01  in.)  grade  to  as 
low  as  T61%  is  defensible. 

From  the  author's  summing-up  it  is  evident 
that  he  has,  as  I  have  previously  mentioned, 
shelved  the  question  of  any  increase  in  stamp 
milling  efficiency  being  obtained  by  the  installa- 
tion of  heavy-weight  stamps  and  tubemills,  and 
that  he  now  bases  their  claims  to  adoption  on 
the  ultimate  economy  of  the  whole  plant,  due  to 
economies  in  the  erection  and  running  of  a  mill 
resulting  from  a  reduction  in  the  number  of 
units,  and  fco  an  increase  in  the  output  with  a 
corresponding  decrease  in  the  life  of  the  mine. 

In  connection  with  the  economies  in  capital 
expenditure  on  plant,  the  advocates  of  the  heavy- 
weight stamp  plus  tubeniill  combination  claim 
that  its  adoption  has   reduced   the  cost  of   mine 


5,36 


The  .Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.         April  1910 


plant  per  ton  of  ore  milled  per  24  hours  by  more 
than  two-thirds.  This  reduction  I  cannot  admit 
to  be  due  to  the  introduction  of  the  heavy  weight 
stamp  and  tubemill,  as  if  it  was  due  to  this 
innovation  in  metallurgical  practice  it  would 
surely  be  clearly  brought  out  in  the  tabular 
statement  cm  page  365,  comparing  the  cost  of 
mines  which  have  adopted  two-stage  crushing 
with  the  costs  at  New  Kleinfontein,  and  that  this 
is  not  the  case  a  reference  to  this  table  will  at 
once  make  clear.  The  reduction  in  capital 
expenditure  would  appear  to  me  to  .be  mainly 
due  to  three  causes  : — first,  the  use  by  the  mines 
of  electric  power  generated  at  large  central 
stations,  secondly,  the  far  larger  scale  on  which 
milling  operations  are  now  carried  out,  and, 
thirdly,  the  general  cheapening  of  labour  and 
supplies  during  the  last  few  years,  and  to  have 
little,  if  anything,  to  do  with  the  introduction  of 
the  heavy-weight  stamp  and  tubemill.  That 
the  author  fully  believes  that  double-stage 
crushing  is  more  economical  than  single  stage 
crushing  can  be  seen  from  his  statement  (see 
page  1 11)  that  "  the  later  use  of  tubemills  as  well 
(namely,  with  heavy-weight  stamps)  yielded  at 
the  same  total  cost  a  product  with  fewer  coarse 
(plus  OOl  in.)  particles  and  hence  a  still  more 
perfect  exposure  of  the  gold,"  and  from  the 
following  summing  up  (see  p.  115)  of  the  advan- 
tages of  heavy-weight  stamps  as  compared  with 
light-weight  ones  : — 

1.  "  Reduction  of  the  initial  capital  expendi- 
ture in  erecting,  say,  200  stamps  at  1,750  lb. 
with  accessories,  in  place  of  280  stamps  at  1,250 
lb.  each." 

2.  "  Reduction  in  size  of  mill  building,  almost 
proportional  to  the  less  number  of  stamps." 

3.  "  30%  less  shafting,  belts,  and  other  moving 
parts  to  maintain." 

4.  "  30%  less  labour  required  for  dressing 
plates,  lubricating  moving  parts,  changing 
screens,  and  other  work  incidental  to  milling 
operations." 

Before  commenting  on  these  four  statements  I 
must  say  that  they  appear  to  me  to  savour  of 
very  special  pleading,  as  though  the  author  is 
fully  aware  that  it  has  been  conclusively  proved 
by  the  Mines  Trials  Committee  that  the  maximum 
efficiency  of  the  heavy-weight  stamp  can  only  be 
obtained  when  crushing  through  coarse  mesh 
screening,  thus  necessitating  the  use  of  secondary 
grinding  machines,  and,  as  I  have  just  shown, 
admits  that  the  use  of  tubemills  improves  the 
efficiency  of  a  heavy-weight  stamp  installation, 
yet  he  omits  all  mention  of  the  tubemill  when 
summarising  the  advantages  of  the  heavy-weight 
stamp  as  compared  with  the  light-weight  stain]), 
thus  entirely  vitiating  all  his  conclusions. 


Coming  now  to  these  four  statements  1  should 
like  to  make  the  following  observations  : — 

1.  The  reduction,  if  any,  in  capital  expendi 
ture  on  stamps  and  accessories  is  not  as  great  as 
at  first  sight  might  appear  to  be  probable,  as  the 
total  weight  of  the  stamps  themselves,  in  the  two 
cases  suggested  by  the'  author,  is  identical,  whilst 
the  far  greater  vibration  consequent  upon  the 
heavier  weight  of  the  individual  stamps,  necessi- 
tates the  use  of  massive  concrete  foundations  in 
the  place  of  the  old  timber  piles,  the  replacement 
of  the  wooden  king  post  by  steel  or  reinforced 
concrete  constructions,  and  the  installation  of  far 
larger  and  heavier  cams  and  cam  shafts,  pulleys, 
friction  clutches,  etc.  Again,  although  the  water 
required  per  ton  of  ore  crushed  may  be  reduced 
(although  this  is  a  point  still  under  investigation 
by  the  Mines  Trials  Committee)  the  total 
quantity  passing  through  each  box  will  be  more 
than  doubled,  necessitating  a  larger  water  service 
to  each  box,  whilst  the  larger  ore  feed  will 
necessitate  bigger  and  more  expensive  ore 
feeders.  If  to  the  cost  of  the  stamps  be  added 
the  cost  of  the  necessary  (if  the  stamps  are  to 
work  at  their  maximum  efficiency)  secondary 
grinding  plant,  such  as  the  tubemill  circuit 
with  its  launders,  cones,  pumps  and  other 
equipment,  it  will  be  obvious  that  the  cost  of  the 
crushing  appliances  alone  will  be  higher  with 
heavy-weight  stamps  than  with  light-weight 
stamps. 

2.  As  to  there  being  any  reduction  in  the  cost 
of  the  mill  building,  this  is  more  than  doubtful 
if  the  mill  bins  are  still  retained  as  an  integral 
part  of  the  building.  The  usual  allowance  of 
three  days'  storage  capacity  means  that  the  old 
allowance  of  12  to  15  tons  per  stamp  will  now  be 
increased  up  to  60  tons  per  stamp,  or  possibly 
more,  necessitating  in  the  case  submitted  by  the 
author  a  storage  capacity  of  60  x  200  or  12,000 
tons  as  against  one  of  15  x  280,  or  4,200  tons. 
This  enormous  increase  in  the  capacity  would 
vastly  increase  the  strains  throughout  the  bin 
structure,  and  would  probably  make  the  actual 
cost  of  the  mill  buildings  more  with  the  heavy 
stamp  than  with  the  lighter  stamp  ;  whilst  as  the 
capacity  of  the  conveying  belts  will  be  corres- 
pondingly increased  they  will  be  both  larger  and 
more  costly.  Mr.  Robeson  has  suggested  storing 
the  "  fines "  outside  the  mill  building  and 
supplying  the  small  feeder  bins  inside  the  mill 
building,  which  would  still  be  necessary,  by 
means  of  a  system  of  belt  conveyors.  If  this 
method  were  adopted  there  would  still  be  the 
additional  capital  expenditure  on  the  storage 
arrangements  outside  the  mill  building,  and,  in 
addition,  extra  machinery  to  maintain,  and 
increased  running  costs  to  face,  as  it  would  be 
necessary  to   have   the  conveying    belts   running 
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over  the  week-end.  T  do  not  think  therefore 
that  this  method  would  prove  cheaper  in  the  long 
run  than  the  existing  plan  of  having  the  storage 
bins  an  integral  part  of  the  mill  buildings, 
though  from  other  points  of  view  it  possesses 
distinct  advantages.  It  must  not  be  forgotten 
too  that  to  the  cost  of  the  mill  building  must  be 
added  the  cost  of  the  buildings  for  the  tubemill 
installation. 

3.  There  will  certainly  be  some  30%  fewer 
moving  parts,  but  as  these  will  all  be  on  a 
correspondingly  bigger  scale,  and  as  the  wear  and 
tear  will  be  more  than  correspondingly  greater, 
owing  to  the  duty  per  unit  being  increased  some 
two,  three,  or  four  hundred  per  cent.,  I  very 
much  doubt  whether  the  maintenance  and 
renewals  costs  in  the  mill  alone  will  be  greatly 
reduced,  and  if  to  these  costs  are  added  the  tube- 
mill  maintenance  costs,  the  total  maintenance 
costs  will  almost  certainly  be  higher. 

4.  I  do  not   see   that   there  can   be  as  large  a 
decrease    as    30%     in    the    labour   requirements. 
Take    the    question     of     dressing     the    plates 
mentioned  by  the  author.       It   has  been   found 
during    experiments    carried    out   by   the   Mines 
Trials   Committee   that,    when   crushing  through 
coarse  mesh  screening,  it  is   necessary,   owing   to 
the    scour    due    to  the   large   particles    and    the 
increased   grade  of  the   plates  required  to  allow 
the  pulp    to    flow  freely,    to   remove    the    plates 
from  the  mill  building  and  place  them  below  the 
tubemills.       Here   there    will    be  no  reason   why 
their  number  should  correspond  with  the  number 
of  mortar  boxes   in    the   mill,  and  as  a  matter  of 
fact  their  number  will  probably  be  not  less  than 
in   a  light-weight  stamp  mill  of    similar  capacity, 
so  that  the    labour    of    dressing    the   plates   will 
practically  be  the  same  in  both  cases ;  whilst  any 
saving  of  labour  in  the   other   work  incidental  to 
stamp  milling  will  probably  be  offset  by  work  in 
connection    with    the    running  of   the     tubemill 
plant.      Generally  throughout  the  plant  costs  will 
probably    be    found    to    be    higher   in    two-stage 
crushing  than    in    single-stage   crushing,   due    to, 
first,  the  heavier  running   and  maintenance  costs 
of    the  heavy-weight   stamp    plus    tubemill  plant 
as  compared  with  the  same  costs  of  a  light  weight 
stamp    mill    of   similar    capacity  ;    secondly,    the 
absolute  necessity,  if    the    tubemills  are    to    work 
at  even  their  low    1 1 ia \ i 1 1 1 u 1 1 1    efficiency,    of   really 
skilled  supervision  and  labour  in  the  carrying  out 
of    all    the    work    in    connection    with   the   tube 
mill    circuit,    such     as     the    classifying     of     the 
inlet    and    outlet     pulps    of     the     tubemills    and 
return    spitzkasten,    banket    feed    of    tubemills, 
etc.  ;    and,    thirdly,    except    in    a   few    favourably 
situated     reduction    works,    the    increased     pump- 
ing  costs,   both   running  and  maintenance,  due 
either     to     the    steeper    grade    of    all     launders. 


&c,  or,  the  grade  remaining  the  same,  to  the 
increased  water  supply,  necessitated  by  the 
coarser  pulps,  resulting  in  either  higher  lifts  or 
larger  quantities  to  be  pumped.  It  must  not  be 
forgotten  too  that  the  smaller  and  more  numerous 
the  units  the  less  the  effect,  on  the  output  and 
consequently  on  the  costs  per  ton  milled,  of  one 
or  more  units  being  temporarily  put  out  of  action. 
The  above  brief  glance  at  some  of  the  reasons 
for  anticipating  higher  working  costs  and  at  least 
an  equal  capital  expenditure  appears  to  explain 
the  higher  costs  which  actually  occur  in  practice 
on  the  mines  where  double-stage  crushing 
has  been  adopted,  as  shown  in  the  tabular 
statement  on  page  355,  and  when  these  costs 
are  compared  with  the  low  working  costs  and 
efficient  extraction  obtaining  at  New  Kleinfontein 
with  single-stage  crushing,  it  is  impossible  to 
help  wondering  if  the  engineers  responsible  for 
the  design  of  the  plants  on  these  mines  have  not 
displayed  less  than  their  usual  caution  in  accept- 
ing all  that  has  been  claimed  for  the  tubemill  : 
or  if  they,  in  adopting  the  principle  of  double- 
stage  crushing,  have  done  so  without  either 
adequate  consideration  of  its  far-reaching 
economic  effects,  or  the  compilation  of  sufficient 
experimental  data  to  enable  them  to  demonstrate 
whether  the  increased  economic  efficiency  claimed 
for  this  system  is  based  on  facts  or  exist  only  in 
the  imagination  of  its  advocates. 

In  concluding  these  already  over  long  remarks 
I  may  say  that,  personally,  I  am  not  fully 
satisfied  that  the  economies  in  mill  practice 
claimed  by  the  advocates  of  two-stage  crushing 
have  been .  demonstrated  beyond  question,  and, 
that  until  this  has  been  done,  I  do  not  consider 
that  we  are  justified  in  assuming  that  the  heavy 
gravitation  stamp  plus  the  tube  mill  is  suitable  for 
adoption  on  the  Rand  in  every  case. 

After  all,  what  T  believe  we  are  all  trying  to  aim 
at  is  increased  efficiency,  not  only  from  a  mere 
mechanical  point  of  view  but  also  from  the 
economic  point  of  view.  That  is  to  say.  we  want 
to  do  our  milling  in  a  much  better  way  and  at  a 
much  cheaper  cost.  And,  above  all,  any  new 
method  or  any  new  combination  of  methods  must, 
in  my  opinion,  be  absolute!)  fool  proof.  It  Is 
all  very  well  to  talk  about  the  grading  which  is 
now  obtained  from  the  tubemill  circuit,  but 
those  who  work  with  a  tubemill  circuit  know- 
how  easily  bad  superintendence,  during  a  night 
shift  for  instance,  will  vitiate  the  work  of  twenty 
four  hours    Therefore,  whatever  our  new  methods 

are,  having  always  the  idea  in  view  of  increased 
economy  and  efficiency,  the}  must  be  fool  proof, 
and,  in  my  opinion,  the  tubemill  is  at  present 
very  far  from  being  foul  proof. 

There  is  onlj  one  other  point    which  I  should 
like  to  speak  about.     According  to  the  report  of 
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the  proceedings,  Mr.  Hugh  F.  Marriott  said : 
"  He  might  point  out  that  the  New  Kleinfontein 
mill  was  burnt  by  the  Boers  during  the  war,  but 
that  they  had  saved  Modderfontein."  It  would 
be  rather  interesting  to  know  what  was  in  Mr. 
Marriott's  mind  when  he  made  this  remark.  Is 
it  to  be  inferred  that  no  attempt  was  made  to 
save  the  Kleinfontein  mill,  or  that  the  extra 
bravery  of  the  Modderfontein  people  saved  their 
mill,  or  what  1  The  whole  statement  seems  to 
be  so  irrelevant  to  the  argument  brought  forward 
by  Mr.  W.  Fisher  Wilkinson.  Moreover,  at  the 
time  that  Mr.  Marriott's  remark  about  the 
Kleinfontein  mill  was  made  very  little  of  the 
original  Modderfontein  mill  which  was  in  exist- 
ence at  the  time  of  the  Boer  war  was  working,  it 
having  been  altered  and  reconstructed  out  of  all 
recognition.  From  my  personal  knowledge  of 
Mr.  Marriott  I  feel  sure  he  did  not  introduce  this 
remark  in  any  unfriendly  spirit. 

REPLY    TO    DISCUSSION. 

M.  W.  A.  Caldecott  (Past-President)  :  In 
reply  to  the  instructive  discussion  upon  his  paper 
the  author  desires  to  express  his  appreciation  of 
the  courteous  acknowledgement  of  the  advances 
which  he  has  endeavoured  to  record. 

As  regards  the  criticisms  of  individual  speakers, 
as  for  instance,  Mr.  S.  J.  Truscott,  he  would  ex- 
plain that  the  term  efficiency  was  used  in  the 
paper  as  synonymous  with  capacity,  in  the  sense 
that  if  one  stamp  crushed  five  tons  of  ore  whilst 
another  crushed  six  tons  of  the  same  ore  in  the 
same  time  to  the  same  fineness,  the  latter  would 
be  considered  more  efficient.  He  would  in  no 
way  contend  that  a  heavier  stamp  crushed  more 
ore  than  was  proportional  to  its  increased  weight, 
nor  that  there  was  any  economy  in  power  with 
heavy  stamps  per  ton  of  ore  milled  to  the  same 
fineness,  except  for  some  slight  saving  due  to  the 
smaller  number  of  moving  parts.  Mr.  Truscott's 
opinion,  however,  that  "  any  departure  from  long 
established  practice  on  the  Rand  must  necessarily 
be  a  departure  from  efficiency  "  would,  if  accept- 
ed by  those  actually  engaged  in  metallurgical 
work  on  the  Rand,  be  fatal  to  all  future  progress  ; 
it  is  indeed  disproved  by  the  changes  in  milling 
practice  on  the  Rand  of  late  years,  as  well  as  by 
the  development  of  coarse  crushing  detailed  later 
in  this  reply,  which  has  already  affected  much 
current  design  of  crushing  plants. 

As  to  the  suggestion  that  heavy  stamps  should 
be  used  for  coarse  ore  and  lighter  stamps  for  fine 
ore,  it  must  be  remembered  that  the  key-note  for 
large  modern  Rand  reduction  plants  is  simplicity 
of  arrangement,  concentration  of  similar  operations 
in  the  same  portion  of  the  plant,  and  the  use  of 
as  few  and  as  large  units  as  possible.  Moreover, 
even  if  coarse  ore  only  be  fed  to  stamps,    the 


mortar-box  always  contains  a  mixture  of  coarse 
and  partially  crushed  material,  so  that  the  same 
effect  is  produced  as  if  fine  ore  had  been  fed  with 
the  coarse.  As  the  author  has  endeavoured  to 
explain,  the  disadvantage  of  feeding  fine  material 
only  is  that  the  stamp  falls  upon  a  more  uniform 
bed,  resulting  in  a  low  pressure  per  square  inch 
and  in  crushing  by  abrasion  instead  of  by  more 
efficient  impact. 

In  regard  to  Mr.  H.  S.  Denny's  contribution  to 
the  discussion,  the  fact  that  all  recent  mills  on 
the  Rand  have  installed  heavy  stamps  renders 
further  investigation  here  of  light  stamps  largely 
academic,  whilst  many  other  urgent  problems  in 
ore  crushing  press  for  experimental  solution. 
Mr.  Denny's  assumption,  however,  that  a  stamp 
can  crush  more  banket  ore  if  finely  broken  is  ob- 
viously incorrect  in  view  of  the  results  of  actual 
runs  given  in  the  paper.  So  far  as  size  of 
ore  fed  to  mortar-box  is  concerned,  the  author 
considers  that  provided  no  larger  piece  is  fed  than 
the  stamp  can  shatter  by  a  single  blow,  at  the 
same  time  nearly  reaching  the  die  before  coming 
to  rest,  so  that  the  full  efficient  height  of  drop  is 
secured,  there  is  little  to  be  gained  by  finer  pre- 
liminary breaking.  When  his  previous  paper  on 
finer  crushing  of  Rand  banket  ore  was  written* 
the  finer  preliminary  breaking  idea  seemed  very 
attractive,  but  the  subsequent  experiments 
recorded  in  the  present  paper  have  dispelled  it, 
and  this  attitude  is  confirmed  by  the  opinion  ex- 
pressed by  Mr.  Walter  WcDermott  in  the  present 
discussion.  No  reference  was  made  in  the  paper 
to  the  high-speed  Morrison-Bremner  stamps  tried 
at  the  Meyer  and  Charlton,  because  they  could 
not  be  considered  as  included  among  the  ordinary 
cam-lifted  gravity  stamps  under  discussion,  and 
because  after  a  long  test  they  did  not  commend 
themselves  sufficiently  to  millmen  on  the  Rand  to 
ensure  their  survival. 

The  reference  to  the  passing  of  the  stamp 
as  a  unit  of  crushing  capacity  was  merely 
intended  to  indicate  that  such  variable  ton- 
nages are  obtainable  under  different  conditions, 
that  of  two  mills,  each  with  the  same  number 
of  similar  stamps,  one  might  crush  twice  as 
much  ore  per  day  as  the  other.  Whilst  for 
soft  friable  ore  causing  little  abrasion  there  are 
quite  possibly  better  pulverizers  than  stamps, 
yet  for  hard  abrasive  ores,  such  as  Rand  banket, 
no  serious  competitor  to  stamps  in  some  form 
j  with  their  characteristic  impact  action  has  yet 
appeared. 

Mr.  S.  H.  Pearce,  to  -whom  the  author's 
acknowledgements  are  due,  has  discussed  the 
remarks  by  Mr.  H.  F.  Marriott  upon  screening,  so 
that  it  is  hardly  necessary  to  again  point  out  that 
the    I.M.M.    standard    screens    are    for   grading 

"      -Trans.  IJI.M.,  Vol.  xiv.,  p.  48,  Oct.,  1904, 
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analyses,  while  the   C.  M.  &    M.   tables    refer  to 
battery  screening. 

The  suggestion  that  crushing  plant,  comprising 
both  stamps  and  tube-mills,  should  be  considered 
as  a  whole  is  of  course  correct,  and  this  view 
has  been  usual  on  the  Rand  since  the  intro- 
duction of  secondary  crushing  appliances  in 
the  form  of  tube-mills.  In  this  connection 
the  author  has  found  very  convenient  for  pur- 
poses of  calculation  what  may  be  termed  a 
"  nominal  crushing  unit  "  ("  N.  C.  U.")  defined 
as  a  stamp  with  a  running  weight  of  1,250  lb. 
and  an  assumed  new  weight  of  1,350  lb.  The 
number  of  drops  per  minute  is  assumed  to  be 
100,  the  set  height  of  drop  8  in.  and  the  actual 
height  of  drop  1\  in.  A  tube-mill  5^  x  22  ft.  is 
assumed  to  be  equal  to  30  such  nominal  crushing 
units  and  likewise  requires  about  100  h.p.  to 
operate;  this  ratio  of  stamps  to  tube-mill  is  not 
constant,  but  varies  somewhat  according  to  the 
conditions  of  operating.  The  carjacity  of  the 
above  nominal  stamp  is  rated  by  the  tons  of  -  90 
mesh  (0-006  in.)  product  it  yields  per  24  working 
hours,  and  the  capacity  of  stamps  with  different 
running  weights  but  operating  under  similar  con- 
ditions is  calculated  in  proportion  to  such  different 
running  weight,  whilst  the  capacity  of  tube-mills 
of  other  dimensions  than  those  cited  is  taken  in 
proportion  to  the  cubic  capacity  of  their  shells. 
Thus  a  stamp  with  1,400  lb.  running  weight  is 
equal  to  1*12  nominal  crushing  units,  and  a  tube- 
mill  1 4  ft.  long  x  4  ft.  diameter  is  equal  to  1 0 
nominal  crushing  units.  This  simple  rule  is 
of  value  in  determining  the  crushing  plant 
required  when  a  final  pulp  containing  a  given 
percentage  of  -  90  mesh  product  is  desired. 
Thus,  to  estimate  how  many  tube-mills 
(5£  ft.  x  22  ft.)  must  be  added  to  a  plant 
containing  200  stamps  with  a  running  weight  of 
1,400  lb.  in  order  that  1,420  tons  daily  ofpyritic 
banket  ore  should  be  crushed  to  a  pulp  contain- 
ing 80%  -  90  mesh  product,  and  assuming  like- 
wise that  a  nominal  crushing  unit  produces  3-3 
tons  -  90  product  per  24  hours  : — 

80%  of  1,420  tons       =1,136  tons  -  90  product. 
200stampsat  1,4001b  =  224  N.C.U. 
224  N.C.U.  x  33tons  =  739  tons  -  90  product. 
1,130  tons  -  739  tons  _  4    tube    mills    (5.1,    ft.  x 
30  x  33  22  ft.) 

The  assumption  that  the  production  per  24 
hours  of  -  90  mesh  product  in  the  foregoing 
illustration  is  33  tons  per  N.C.U.  in  crushing 
plant  is,  of  course,  liable  to  variation  under 
different  conditions.  Thus,  as  shown  by  the 
coarse  crushing  trials  detailed  later,  the  produc- 
tion of  -  90  mesh  product  per  N.C.U.  of  the 
crushing  plant  is  greater  with  coarse  than  with 
fine   battery   screening,    whilst   if   a    very    fine 


ultimate  product  is  obtained  the  tons  of  -  90 
mesh  product  per  tube-mill  fall  off,  both  because 
the  tube-mill  feed  is  finer  on  an  average,  and 
because  the  last  few  per  cent  of  coarse  ijarticles 
in  the  pulp  are  naturally  derived  from  fragments 
of  the  hardest  and  toughest  pebbles  in  banket 
ore,  and  are  thus  less  easily  shattered  than  the 
softer  matrix.  The  utility  of  the  -  90  mesh 
product  as  a  working  basis  for  calculating  the 
efficiency  of  crushing*  is  due  to  the  fact  that 
present  knowledge  of  banket  ore  treatment 
demands  that  as  high  a  percentage  of  the  ore  as 
is  economically  possible  should  be  crushed  fine 
enough  to  pass  such  a  screen.  In  other  words, 
-  90  mesh  product  being  that  ultimately  sought, 
the  more  tons  of  this  material  that  can  be 
obtained  per  stamp,  or  per  tube-mill  or  per  horse- 
power the  better.  At  the  same  time  it  does  not 
from  a  scientific  standpoint  disclose  the  whole 
truth,  as,  for  instance,  the  work  done  by  stamps 
in  reducing  the  ordinary  mill  feed  of  ore  to 
particles  fine  enough  to  pass  the  battery  screen- 
ing but  not  small  enough  to  pass  a  90  mesh.  The 
system  above  described,  however,  serves  to  render 
approximate  comparisons  and  records  possible, 
by  expressing  in  commensurate  figures  the 
relative  effect  produced  by  stamps  of  various 
running  weights,  tube-mills  of  various  dimensions, 
and  indeed  crushing  appliances  of  any  kind. 

Mr.  McDermott's  corroboration  of  the  author's 
attempt  to  expose  some  popular  fallacies  is 
welcome,  as  also  his  confirmation  of  the  view  that 
the  harder  the  blow  struck  the  coarser  the  screen 
advisable,  so  that  steam  or  similar  stamps  are  un- 
suited  for  fine  stamp  milling.  Since  even  with 
gravity  stamps  the  maximum  efficiency  is  obtained 
with  coarse  screens  it  is  probable  that  the  highest 
efficiency  practicable  under  existing  conditions 
with  steam  or  pneumatic  stamps,  striking  much 
harder  blows,  would  be  obtained  with  the  coarsest 
screens  compatible  with  subsequent  tube-milling, 
so  that  a  relatively  thin  layer  of  coarse  particles 
on  the  die  suffices  to  take  up  the  force  of 
impact,  instead  of  a  thicker  layer  of  fine  particles 
producing  a  cushioning  effect. 

Mr.  E  J.  Laschinger's  arrangement  in  the  City 
Deep  mill  of  multiple  cam  shaft  bearingsf  with 
2,000  lb.  stamps,  which  have  an  estimated  1  1  ton 
duty,  constitutes  a  logical  means  of  coping  with  the 
shocks  due  to  impact  of  cam  with  tappet,  which 
naturally  increase  in  severity  with  increased 
stamp  weight.  Whether  some  form  of  lifting 
device  other  than  the  cam  will  finally  be  adapted 
to  the  relatively  small  crushing  unit  which  the 
present  stamp  constitutes  it  is  difficult  to  say,  or 
whether  the  encouraging  results  of  recent   coarse 
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crushing  trials  which  are  given  later  in  this  reply 
will  result  in  the  use  of  large  pneumatic  or  other 
stamps  with  coarse  screening,  and  comparable  in 
duty  with  the  steam   stamps  on  Lake  Superior. 
This  last  system,  however,  appears  the  most  pro- 
mising, and  it  is  to  be  hoped  that  the   pioneer 
work  already  carried  out  at  the  New  Kleinfontein 
mill  in  this  direction  will   be  further  developed. 
With    the    elimi  nation    of   amalgamation  in  the. 
battery,  rolls  to  reduce  ore  to  pass  a  screen   of  9 
holes  per  square  inch  would  produce  a  suitable 
produpt  for   tube  milling  at  a  low  capital  cost, 
could  steel  be  found  for  shells  which  would  pre- 
serve  true  faces  by  withstanding  abrasion  well, 
and  thus  minimise  stoppages  and  cost  of  truing 
the  roll  faces.     The  comparative   advantage    of 
tamp  in  this  respect  is  that  even  though  the 
crushing  surfaces  of  shoe  and  die  wear  irregularly 
fair  crushing  efficiency  is  maintained. 
Mr.  Alfred  James'  mathematical  calculation  as 
to  crushing  efficiency  is  doubtless  correct  so  far 
as   the   initial  blow   upon   a  single  cube  is  con- 
cerned, but  the  author  had  in  mind  not  only  the 
work  done  at  the  first  moment  of  impact  of  the 
stamp,  but  also  that  done  as  its   fall  continued 
upon  the  fragments  of  the  cube  first  struck.      As 
to  the  use  of  heavy  stamps  for  light  porous  ores, 
the  writer  would  propose  increasing  the  number  of 
drops  per  minute,  reducing  the  height  of  drop, 
and    increasing   the    area    of   shoe  and  die.     If 
stamps  were  employed  at  all  for  this  purpose,  the 
ultimate  result  should  be  the  same   whether  the 
sary  pressure  per  square  inch  were  obtained 
ne  1,600  lb.  stamp  with   100  sq.  in.  of  shoe 
area,  or  two  800  lb.  stamps  each  with  50  sq.  in. 
area,   Whilst  Mr.  G.  H.  J.  Hooghwinkel's 
view,  that  five  heavy   stamps   on  one  cam-shaft 
lafficient,    would  be  generally  endorsed,  yet 
sumption   that  electric  driving  necessarily 
teady  running  is  not  obvious,  since  varia- 
tions in  the   speed   of   the   prime    mover    would 
rally  affect  the  mill  motors. 
Mr.  E:  T.  McCarthy's  remarks  as  to  the  possible 
se  effects  of  heavy  stamps  and  high  duties 
upon  amalgamation  appear  to  be  explainable  by 
the  increased  velocity  and  depth  of  pulp  stream, 
which  result  from  higher  stamp  duties  unless  the 
width  of   plate  be  increased.     With  ore  carrying 
coarse  gold  amalgamation  under  like   conditions 
should  be  facilitated,  whilst  quite  apart  from  any 
f    impingement,   it  is   natural   that   most 
1  i    at  the  head   of  a  plate 
i.      The    whole  tendency 
on  the  Rand  has  been  to  elimi- 
LP    "ells,  and  steps   or    falls   in    plates, 
pon  a  single  amalgamated  inclined 

•  M  r.  I      E.  Brown  has  justly  laid  stress  upon  the 
the    importance    of    the    running    weight    of    a 


stamp,  as  distinct  from  its  new  weight.  In  trials 
the  actual  running  weight  of  stamps  would  of 
course  be  determined  by  weighing  or  measuring, 
but  in  practice  the  average  running  weight  of  a 
stamp  without  compensating  weights  and  with 
half-worn  shoe  may  be  taken  as  8%  to  10%  less 
than  its  new  weight,  unless  the  head  has  been 
much  worn  by  long  abrasion. 

Mr.  Hardinge's  results'*  confirm  the  advantages 
of  coarse  crushing  in  the  stamp  battery,  as  his 
ore  apparently  yielded  about  6  tons  of  -  90  mesh 
product  per  nominal  crushing  unit  with  a  screen 
of  16  holes  per  square  inch.  His  view,  however, 
that  stamps  will  soon  become  obsolete  seems  to 
neglect  the  consideration  that  the  production  of 
fine  material  is  a  necessary  concomitant  to  the 
shattering  of  the  2  in.  cubes  by  the  stamp  impact. 
Provided  that  this  fine  product  is  promptly 
removed  by  discharge  through  the  screen  so  as  to 
avoid  cushioning  the  succeeding  blows,  its  pro- 
duction is  a  gain  as  being  so  much  of  the  final 
work  done.  In  other  words,  the  step  reduction 
with  0-2  in.  aperture  might  approximate  more 
closely  to  1  :  1,000  than  to  the  very  high  ratio 
he  mentions. 

Mr.  Urquhart's  interesting  contribution  empha- 
sises the  unsolved  nature  of  many  problems  in 
stamp-milling,  such  as  the  cause  of  irregular 
wear  of  dies.f  Any  accepted  solution  of  such  a 
problem  will  probably  be  due  to  the  careful 
observation  of  men  whose  duties  allow  corstant 
opportunities  for  noting  and  reasoning  upon  the 
behaviour  of  batteries  in  operation. 

It  is  impossible  within  the  limits  of  this  reply 
to  discuss  the  many  important  matters  raised  by 
Mr.  C.  O.  Schmitt  in  his  able  contribution  from 
the  constructional  engineer's  standpoint,  which 
indeed  deserves  to  be  regarded  as  a  paper  in 
itself,  and  the  author  hence  merely  desires  to 
express  his  indebtedness  to  Mr.  Schmitt  for  the 
large  amount  of  reliable  information  that  he  has 
furnished  to  his  fellow  workers  upon  a  subject  of 
which  much  still  remains  to  be  known. 

Mr.  Shockley's  remarks  as  to  the  desirability 
of  shoes  with  flat  bottoms  might  be  extended 
with  possibly  even  greater  force  to  flat-topped  dies, 
the  uneven  wear  of  which  was  referred  to  in  the 
paper.  Were  shoes  and  dies  to  preserve  parallel 
plane  horizontal  surfaces  it  would  be  possible  to 
run  with  a  quite  thin  layer  of  ore  upon  the  die, 
instead  of  requiring,  in  order  to  prevent  pounding 
a  certain  minimum  thickness  of  ore  above  the 
highest  part  of  the  die,  with  the  result  that  else- 
where the  ore  layer  is  unduly  thick  and  the  blow 
correspondingly  cushioned.  Whilst  the  periodi- 
cal truing  of  the  crushing  surfaces  would,  no 
doubt,  add  to  the  efficiency  of  crushing  it  would 

Engineering  and  Mining  Journal,  Jan.  la,  1910,  p.  221, 
i  Sei  this  Journal,  Vol.  vii.,  March,  L907,  p.  293, 
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be  at  the  expense  of  labour  and  metal,  and  any 
practicable  means  of  preventing  uneven  wear 
would  constitute  a  distinct  advance. 

It  is  somewhat  remarkable  that  in  spite  of 
recent  advances  by  other  companies  in  the  weight 
of  stamps  the  Luipaards  Vlei  mill  which,  as 
mentioned  in  the  paper,  was  the  first  of  the 
modern  heavy  stamp  mills  erected  on  the  Rand, 
still  holds  the  record  for  high  stamp  duty,  that 
for  January,  1910,  being  9'53  tons,  as  against 
the  9"  10  tons  duty  of  the  next  on  the  list,  the 
West  Rand  Consolidated  Mines. 

From  a  dialectic  standpoint,  an  adequate  reply 
to  Mr.  E.  J.  Way's  ably-worded  criticism  of  the 
heavy  stamp-tube-mill  policy  would  require  more 
time  and  skill  in  debate  than  the  author  can 
claim.  The  practical  man,  however,  who  judges 
by  actual  facts,  may  consider  the  following  cir- 
cumstance a  sufficient  proof  of  the  soundness  of 
the  views  expressed  in  the  paper.  Within  the 
last  month  the  Chairman  of  the  Benoni  Consoli- 
dated Gold  Mines,*  doubtless  upon  the  recom- 
mendation of  Mr.  E.  J.  Way  as  the  Consulting 
Engineer  to  the  Company,  announced  that  their 
new  crushing  plant  would  consist  of  heavier 
stamps  (2,000  lb.)  than  any  yet  in  operation 
here,  with  a  higher  ratio  of  tube-mills  to  stamps 
(1  to  13"75)  than  has  yet  been  adopted  in  regular 
practice  by  any  producing  Company  upon  the 
Witwatersrand. 

The  author  has  recently  carried  out  at  the 
mill  of  the  Simmer  East,  Ltd.,  one  of  the  Con- 
solidated Groldfields  sub-companies,  the  following 
series  of  trials  under  the  auspices  of  the  Mines 
Trials  Committee  to  further  develop  certain 
points  referred  to  in  the  paper. 

Five  stamps  with  long  hpads  ind  short  stems 
were  extemporised  in  August  last  by  joining  two 
24  in.  heads  together  by  means  of  stout  pins,  and 
were  operated  in  a  mortar-box  with  the  front  cut 
out  and  replaced  by  a  thin  detachable  steel  plate, 
as  shown  in  the  illustration.  A  wood  and  canvas 
housing  prevented  splash  above  the  mortar-box, 
through  which  the  heads  projected.  This  design 
of  stamp  was  on  the  lines  of  the  earl)-  experiments 
carried  out  at  the  Knights  Deep  of  increasing  the 
weight  of  stamps  by  interposing  a  false  shoe 
between  the  head  and  the  true  shoe,  although  the 
advantages  of  such  a  design  were  not  then 
realised.  The  results  of  the  present  trials  were 
quite  satisfactory,  apart  from  occasional  breakages 
of  the  <on necling  pins,  which  would  not  of  course 
occur  with  solid  48  in.  heads.  The  open-fronted 
mortar-box  facilitated  access  to  the  head  when 
required,  and  the  long  head  combined  with  short 
stem  lowered  the  centre  of  gravity  of  the  stamp 
to  an  appreciable  and  desirable  extent  as  compared 

'  See  Annual  Report  "f  »lii>  <  lompam  .  Smith  A  frican  Mining 
Journal.  March  26,  1910, 


with  the  usual  type.  Whilst  the  stamp  in 
question  was  of  the  heavy  type,  obviously  the 
design  is  applicable  to  stamps  of  any  weight,  and 
has  now  been  adopted  for  the  new  City  Deep 
mill.  The  following  are  the  relative  weights  of 
the  different  parts  of  the  stamps,  illustrated  in 
the  accompanying  photographs,  which  are  still 
running  regularly. 
Stem      13  ft.  6  in.  long  x  4  in. 

diam.  ...  ...  =  577  lb.     33*6% 

Tappet  (3  gib)  20in.  x  9  in. 

diam =  235  lb.     13-7% 

Head     48  in.  x  9  in.  diam.   ...  =  754  lb.     43-9% 
Shoe        9  in.  dia.   (half  worn)  -152  lb.       8-8% 


1,718  1b.  100-0% 
In  a  battery  designed  on  the  above  lines  the 
guides  could  be  brought  somewhat  closer  together 
by  lowering  the  upper  guide  and  cam-shaft  so  as 
to  still  further  shorten  the  stem,  and  the  height 
of  the  open-fronted  mortar-box  could  be  much 
reduced  as  illustrated.  The  following  are  the 
percentages  by  weight  which  the  various  parts 
constitute  of  the  total  weight  of  the  stamp 
illustrated  with  new  shoe  : — 


Stem 
Tappet 
Head 
Shoe 


27-65 

12-60% 
45-65% 
14-10% 


100-00% 
The  appreciable  extent  to  which  the  centre  of 
gravity  is  lowered  by  means  of  the  long  head  and 
short  stem,  as  compared  with  its  position  with 
the  usual  design  of  stamp,  will  be  noted  as  tend- 
ing to  maintain  the  stamp  in  a  vertical  position 
and  thus  reduce  friction  and  wear  of  guides. 

A  still  more  important  investigation,  conducted 
with  every  care  in  August  last  in  the  Simmer 
East  mill  under  the  supervision  of  Mr.  W.  R. 
Dowling,  the  reduction  works  manager,  concerned 
the  maximum  size  of  particle  which  could  be 
efficiently  pulverised  in  the  usual  tube-mill 
5^  ft.  by  22  ft.,  or  in  other  words  the  coarsesl 
battery  screening  practicable  under  these  con 
ditions.  Briefly,  the  maximum  efficient  aperture 
was  found  to  be  027  in.,  equivalent  to  battery 
screening  of  9  holes  per  sq.  in.,  and  besides 
obtaining  very  high  stamp  duties,  the  actual 
tonnage  per  day  of  the  desired  90mesh  product 
of  stamps  and  tube  mills  was  further  found  to  be 
much  greater  bj  using  such  coarse  screening  than 

with    the    liner   battery    screens    in   C on    use 

The  fact  that  pulp  from  a  coarse  battery  screen 
should  contain  more  tons  of  line  product  per 
stamp  than  that  from  a  line  screen  would  hardly 
lie  expected,  hut  though  the  percentage  of  tine 
product  in  the  former  pidp  is  low,  yel  this 
IS   ui-re    than    offset    by    the    high    stamp    duty. 
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Stamps  with  extemporised  long  heads  operating  in  mortar-box 
with  detachable  front  removed. 
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Stamp  with  long  head  and  short  stem  operating 
in  mortar-box  with  open  front. 
The  general  improvement  in  crushing  efficiency 
is  really  due  to  applying  the  principle  of  promptly 
removing  from  the  mortar-box  all  particles  too 
small  for  the  stamp  to  readily  reduce  further, 
and  by  feeding  the  coarser  of  these  to  the  tube- 
mill  providing  the  latter  with  material  which  is 
within  the  limits  of  its  most  efficient  operation. 

The    paper   to   the  discussion  upon  which  this 
constitutes    a    reply    referred    to    the    saving  in 


capital  and  operating  cost  due  to  the  use  of 
heavy  gravitation  stamps,  and  likewise  the  limit 
of  weight  imposed  by  the  ordinary  method  of 
operation.  By  coarse  crushing  the  duty  of 
stamps,  of  a  weight  which  has  been  satisfactorily 
operated  for  several  years,  is  increased  far  more 
than  is  likely  to  be  possible  with  fine  screening, 
and  any  practicable  weight  of  ordinary  cam-lifted 
stamp.  At  the  same  time  under  these  conditions 
the  u'timate  fine  product  required  may  be  readily 
obtained  by  the  addition  of  crushing  units  in 
the  shape  of  tube-mills,  which  cost  less  to  operate 
than  the  equivalent  in  stamps.  The  capital 
expenditure  is  likewise  reduced  by  the  addition 
of  such  crushing  units  as  tube-mills  at  half 
the  cost  or  less  than  the  equivalent  even  in 
heavy  stamps,  and  the  cost  of  crushing  is 
reduced  in  inverse  ratio  to  the  raising  of  the 
crushing  efficiency.  The  extent  to  which  the 
capital  cost  of  large  modern  Rand  reduction 
plants,  referred  to  by  Mr.  W.  F.  Wilkinson,  has 
been  reduced  in  recent  years  is  as  yet  hardly 
realised,  but  may  be  gauged  from  the  fact  that, 
owing  to  the  employment  of  heavy  stamps, 
coarse  stamp  milling,  sand  filter  tables,  large 
units  throughout  and  electric  power,  the  Simmer 
Deep-Jupiter  reduction  plant  when  extended  is 
estimated  to  cost*  <£107  per  ton  of  ore  treated 
per  24  hours,  or  well  under  one-third  of  the  cost 
of  smaller  first-class  reduction  plants  erected 
in  the  former  years. f  The  extension  of  crushing 
capacity  of  the  Simmer  Deep-Jupiter  plant  by 
48,000  tons  monthly  will  be  effected  by  means  of 
ten  tube-mills  (5J  ft.  x  22  ft.)  so  as  to  obtain  an 
average  14  ton  stamp  duty  through  screening  of 
about  30  meshes  per  sq.  in.,  instead  of  by  the  addi- 
tion of  four  tube-mills  and  200  stamps  with  an  8^- 
ton  duty  on  the  lines  on  which  the  existing  plant 
was  designed.  The  saving  of  very  large  sums  in 
capital  expenditure  on  reduction  plant  is  of 
especial  importance  with  poor  ore,  as  this  con- 
sideration may  prove  the  factor  which  determines 
whether  a  low-grade  mine  shall  be  brought  from 
the  developing  to  the  producing  stage  or  not.  In 
other  words,  with  a  given  amount  of  capital 
available,  a  large  plant  for  poor  ore  can  now  lie 
erected  at  the  same  cost  as  a  small  plant  in 
former  years,  which  latter  might  not  treat  suffi- 
cient tonnage  to  yield  any  profit  at  all  on  such 
low-grade  ore.  In  any  case,  reduction  of  capital 
cost  relieves  the  subsequent  operating  cost  of  a 
corresponding  burden  for  redemption  and  interest 
on  capital  sunk  in  plant. 

The  development  of  coarse  crushing  in  stamp 
mills    has    likewise    been    carried    out    in    other 


See  Reporl  "t    Annual  Meeting  of  Simmer  Deep,  Ltd.,  S.  A. 
Mining  Journal,  March  26,  L910. 

t  According  to  Ltoss  Browne  {Journal  S.A.  Association  o) 
Engineers,  Vol.  \ii..  May,  L907),  the  average  cost  of  nine  Rand 
Mines  plants,  including  crushing,  cyaniding  and  power  sections 
was  £350  per  ton  of  ore  milled  per  H  hi  i 
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mining  districts,  although  the  maximum  limit  of 
screen  aperture  probably  varies  under  different 
conditions,  according  to  the  hardness  or  otherwise 
of  the  ore  and  the  dimensions  of  the  tube-mills 
and  pebbles  used.  Thus,  among  other  coarse 
crushing  plants  in  Rhodesia,  the  Giant  Mine  with 
with  a  large  proportion  of  soft  ore  has  used 
screens  up  to  \  in  aperture*  ;  the  Komata  Reefs 
in  New  Zealand  use  a  battery  screen  of  three 
holes  per  linear  inch  with  subsequent  tube-mill- 
ingf  ;  and  Mr.  Chas.  Butters'  various  mills  at 
Copalaand  elsewhere  use  screening  of  I  holes  per 
linear  inch,  that  of  the  Divisadero  Co.  (Salvador) 
achieving  with  this  mesh  a  stamp  duty  of  over  (.) 
tons,  and  the  aid  of  tube-mills  a  final  pulp  of  55 
of  -  80  mesh  sand  and  45%  of  -  200  slime. 

In  the  tSimmer  East  investigations  some 
trials  of  50  stamps  with  coarse  battery  screening 
(16  and  36  holes  per  sq.  in.)  and  the  remaining 
80  stamps  with  fine  screening  (1,000  to  1,600 
holes   per    sq.     in.)    were    first    carried   out    with 

■  See  this  Jmi, -mi i  ,  Vol.  i\..  Nov.,  p." is,  1 1.  i 

\  New  Zealand    Mines    Record,    L6tta    April    1909;   -il-"  Lin-, 

Journal,  Oct.,  1909,  p,  LSI  ;  and   IVI>.  1910,  p.  -'.IT. 


Section  and  elevation  of  mortar-box  with  open  front. 


encouraging  results,  though  the  scouring  of  the 
amalgamated  plates  with  this  coarse  product  was 
found  to  be  excessive  and  in  subsequent  trials  the 
plates  were  covered  with  linoleum.  The  cyaniding 
results  of  the  trials  were  normal  and  in  propor- 
tion to  the  ultimate  fineness  of  the  pulp. 

In  all  trials  the  usual  tube-mill  circuit  f  was  in 
operation  whereby  the  coarse  portion  of  the  pulp 
after  elevation  was  separated  by  cone  classifiers 
for  tube  milling.  The  tube-mill  outflow,  after 
passing  over  shaking  amalgamated  plates,  rejoined 
the  pulp  from  the  batteries  for  re-elevation  and 
separation  of  any  coarse  particles,  which  again 
passed  through  the  tube-mills,  whilst  the  fine 
material  overflowing  the  classifiers  gravitated  to 
the  cyanide  plant. 

In  the  subsequent  trials,  only  stamps  with  coarse 
screening  were  used,  and  the  tonnage  of  ordinary 
mill  feed  of  ore  crushed  was  calculated  from 
numerous  measurements  of  ore  supplied  to  the 
batteries  from  a  bin,  which  was  partitioned 
off  for  the  purpose,  and  the  surface  of  the  ore 
levelled  before  and  after  each  run,  20  cub.  ft.  of  ore 

t  G.  O.  Smart,  in  this  Journal,  Vol.  x.,  Feb.  1910,  p.  is:. 
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being  taken  to  the  ton.  The  duties  thus  found 
were  checked  where  practicable  and  with  substan- 
stantially  the  same  results,  by  the  tonnage  of 
sand  and  slime  collected  during  each  run.  50 
stamps  and  3  tube-mills  (5^  ft.  x  22  ft.)  were 
available  for  the  trials  and  were  run  in  varying 
ratios  to  each  other  as  stated. 

Trials  were  made  with  battery  screening  of  4 
holes  per  sq.  in.,  but  it  was  found  that  with 
this  product  the  tube-mills  discharged  very  coarse 
material,  which  accumulated  in  the  tube-mill 
circuit,  many  particles  in  the  pulp  being  appar- 
ently too  large  to  be  shattered  by  the  falling 
pebbles,  and  being  merely  rounded  by  abrasion 
during  their  passage  through  the  tube-mill. 

Regular  and  frequent  sampling  of  battery  pulp 
during  each  run  was  carried  out  to  obtain  sam- 
ples for  grading  analyses,  and  to  determine  the 
ratio  of  water  to  solids.  The  grading  of  the  final 
pulp  was  calculated  back  from  the  grading  of  the 
sand  charges,  in  accordance  with  the  percentage 
by  weight  they  constituted  of  the  ore  milled. 
The  production  of  -  90  mesh  product  per  stamp 
was  determined  from  the  percentage  of  -  90  mesh 
in  the  battery  pulp  and  the  stamp  duty,  whilst 
the  production  of  -  90  mesh  product  per  tube- 
mill  was  calculated  from  the  tonnage  of  ore 
milled  during  each  run,  divided  by  the  number 
of  tube-mills  in  operation,  and  multiplied  by  the 
difference  between  the  percentage  of  -  90  product 
in  the  battery  pulp  and  the  final  pulp. 

The  average  running  weight  of  the  stamps  in 
all  trials  was  1,400  lb.,  with  8  in.  set  height  of 
drop  at  98  drops  per  minute,  and  2  in.  height 
of  discharge,  whilst  all  mortar-boxes  were  fitted 
with  back  water  feed  as  well  as  the  usual  supply 
from  above.  The  utility  of  the  back  water  feed 
in  coarse  crushing  may  be  attributed  to  its 
washing  towards  the  screen  particles  which  are 
fine  enough  to  pass  through,  though  too  coarse 
to    readily   become    suspended    in    the    splashed 


pulp.  The  stamp  duty  of  the  16  mesh  and 
36  mesh  trials,  and  consequently  the  tons  of 
-  90  mesh  per  stamp,  is  probably  slightly  high 
in  proportion  to  the  grading  analysis  of  the 
screen  pulp,  as  the  first  mentioned  were  deter- 
mined for  single  battery  trials  with  a  higher  ratio 
of  water  to  ore  than  that  of  the  longer  runs 
detailed  in  the  table. 

For  the  purposes  of  the  trials  detailed,  special 
wooden  launders  with  10%  grade  were  installed 
and  served  satisfactorily  for  all  the  varieties  of 
pulp  produced,  including  that  from  screening  of 
4  holes  per  sq.  in.  With  screening  not  coarser 
than  9  holes  per  sq.  in.,  somewhat  less  grade 
should  serve,  and  in  the  Simmer  Deep  mill 
extension  cement  launders  of  U  cross-section  and 
wide-sweeping  bends  will  be  used,  having  7 "5% 
grade  on  the  straight,  and  9%  round  bends  or 
where  the  volume  of  pulp  is  small. 

A  large  number  of  single  5-stamp  battery  runs 
were  made  to  confirm  or  elucidate  certain  points, 
but  these  have  not  been  detailed  as  the 
information  they  afforded  is  equally  well  illus- 
trated in  the  tabular  statement. 

The  Simmer  Deep  trials,  made  somewhat  later 
under  the  careful  supervision  of  Mr.  J.  E.  Thomas, 
the  reduction  works  manager,  were  on  similar  lines 
and  yielded  similar  results.  The  stamp  weight 
was  somewhat  greater,  as  shown,  and  the  actual 
height  of  drop  8  A-  in.,  at  98  per  minute. 

In  the  case  of  both  plants  the  average  results 
of  a  month's  run,  under  ordinary  conditions,  are 
given  in  parallel  as  a  basis  for  comparison. 

The  following  table,  abstracted  from  the  fore- 
going, clearly  illustrates  the  increase  in  efficiency 
due  to  coarse  crushing  in  the  battery,  as  compared 
with  the  usual  finer  screening  : — 

Even  making  allowance  for  improved  results 
owing  to  the  special  care  taken  by  operators 
during  the  progress  of  a  trial  run  as  compared 
with  routine  work,  yet  the  increase  above  shown, 


Number  of 
Trials. 

Battery 

Duty  per 

Thn>  of  -90  Proditt  per  ii  Hours. 

Company. 

Meshes           Nominal 
persq.  in.          Stamp- 

Per  Nominal 
Stamp. 

Per 

Tube-Mill. 

PerN.C.U. 

of  Crushing; 
Plant. 

Simmer  East    ... 
Simmer  East    ... 
Simmer  East    ... 
Simmer  Deep  ... 
Simmer  East  and  Simmer  Deep 

0 
6 

1 
1 
2 

1            15-68 

9            1333 

16            12-34 

30            12-74 

36            11-00 

3-85 
3-69 
3-84 
3-83 
3-83 

132-8 

137-5 
126-1 

4-08 

4-25 
4-01 

Average  of  Coarse  Crushing 

12 

19            1302 

3-81 

132-1          4-11 

Simmer  East    ... 
Simmer  Deep  ... 

Nov.,  /09!     200             7-24 
Jan., 1910      600              6-49 

315 
3-36 

106-1          3-30 
107-7          3-44 

Average  of  Fine  Crushing 

— 

400 

6-86 

3-25 

106-9 

3-37 
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in  tons  of  -  90  product,  of  more  than  20%  per 
crushing  unit  of  plant  with  coarse  battery 
screening  is  very  great.  In  consequence  of  these 
results  the  Benoni  Consolidated,  as  already 
mentioned,  have  decided  to  adopt  very  heavy 
stamps  with  a  high  tube-mill  ratio,  whilst 
the  largest  gold  producer  in  the  world,  the 
East  Rand  Proprietary  Mines,  having  lately 
confirmed  the  advantages  of  coarse  crushing 
in  the  battery  by  independent  trials,  now 
proposes  to  shut  down  380  stamps  and  to  crush 
more  ore  with  the  remaining  440  stamps,  plus 
extra  tube-mills,  than  with  the  whole  of  their 
820  stamps  at  present  in  operation.* 

It  will  be  observed  that  the  ratio  of  water  to 
ore  in  coarse  battery  pulp  is  appreciably  less 
than  is  usual  with  finer  screens.  The  absolute 
amount,  however,  is  much  greater,  as  5-5  tons  of 
water  with  a  15-ton  duty  is  equivalent  to  41 2 '5 
tons  of  water  entering  a  mortax-box  per  24 
hours,  whilst  a  6-5  water  ratio  with  a  7-ton  duty 
only  equals  227-5  tons  of  water  per  mortar-box. 
The  large  volume  of  water  fed  into  the  mortar- 
box  naturally  facilitates  the  discharge  of  fine 
particles,  whilst  the  ready  discharge  through  the 
large  screen  apertures  serves  the  same  purpose, 
and  the  large  percentage  of  discharge  area 
prevents  the  level  of  the  pulp  in  the  box  rising 
unduly.  This  ready  discharge  of  particles  fine 
enough  to  pass  the  screen  serves  to  explain  the 
influence  which  the  water  ratio  has  upon  stamp 
duty  with  coarse  screens,  and  to  some  extent 
either  finer  screens  and  more  water,  or  coarser 
screens  and  less  water,  can  be  used  to  crush  the 
same  tonnage. 

The  increased  efficiency  of  tube-milling,  as 
measured  in  tons  of  -  90  mesh  product,  with 
coarse  battery  screening  and  a  consequent  coarse 
tube-mill  feed,  may  be  explained  as  due  to  the  fact 
that  such  coarse  particles  provide  work  to  be  done 
by  the  falling  pebbles  throughout  the  full  length 
of  the  mill,  whereas  with  a  finer  feed  many 
particles  are  early  reduced  to  the  required  size 
and  hence  the  pebbles  near  the  outlet  of  the  mill 
are  not  supplied  with  sufficient  coarse  particles  to 
secure  their  full  crushing  efficiency.  The  follow- 
ing sketch  may  serve  to  explain  in  some  measure 
why  coarse  ore  particles  are  more  readily  crushed 
by  tube-mill  pebbles  than  finer  particles,  since  the 
latter  must  be  almost  exactly  at  the  point  of  con- 
tact of  two  pebbles  to  receive  the  impact  of  the 
falling  pebble,  whereas  large  particles  distributed 
over  a  much  larger  area  are  liable  to  be  shattered. 
The  problem  is  in  essence  much  the  same  as  that 
due  to  the  uneven  wear  of  shoes  and  dies  or  of 
roll  faces,  and  indeed  constitutes  a  practical 
reason  why  the  difficulty  of  ore  reduction  increases 

*  See  Annual  Report  of  this  Company,  S.A.  Mining  Journal, 
March  26,  1910. 


with  the  fineness  of  the  final  product  sought, 
through  the  difficulty  of  ensuring  that  a  particle 
to  be  shattered  is  in  simultaneous  contact  with 
two  opposite  crushing  faces. 
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An  effect  of  coarse  crushing,  which  of  course  re- 
sults from  say  doublingthe  stamp  duty,  is  the  need 
for  larger  bins  to  contain  the  usual  two  to  three 
days  supply  of  ore  for  the  batteries,  and  various 
methods  of  meeting  this  requirement  have  been 
proposed,  as  mentioned  by  Mr.  Schmitt. 

In  designing  a  crushing  plant,  it  is  not  advis- 
able to  consider  the  maximum  stamp  duty  with 
9 -mesh  battery  screening  as  the  average  duty, 
since  the  supply  of  ore  delivered  to  the  mill  is 
not  always  regular,  so  that  at  times  a  finer  or 
coarser  screen  must  be  used.  If  the  normal  duty 
be  taken  as  that  with  a  9-mesh  screen  no 
coarser  screen  and  higher  duty  are  practicable,  on 
account  of  exceeding  the  limit  of  efficient 
tube-milling,  whereas  if  sufficient  stamps  are 
erected  to  allow  the  average  tonnage  to  be 
crushed  through  16  or  25-mesh  screens,  variations 
in  screening  and  duty  can  be  made  both  above 
and  below  the  average  requirement. 

Although  amalgamation  of  banket  ore  on 
plates  in  the  mill  is  practised  with  screening  of 
64  meshes  per  square  inch,  the  scouring  of  the 
plates  is  considerable,  and  with  coarser  screening 
a  worse  effect  is  naturally  produced.  Assuming 
that  plates  in  the  mill  are  dispensed  with,  which 
course  presents  other  advantages,  amalgamation 
can  be  subsequently  carried  out  in  the  tube-mill 
circuit  and  of  the  overflow  of  the  tube-mill  classi- 
fiers. This  matter  has  been  systematically  inves- 
tigated by  continuous  running  for  some  months 
during  the  past  year  in  several  Randfontein  mills 
by  Mr.  F.  Maxwell,  with  results  that  show  90% 
of  the  amalgamable  gold  to  be  recovered  on  the 
amalgamated  plates  in  the  tube-mill  circuit.  The 
remaining  10%  of  the  finest  amalgamable  gold, 
equivalent  to  say  6%  of  the  total  gold  contents 
of  the  ore,  passes   with  the  tube-mill  classifier 
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overflow  into  the  cyanide  plant,  where  nearly  all 
remains  with  the  sand.  Given  good  classification 
for  tube-milling  and  efficient  cyanide  treatment 
of  sand  by  cyaniding,  it  is  not  apparent  that  the 
presence  in  the  final  pulp  of  a  small  amount  of  fine 
metallic  gold,  which  is  readily  and  totally  dis- 
solved by  cyanide  solution,  is  sufficient  to  warrant 
the  cost  of  installing  and  operating  amalgamated 
plates  for  the  classifier  overflow.  With  the  large 
ratio  of  tube-mills  to  stamps  involved  by  coarse 
crushing,  the  number  of  tube-mill  classifiers  and 
their  total  settling  area  is  of  course  far  greater 
than  with  fine  crushing  in  the  battery,  and  the 
consequent  use  of  a  limited  number  of  tube-mills 
to  "finish  off"  the  tailing  pulp. 

STOPE  MEASUREMENTS. 


(Read  at  A fay  Meeting,  1909.) 
By  Otto  S.  Tonnesen  (Member). 


REPLY    TO    DISCUSSION. 

Mr.  0.  S.  Tonnesen  (Member):  With  refer- 
ence to  the  criticism  on  my  [taper  on  stope 
measuring  I  regret  not  having  been  able  to  reply 
earlier,  owing  to  my  absence  on  a  holiday  trip.  I 
am  glad  to  notice  that,  on  the  whole,  the  paper 
seems  to  have  b?en  favourably  received,  and  that 
there  are  no  vital  criticisms  of  adverse  nature. 

Mr.  A.  A.  Coaton  agrees  with  me  that  "  the 
transit  method  is  necessarily  slow  on  account  of 
having  to  book  two  sets  of  angles  for  each  sight," 
and  his  "  chief  objection  to  the  use  of  the  transit 
for  stope  measuring  is  at  that  stage  of  the  opera- 
tion where  the  horizontal  fathomage  is  converted 
to  inclined  fathomage."  But  he  claims  that  the 
question  of  setting  up  the  transit  rapidly  and 
safely  on  steep  inclines  not  exceeding  60°  can  be 
overcome  by  adopting  the  bolt  stand,  as  used  on 
the  Wit  Deep  and  Simmer  Deep.  The  time  it 
takes  to  superintend  the  IS  in.  holes  being 
correctly  drilled  must,  of  course,  also  be  taken 
into  consideration.  (Mr.  15.  Travers  Solly  goes 
a  step  further,  using  two  l!S  in.  holes.)  Admit 
ting  that  this  is  an  improvement  on  the  ordinary 
method  of  setting  up  a  theodolite,  I  still  maintain 
that  "  in  a  steep  stope  the  setting  up  of  a  theodo- 
lite is  a  very  lengthy  and  difficult  operation,"  ami 
see  no  reason  for  employinga  slower  and  difficult 
operation,  when  a  quicker  and  easy  method  can 
be  substituted  with  accurate  result.  I  would 
also  point  out  as  a  disadvantage  in  using  the 
transit  and  bolt  stand,  that  the  bolt,  when  used 
for  future  reference  and  set  up,  is  likely  to  come  out 
of  its  true  centre,  owing  to  rock  falling  and  being 
shovelled.  Although  this  boltstand  has  been  used 
in  a  couple  of  mines  for  several  years  it  has  not 


been  generally  adopted  on  the  Hand,  or  won  many 
friends  and  advocates  among  mine  surveyors. 

Mr.  Coaton's  suggestion  for  the  determination 
of  the  true  dip  of  a  stope  is  correct  and  smart, 
but  it  entails  still  more  observations  and  office 
work  and  is  not  likely  to  be  used  by  the  majority 
of  mine  surveyors,  but  oidy  by  the  most  con- 
scientious of  them,  and  is,  therefore,  not  justified 
unless  no  other  correct  method  be  available. 

Mr.  Coaton  refers  to  a  sentence  in  my  paper, 
wherein  I  state  that  "  the  true  error  is  greater 
than  shown  in  above  table  owing  to  the  difference 
in  length  between  the  face-line  and  straight-line 
AB."  What  was  in  my  mind  was,  that  the 
irregularity  of  the  face-line  will  cause  further 
complications  and  inaccuracies  in  the  measure- 
ments which  would  increase  the  error.  But  as 
this  would  be  the  result  of  offset  errors  and 
personal  errors  rather  than  sagging  tape,  I  agree 
that  the  sentence  has  got  a  misleading  form  and 
had  better  been  left  out.  Admitting  my  proofs 
of  the  danger  of  the  tape  triangulation  system, 
arising  from  a  sagging  tape,  Mr.  Coaton  gives  a 
formula  for  obviating  this  error  by  measuring  the 
vertical  sag.  This  method  may,  to  some  extent, 
lessen  the  effect  of  sag  error,  but  again,  as  above, 
this  increases  the  observations  and  calculations 
and  sources  of  errors,  and  would  only  be  justified 
if  no  better  method  were  available.  The  method 
is  also  unreliable  in  practice,  for  the  sag  is  not  a 
constant  one  during  the  offsetting  process,  vary- 
ing according  to  the  tension  the  boys  are  putting 
on  to  the  tape,  and  with  many  other  conditions. 
And  finally,  how  is  Mr.  Coaton  to  measure  the 
vertical  sag  ?  Simply  by  measuring  the  vertical 
distance  from  the  hanging  to  the  middle  of  the 
tape.  Or  is  he  going  to  sight  in  a  candle  from 
the  ends  of  his  tape  and  then  measure  the  vertical 
distance  from  this  candle  to  the  middle  of  the 
tape  .'  The  last  method  he  will  find  in  most  cases 
impossible,  when  the  tapes  are  held  in  the  hang 
ing,  which  is  never  a  true  plane,  and  in  every 
case  utterly  impractical  and  slow.  The  first 
method  is  absolutely  wrong  and  misleading,  for 
the  reef  plane  is  never  a  true  plane  but  somewhat 
convex  or  concave,  and  local  irregularity  of  hang 
ing  wall  would  enlarge  or  minimise  the  measure- 
ments of  the  vertical  sag.  These  several  reasons 
lender  such  determination  of  sag  errors  incorrect 
and  impractical.  Mr.  Coaton's  formula  is  never- 
theless aiming  in  the  right  direction.  Now  I 
consider  that  the  best  method  of  getting  rid  of 
the  sag  errors  is  t<>  bring  them  down  to  a 
minimum  \>y  shortening  our  lines  so  as  not  to 
greatly  exceed  Kin  ft  My  critics  find  my 
example  on  p.  o77,  1909,  "fa  316  ft.  long  tape 
line  rather  exaggerated,  which  I,  to  some  extent, 
grant.  My  aim  was  to  investigate  and  distin- 
guish   the    different    sources  of  errors  and  to  call 
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for  discussion  in  order  to  further  clear  the  matter 
and  therefore  I  necessarily  had  to  select  pointed 
examples.  But  there  is  a  clear  method  in  my 
argument  :  I  measure  a  stope  of  250  ft.  back, 
dipping  50%  (surely  a  very  common  and  ordinary 
case).  I  measure  it  in  two  ways  :  (1)  by  a  straight 
offsetting,  line  from  top  to  bottom  and,  (2)  by 
intersecting  intermediate  pegs  (Fig.  IV.,  p.  378, 
1909).  The  first  method  distinguishes  sag  errors, 
the  second  gives  a  combination  of  sag  errors  and 
intersection  errors. 

Mr.  Coaton  proposes  to  avoid  projection  errors 
by  avoiding  the  use  of  drive  pegs.  There  are, 
however,  a  multitude  of  cases,  particularly  in 
steep  stojjes,  where  it  is  impossible  in  practice  to 
neglect  the  usefulness  of  drive  pegs.  It  is  there- 
fore of  importance  that  we  know  the  cause  and 
effect  of  projection  error  in  order  to  beware  and 
keep  them  within  allowable  limits.  There  is  no 
reasonable  objection  to  using  drive  pegs,  if  they 
are  on  reef  and  the  sighting. candle  is  so  suspended 
as  to  be  approximately  on  the  plane  measured. 

Mr.  Coaton  has  never  found  any  difficulty  in 
judging  the  right  angle,  where  the  offsets  do  not 
exceed  30  ft  I  shall  refer  him  to  Mr.  Travers 
Solly's  remark  on  p.  213,  1910,  where  my  opinion 
is  backed  up. 

I  quite  endorse  Mr.  Coaton's  method  of 
protractor  plotting.  It  is  good  and  quick.  I  am 
also  thankful  for  his  investigations  as  to  the 
effect  of  the  plane  of  the  instrument  not  being 
held  on  the  plane  of  the  reef.  However,  my 
instrument  is  so  constructed  that  when  the  back 
and  foresight  points  coincide  in  the  prisms  then 
the  plane  of  the  instrument  must  necessarily  be 
in  the  same  plane  as  the  three  survey  points. 
Nevertheless,  Mr.  Coaton's  calculation  holds 
good,  viz.,  when  the  reef  changes  in  dip. 

I  wish  to  thank  Mr.  Coaton  for  his  suggestion 
for  obtaining  a  distinct  light,  and  generally  for 
his  valuable  contribution  to  the  discussion. 

I  also  wish  to  thank  Mr.  B.  Travers  Solly  and 
Mr.  Tom  Johnson  for  their  able  contributions.  I 
have  never  thought  nor  said  that  proper  and 
painstaking  stope  measurements  are  not  done  on 
the  Rand.  It  is  bad  enough  that  mistakes  and 
errors  often  do  occur  and  are  found  out,  and  it  is 
our  aim  to  gain  the  confidence  of  all  concerned, 
not  by  deceit  and  bluff,  but  by  straight  and 
correct  methods  worthy  of  the  support  of  this 
institution,  "  whose  proceedings  are  noted  all 
over  the  world." 

The  main  aim  of  my  investigations  has  been  to 
get  to  the  bottom  of  the  truth  in  this  manner. 
I  investigate  the  cause  of  errors.  (This  was  not 
an  easy  task,  and  one  not  previously  seriously 
attempted.)  These  errors  may  not  always  occur, 
though  when  they  do  they  sometimes  compensate 
one  another.     But  more  than  often  they  must 


occur  and  even  accumulate.  Having  investigated 
and  pointed  out  the  different  sources  of  errors,  I 
introduce  means  of  avoiding  them  or  keeping 
them  within  reasonable  limits.  It  is  not  to  the 
point  to  instance  cases  where  a  miner  disputing 
measurements  has  been  found  wrong.  It  happens 
often,  and  so  does  the  contrary  case.  I  have  also 
some  slight  experience  with  miners  and  grumbling 
and  I  know  as  well  as  Mr.  Tom  Johnson  that 
some  of  them  will  grumble  for  anything,  but  that 
is  one  of  the  reasons  why  I  have  gone  to  the 
trouble  of  finding  a  method,  which  does  away 
with  our  own  doubts  and  enables  a  quick  and 
reliable  check.  Mr.  Johnson  asks,  did  I  ever 
think  of  how  the  idea  of  stretched  strings  could 
be  used.  I  did,  and  so  did  our  ancestors.  It  was 
one  of  the  first  primitive  means  of  estimating  an 
angle.  It  is  unreliable,  since  it  is  dependent  on 
the  sag  and  conditions  of  the  lines  and  on  a 
rough  estimation  of  the  right  plane.  It  measures 
the  angles  between  the  tangents  and  not  the 
chords.  I  think  Mr.  Tom  Johnson  has  no  right 
to  slight  Mr,  Saner,  myself,  nor  anyone  else  for 
being  conscientious  in  our  work.  Bluff  is  a  gift 
not  possessed  by  all  of  us. 

Dr.  Moir's  hairsplitting  attempt  at  criticism 
has  been  so  thoroughly  dealt  with  by  both  Mr. 
Coaton  and  Mr.  K.  Tonnesen,  that  it  is  hardly 
necessary  to  further  refer  to  it.  His  own  blunders 
render  his  results  essentially  wrong.  In  his  latest 
reply  Dr.  Moir  attempts  to  conceal  his  own 
retreat  by  pointing  out  an  error  in  a  formula 
brought  forward  by  Mr.  Coaton,  and  to  further 
prove  how  extremely  wrong  it  is  to  use  the 
parabolic  curve.  He  instances  that  even  a 
circular  curve  may  give  accurate  results  enough. 
To  this  I  would  only  say,  that  it  would  have  been 
quite  justified  for  this  purpose  to  treat  the  tape 
curve  as  a  circular,  if  this  had  given  easier  solu- 
tion. As  it  is,  however,  the  parabolic  area 
besides  being  a  closer  approximation  is  ever  so 
much  simpler  solution  as  the  "  area  of  a  parabolic 
segment  equals  two-thirds  of  the  circumscribed 
parallelogram."  This  is  a  perfectly  clear  and 
well  known  definition,  and  I  do  not  see  Dr. 
Moir's  justification  in  charging  me  with  obscurity 
on  a  point  which  he  must  have  misunderstood. 
However,  I  agree  that  some  of  my  calculations 
could  have  been  still  more  comprehensively 
explained,  bat  I  chose,  what  I  considered  the 
happy  medium,  in  order  not  to  make  the  paper 
too  long  and  tiresome.  Finally,  I  wish  to  thank 
Dr.  Moir  for  his  criticism,  which  I  believe,  was 
not  made  so  much  in  order  to  seriously  condemn 
my  formulae  as  in  a  desire  to  break  the  ice  for 
further  discussion. 

I  thank  the  gentlemen  who  have  taken  part  in 
the  discussion  for  their  keen  interest  and  also  for 
the   mauy   flattering   and   encouraging    remarks. 


April  1910 


Otto  S.  Tonnescn — Stope  Measurements. 
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Our  endeavours,  I  am  confident,  will  bear  the 
desired  fruits  of  improving  and  simplifying  stope 
measuring.  We  seem  already  pretty  well  unani- 
mous in  avoiding  long  tape  lines  in  order  to 
minimise  sag  errors,  and  also  long  offsets  in  order 
to  lessen  the  personal  errors,  and  when  you  now 
get  the  opportunity  of  trying  the  stereometer,  I 
think  we  shall  also  agree,  that  it  will  give  us  the 
best  and  easiest  means  of  obtaining  these  points 
and  keeping  the  errors  within  control. 

Tonnesen's  Stereometer.  —  Construction  and 
Manipulation. — The  instrument  consists  of  two 
main  parts,  the  alidade  or  moveable  part  and  the 
limb  or  immoveable  part.  It  carries  two  large 
brightly  polished  prisms,  the  top  prism  A 
fastened  to  the  alidade  and  turning  with  it,  and 
the  bottom  prism  B  fastened  to  the  limb.  The 
alidade  is  turned  by  the  pivothead  or  "  big- 
motionscrew  "  C  and  the  "  slow  motionscrew  "  D. 
D  can  be  pushed  slightly  to  the  right  and  comes 
then  out  of  action  at  the  same  time  releasing  C. 
The  stereometer  can  be  used  on  a  light  stand  or 
simply  by  hand.  It  is  furnished  with  two  spirit 
levels  E  and  F  for  adjusting  it  to  the  horizontal 
plane.  The  level  E  is  so  placed  that  when  look- 
ing straight  into  the  bottom  prism  its  reflection 
can  be  seen  immediately  above  the  other  bubble 
F.  The  instrument  can  thus  be  horizontally 
adjusted,  and  the  survey  points  bisected  at  one 
glance.  The  plate  surfaces  immediately  over 
and  underlying  the  prisms  are  brightly  polished 
so  as  to  serve  as  view  finders  or  reflectors,  where- 
by an  image  seen  in  one  of  the  reflectors  can  be 
brought  into  view  in  the  corresponding  prism  by 
a  slight  twist  of  the  hand.  This  latest  type  of 
the  stereometer  can  be  read  very  accurately,  the 
smallest  graduation  on  the  micrometer  screw  being 
20  seconds.  Such  fine  observations  are,  of  course, 
only  justified  when  a  stand  is  employed  or  for 
fairly  long  sights,  when  the  utmost  care  and 
accuracy  is  observed  in  centreing  and  bisecting 
and  for  distance  measuring.  For  stope  measuring 
it  is  accurate  enough  to  read  to,  say,  10  minutes. 
J  is  aluminium  plate,  which  is  run  into  slits  in 
the  limb  plate,  and,  when  in  a  position,  it  is 
clamped  by  a  screw.  It  is  for  direct  plotting  of 
angles  and  serves  the  same  purpose  as  the  draw- 
ing paper  on  a  plane  table.  Therefore  the  edge 
of  the  alidade  is  bevelled  to  enable  the  angles  to 
be  struck  off.  The  plate  can  easily  be  detached 
and  replaced  by  a  new  one,  and  a  sufficient 
number  of  these  should  be  kept  in  stock.  When 
finished  with  they  can  easily  be  cleaned,  and  arc 
then  again  ready  for  use.  It  is  sometimes  parti- 
cularly in  stope  measuring  awkward  to  read  the 
angle.  It  should  then  be  drawn  on  the  plate  and 
also  a  number  of  reference.  Even  when  reading, 
it  is  a  safe  plan  to  mark  the  angle  as  well.  It 
takes  very  little  time  and  furnishes  a  most  effect- 


ful  check  on  the  correctness  of  the  readings. 
The  stereometer  is  not  restricted  to  measuring 
horizontal  angles,  but  may  be  used  for  measuring 
the  angle  between  any  points  in  the  space.  The 
plane  of  the  instrument  must  be  held  in  the  plane 
of  the  points  observed. 

The  use  of  the  instrument  is  briefly  as  follows: 
An  angle  betw-een  any  three  points,  "  back-sight  " 
point,  "  set-up  "  point  and  "  fore-sight  "  point, 
may  be  found  by  turning  the  alidade  until  images 
of  the  "  back  "  and  "  foresight  "  points  coincide 
at  the  contact  of  the  two  prisms.  The  angle 
between  the  prisms  is  then  equal  to  half  the 
angle  between  the  points,  but  the  instrument  is 
so  graduated  that  the  correct  angle  is  read 
directly,  1°  of  arc  being  marked  as  2°  and  so  on. 
The  stereometer  should  not  be  handled  too  close 
to  the  eye,  but  some  distance  away,  strained 
observations  being  quite  unnecessary.  The  main 
point  is  to  hold  the  plane  of  the  instrument  in 
the  plane  of  the  three  points  observed,  as  other- 
wise the  points  cannot  bisect  at  the  contact  of 
the  prisms.  Before  taking  an  observation  it  is  a 
good  plan  to  judge  this  plane  as  near  as  possible, 
and  also  to  make  a  rough  guess  of  the  angle,  and 
set  the  alidade  to  it,  so  that  there  is  little  adjust- 
ing necessary  when  taking  the  sight.  The  stereo- 
meter is  generally  held  square  in  front  of  the 
observer,  who  takes  such  position  that  he  has  the 
"  back-sight  "  point  about  "eyes  right.'  If  the 
point  does  not  appear  in  the  bottom  prism  at 
once,  the  instrument  should  be  slightly  turned  in 
the  hand  until  it  appears.  When  observing 
angles  near  to  90°  the  observer  should  move  his 
head  sideways  so  that  it  is  not  reflected  in  the 
prism  at  the  same  time  turning  the  instrument  in 
such  a  way  that  the  "back-sight"  point  travels 
from  "  eyes  right  "  towards  "  eyes  front." 

When  Stope  Measuring.— Stopes  are  measured 
with  the  stereometer  by  radiation  or  the  ordinary 
theodolite  method,  applied  to  the  inclined  plane 
of  the  stope  (see  p.  384,  1909),  by  traversing  and 
offsetting  directly  on  the  inclined  plane  or  by 
combination  of  both  principles. 

Traverse  Method. — This  method  is  tape  triangu- 
lation  extended  in  order  to  avoid  accumulation  of 
errors  and  to  overcome  practical  difficulties 
caused  by  pillars  and  stulls  and  difficult  climbing. 
Winn  using  this  method  two  points  must  be 
known,  one  in  the  top  and  one  in  the  bottom  of 
the  stope.  A  traverse  is  run  between  these  two 
known  points  as  close  to  the  face  as  practicable, 
using  the  one  known  point  as  the  first  back-sight 
and  the  other  as  the  last  fore-sight.  This  traverse 
is  then  plotted  on  a  tracing  paper,  the  two 
extreme  points  of  tin'  traverse  joined  and  adjusted 
on  to  the  two  given  points  on  the  stope  plan  and 
the  intermediate  traverse  points  pricked  through. 
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The  main  framework  thus  obtained,  the  offsets  are 
measured  and  plotted  in  the  usual  way.  The 
theoretical  effect  of  this  method  is  the  same  as  if 
an  ideal  mathematically  straight  line  between  the 
two  known  points  had  been  available,  and  the 
stope  measured  and  plotted  from  same.  I  do  not 
measure  the  angles  at  the  known  points  as  is 
necessary  in  an  ordinary  drive  traverse  (working 
out  from  two  given  points  to  the  unknown).  In 
a  stope  one  is  working  betAveen,  not  from  two 
known  points.  It  is  not  only  a  waste  of  time  to 
measure  the  angles  at  the  known  points,  but  it  is 
also  introducing  errors  caused  by  the  unevenness 
of  dip  at  top  and  bottom  of  stopes  and  exaggerat- 
ing and  accumulating  of  careless  centering.  When 
a  great  number  of  angles  are  observed  they 
should  be  plotted  by  bearings  and  parallel  ruler 
in  order  to  avoid  accumulation  of  protractor 
errors,  the  bearing  being  the  last  angle — 180° 
and  the  new  angle.  Thus  all  the  angle  plotting 
is  done  from  the  same  position  of  the  protractor. 
The  top  and  bottom  pegs  should  always  be  kept 
up-to-date,  traversing  them  in  from  the  old  top 
and  bottom  pegs.  In  a  new  stope,  which  has  not 
yet  reached  the  bottom  level,  the  two  known 
points  would  be  one  in  the  top  of  each  stope. 
The  bottom  angle  in  the  winze  is  often  inaccessible 
for  measurement,  particularly  in  steep  stopes,  and 
can  easily  be  determined  by  intersection  of  the 
two  traverse  lines.  When  the  stopes  are  yet 
very  small  and  good  straight  lines  can  be  run 
through,  giving  well  conditioned  intersections, 
then  the  ordinary  tape  triangulation  can  be  used 
with  good  results,  or  better  still,  the  radiation 
method  with  the  stereometer.  But  as  soon  as 
complications  arise,  long  lines  and  offsets,  bad 
intersections,  pillars  and  stulls,  and  the  old  points 
in  the  stope  become  inaccessible,  then  an  indepen- 
dent traverse  should  be  run  as  above  described, 
from  top  to  bottom  of  the  stope  Some  surveyors 
would  prefer  to  put  in  new  stope  pegs  and 
measure  the  angles  before  the  time  of  stope 
measuring,  while  others  would  measure  the  angles 
when  stope  measuring.  The  survey  lines  should 
not  be  much  longer  than  100  ft.  to  avoid  sag 
errors,  but  on  the  other  hand,  not  too  short  nor 
too  many,  so  as  to  avoid  sudden  change  in  dip, 
which  longer  lines  would  bridge  over.  Although 
an  eccentricity  of  1  in.  even  is  of  small  account 
when  the  surveying  and  plotting  is  done  as  above 
described,  the  centring  of  the  instrument  should 
be  done  with  care. 

When  stope  measuring,  the  instrument  should 
be  held  so  that  its  pivot  point  nearly  touches  the 
point  of  the  plumb  bob.  The  distance  between 
the  pivot  point  and  the  centre  of  the  instrument 
does  not  cause  eccentricity  as  it  projects  right 
angled  on  the  plane  of  the  reef.  The  measure- 
ments of  distances  and  offsets  are    most    conven- 


iently taken  on  the  hanging  wall  or  in  very  wide 
stopes  on  the  footwall. 

To  save  drilling  holes  ,  where  permanent  pegs 
are  not  necessary,  1  have  made  a  patent  pitch 
peg.  It  consists  of  a  piece  of  leather  or  wood  on 
to  which  is  smelted  a  block  of  pitch.  The  pitch  is 
heated  over  a  candle  and  applied  to  the  rock 
with  a  strong  pressure.  The  rock  ought  to  be 
fairly  clean  or  brushed  down  to  make  the  pitch 
stick  well.  These  pegs  can  be  used  over  again 
several  times.  When  taking  the  peg  down  the 
place  should  be  marked  with  tar  or  paint  so  as  to 
know  where  to  find  the  point  if  it  should  be 
required  later  on. 

For  underground  survey  it  is  handy  to  have 
well  defined  and  quickly  fixed  lights  to  sight  to. 
I  have  made  some  very  simple  plummet  candles 
for  this  purpose.  Fig  3  is  for  drive  survey  ; 
Fig.  4  for  measuring,  where  it  is  important  that 
the  light  should  not  be  mixed  with  other  lights 
in  the  stope.  In  wide  stopes,  where  hanging 
cannot  be  reached,  the  pegs  or  marks  in  the 
footwall  are  surveyed  by  reversing  the  plummet 
candle,  hanging  a  weight  on  to  the  hook-end  and 
plumbing  over  the  mark. 

Adjustments. — (1.)  The  reflecting  surfaces  of 
prisms  must  be  perpendicular  to  the  plane  of  the 
bottom  plate.  They  are  adjusted  by  the  makers 
and  not  very  liable  to  be  thrown  out  of  position. 

(2.)  To  determine  index  error  :  Adjust  the 
instrument  to  the  horizontal  plane.  Bring  the 
reflected  image  of  a  plumb-line,  suspended  in 
some  distance,  into  view  in  the  lower  prism,  turn 
the  alidade  until  the  reflected  image  of  the  same 
plumb-line  appears  in  the  top  prism  in  such  a 
position  as  to  be  a  true  unbroken  continuation  of 
the  image  in  the  first  prism.  At  this  position  the 
vernier  should  read  zero,  and  if  it  does  not,  the 
reading  is  the  index  error,  and  a  correction 
should  be  made  to  the  readings.  The  error  may, 
however,  be  corrected  by  adjusting  the  vernier. 
The  correction  is  equal  to  the  error,  and  is,  of 
course,  of  contrary  sign.  If  the  index  stands  on 
the  right  U°,  all  the  instrument  readings  are  too 
small,  hence  the  index  correction  is  positive:  but  if 
it  stands  on  the  lelt  of  0°,  the  readings  arc  too 
large,  and  the  correction  is  negative. 

Other  Applications. — Underground,  the  instru- 
ment is  also  of  great  value  for  rapid  check  of 
drive  survey,  setting  out  of  works  and  rapid 
survey  where  the  setting  up  of  a  theodolite  is 
difficult  or  two  slow.  The  candle  flames  used  for 
sighting  should  then  be  suspended  in  about  the 
same  vertical  distance  from  the  rail.  The  true 
horizontal  plane  can  more  accurately  be  deter- 
mined by  making  the  spirit  levels  play  in. 

The  stereometer  can  lie  used  as  a  rangefinder 
by  measuring  the  angle  between  two  crossbars  on 
a   staff,   the    vertical  distance  between  the   two 
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bars  being  known  and  a  table  made  for  con- 
verting angles  into  corresponding  distances.  For 
this  purpose  the  stereometer  is  made  to  read  as 
close  as  20".  The  stereometer  is  also  provided 
with  a  small  vertical  spirit  level,  and  two  lines 
engraved  in  the  bottom  prism.  It  can  therefore 
with  a  light  stand  be  used  as  a  level  and 
clinometer  When  used  on  the  surface  for  detail 
work  the  stereometer  will  prove  of  great  value. 
The  sighting  points  are  then  survey  rods  held 
vertically.  When  two  rods  are  made  to  coincide 
in  the  two  prisms  as  one  line  without  any  break, 
this  is  mostly  sufficient  indication  that  the 
instrument  is  held  on  the  horizontal  plane. 


A  ROTARY  EXTRACTOR  FOR  PRECIOUS 
METALS  FROM  SOLUTIONS. 


(Bead  at  Deeember  Meeting,   190'.).) 


By  W.  D'Akgy  Lloyd   and    Ehnest   T.  Rand 

(Members). 

REPLY    To    DISCISSION. 

Mr  E.  T.  Rand  (Member):  We  are  sorry 
that  there  has  been  so  little  discussion  on  our 
paper.  Our  one  critic,  Mr.  King,  we  thank  for 
his  remarks,  to  some  of  which  we  shall  attempt 
to  reply. 

Mr.  King  remarks  tliat  he  thinks  the  baffle 
plate  is  carried  too  far  down.  We  do  not  think 
so ;  but  this  is  a  matter  so  easy  of  adjustment 
that  further  comment  upon  it  is  needless. 

Our  critic  does  not  think  it  quite  clear  that 
there  would  be  any  saving  by  using  zinc  clippings 
in  place  of  filiform  zinc  ;  we  can  best  reply  to 
this  by  referring  him  to  a  more  careful  perusal  of 
our  paper,  where  he  will  find  that  the  acid  treat- 
ment is  merely  a  bath,  not  a  total  consumption 
of  the  zinc  subjected  to  it,  as  in  the  case  of  filiform 
zinc.  From  experiment  we  found  that  the  loss  of 
zinc  under  the  conditions  mentioned  in  the  paper 
is  1  8%,  and  approximately  half  or  less  of  the 
zinc  in  the  plant  would  be  subjected  to  this  bath 
but  once  a  month.  If  we  estimate  that  but  25 
of  the  filiform  zinc  in  use  on  the  plant  is  the  con 
sumption  per  month,  twelve  times  the  original 
weight  of  the  zinc  will  have  Keen  consumed  in  four 
\  ear!  .  <  In  the  other  band,  some  of  the  zinc  clip 
pings  though  subjected  to  repeated  acid  baths  and 
though  losing  in  weight  each  time  of  i  miner 
sion,    would    still    be    in    use    alter     [0    years       It 

occurred  to  us  when  considering  that  part  of  the 
criticism   relative   to   the  extraction,  where  com 

parative  figures  are  given,  that  great    prominence    ' 
is  given  to  the  results  of  a  plant  thoroughly   set 


and  well  run.  We  lug  again  to  point  out  in 
extenuation  of  our  slightly  inferior  results  that 
the  best  possible  results  were  not  to  be  expected 
seeing  that  our  experimental  machine  was  a  crude 
one,  and  lacking  in  one  of  its  greatest  essentials 
to  the  very  best  work,  i.e.,  the  settling  tank 
beneath  the  rotor-casing. 

As  regards  initial  cost,  it  is  difficult  to  give 
actual  costs  of  construction  :  but  where  large 
quantities  of  solution  are  to  be  precipitated,  we 
suggest  that  large  units  be  used,  handling  from 
750  to  1,(100  tons  or  even  more  per  24  hours,  and 
built  in  series  with  the  individual  machines 
divided  by  a  longitudinal  division  plate.  Built 
on  this  plan,  we  consider  that  the  cost  of  con- 
struction would  not  exceed  .'35;:  that  of  the  boxes 
required  to  handle  the  same  quantity  of  solution. 
This  extra  initial  cost  is  much  more  than  counter- 
balanced by  the  saving  of  zinc,  acid,  etc.,  and 
most  important  of  all,  the  almost  total  immunity 
from  loss  of  gold  by  theft  and  careless  handling. 
Another  great  advantage  of  the  rotary  extractor 
is  its  adaptability  for  handling  large  quantities  of 
solution  per  unit,  thus  concentrating  the  gold  in 
place  of  having  it  distributed  over  a  large  area, 
as  in  boxes.  One  machine,  7  ft.  in  diameter  and 
18  ft.  long,  would  be  ample  to  precipitate  1,000 
tons  per  day  of  weak  and  slimes  solutions.  We 
may  state  further  that  the  formation  of  that  bug- 
bear, white  precipitate,  we  found  but  small,  when 
experimenting  with  weak  and  slimes  solutions. 
We  concluded  that  this  was  due  to  the  movement 
of  the  rotor.  As  the  tendency  now  is  to  work 
with  very  weak  cyanide  solutions  this  machine 
would  thus  save  the  large  consumption  of  zinc 
due  to  the  formation  of  this  precipitate. 

As  stated  in  our  paper,  the  rotor  in  precipitat- 
ing 225  tons  of  solution  per  24  hours  absorbed 
1  h.p.,  whilst  a  1,000  tons  machine  would  require 
approximately  2.1,  h.p. 

The  meeting  then  closed. 


Notices  and   Abstracts  of  Articles  and 
Papers. 


CHEMISTRY. 

Significance  of  the  Ami.  II  i.  vt  Test  ok  Gun- 
cotton  \\l>  \'l  I  Kim, i. \  i  I  KIM  "This  paper 
attempts  to  explain  the  significance  of  the  results 
obtained  when  the  Abel  heat  test  is  applied  nnder 
standard  conditions  in  purified  ungelatinised  gun- 
nniton,  nitroglycerine,   and   mixtures  of  these,   and 

in    decide,    it    possible,    a nj;    the    various   views 

held    regarding    the   test,  whether  results  obtained 

proceed     ii a    decomposition    <<i    the    explosive 

■  liiriiie  test,  from  a  trace  of  impurity,  or  from 
dissolved  nitric  peroxide.  Methods  were  described 
for  detecting  the  tune  of  the  heal  te  I  indication 
with  the  cen.  enti.it mil  aid  also  with  the  quantity  of 
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nitric  peroxide  required  to  produce  the  tint.  It  was 
shown  that,  knowing  these  constants  and  the  rate  of 
decomposition  of  the  explosive,  its  heat  test  could  be 
calculated.  For  guncotton  the  data  of  Will  connect- 
ing rate  of  decomposition  and  temperature  were 
taken,  and  the  calculated  values  were  in  good  agree- 
ment with  those  observed.  Evidence  was  adduced 
to  show  that  the  presence  of  neither  dissolved  nitric 
peroxide  nor  of  any  adventitious  impurity  was  the 
cause  of  the  reaction.  For  the  decomposition  of 
nitroglycerine  the  data  of  Robertson  were  taken,  and 
the  heat  test  was  calculated  in  the  same  way.  Again, 
a  good  agreement  was  obtained  between  calculated 
and  observed  results,  when  the  nitroglycerine  was  so 
comminuted  on  inert  fibres  (silica  wool)  that  great 
surface  was  exposed.  When  nitroglycerine  was 
tested  in  the  usual  way,  as  a  liquid,  the  test  simply 
was  a  measure  of  the  solution  pressure  of  nitrogen 
peroxide  in  nitroglycerine,  and  this  was  made  up  of 
the  initial  quantity  of  nitric  peroxide  in  solution  and 
the  quantity  liberated  by  decomposition  during  the 
heat  test.  Experiments  were  quoted  showing  that 
nitroglycerine  could  frequently  be  freed  from  some  of 
the  initial  dissolved  nitric  peroxide.  The  views 
advanced  also  threw  light  on  the  heat  test  of  mix- 
tures of  guncotton  and  nitroglycerine  ('pastes'),  the 
low  heat  test  of  which  was.  due  to  comminution  of 
nitroglycerine  on  the  fibres  of  guncotton.  They 
showed  that  the  subject  must  be  looked  at  from  a 
quantitative  point  of  view,  and  that  the  question 
of  exposed  surface  of  explosive  under  test  was  all 
important.  The  methods  developed  were  applicable 
for  studying  other  indicators,  and  afforded  a  more 
solid  foundation  for  choice  than  empirical  compari- 
sons."— R.  Robertson  and  B.  J.  Smart,  Journal  of 
the  Society  of  Chemical  Industry,  Feb.  15.  —  Times 
Engineering  Supplement,  Jan.  26,  1910.     (J.  A.  W.) 


Light  Reactions  at  Low  Temperatures.— "In 
a  recent  evening  discourse  at  the  Royal  Institution 
Sir  James  Dewar  showed  some  experiments  to  prove 
that  chemical  action  is  not  entirely  in  abeyance  at 
very  low  temperatures.  Henri  Moissan,  he  said, 
had  held  this  view,  and  was  justified  when  it  was 
found  that  fluorine  reacted  violently  witli  liquid 
hydrogen  at  a  temperature  of  20°  abs.  He  himself 
had  found  that  ozone  was  formed  when  ultra-violet 
radiation  was  passed  into  liquid  air ;  and  when 
oxygen  solidified  in  liquid  hydrogen  was  exposed  to 
ultra-violet  light,  the  solid  oxygen,  after  the  hydro- 
gen had  evaporated,  also  contained  ozone.  Such 
experiments  indicated  that  chemical  action  did  take 
place  at  low  temperatures,  since  the  transformation 
of  oxygen  into  ozone  involved  the  absorption  of 
energy,  and  thus  there  was  a  low  temperature 
chemistry  which  required  to  be  worked  out.  In  the 
course  of  the  lecture  a  number  of  experiments  were 
performed  to  illustrate  the  fact  that  various  bodies, 
especially  such  as  were  of  an  albuminous  character, 
which  were  not  phosphorescent  at  ordinary  tempera- 
tures, phosphoresced  brightly  when  cooled  in  liquid 
air  and  exposed  to  ultra-violet  light.  Again,  it  was 
shown  that  ordinary  phosphorescent  bodies,  such  as 
sulphide  of  calcium,  could  absorb  light-energy  at  low 
temperatures,  though  they  did  not  exhibit  luminosity 
until  they  had  been  warmed  up  to  normal  tempera- 
tures. Illustrations  were  also  given  of  the  destruc- 
tive effects  of  ultra-violet  radiations  at  low  tempera- 
tures on  the  luminosity  of  living  organisms  such  as 
Bacillus  phosphorescent,  which  was  essentially  con- 
nected with  their  vital  activities."  —  Sir  James 
Dewar. — Times  Engineering  Supplement,  Jan.  26, 
1910.     (J.  A.  W.) 


METALLURGY. 

The  Computation  of  Crushing  Efficiency 
of  Fine  Grinding  Machines.— "Having  exhaust- 
ed all  his  arguments,  the  author  charges  engineers  of 
the  Rand  as  follows  : 

'  Considering  the  very  poor  efficiency  of  tube 

mills,  their  high  cost  price   and   high   working 

costs,  a  doubt  may  be  allowed  that  many  leading 

engineers  have  in  their  fancy  for  this  mill  so  much 

in  fashion  on  the  Rand,  exceeded  the  economical 

limit,  at  least  in  regard  to  new  plants.' 

This  does  not  really  concern   the   writer,    but,    in 

view  of  the  fact  that  twelve  months  have  passed  since 

it  was  sent  out  into  the  world,  and  seeing  that   no 

one  rose  to  contradict  it,  something  should  be  done 

to  dispel  any  doubt  in  the  minds  of  our  friends  abroad. 

It  was  only  the  other  day  that  Mr.  W.  F.  Wilkinson 

spoke  at  a  meeting  of  the  Institution  of  Mining  and 

Metallurgy,  London,   expressing   doubt   about    the 

wisdom  of  installing  so  many  tube  mills. 

When  the  paper,  now  under  discussion,  was  written, 
it  was  generally  considered  a  fair  but  by  no  means  an 
ample  allowance  to  provide  one  tube  mill  for  every 
50  to  75  stamps,  depending  on  their  weight,  the 
underlying  idea  being  that  this  combination  could  at 
that  time  reduce  the  ore  from  2  in.  cubes  to  the  fine- 
ness required  for  satisfactory  extraction  with  the 
least  expenditure.  It  was  then  thought,  and  this 
still  holds  good,  that  the  final  pulp  entering  the 
cyanide  plant  should  not  contain  more  than  5%  of 
+  60  and  possibly  over  75%  of -90.  This  vas  12 
months  ago.  To-day,  owing  to  a  considerable  amount 
of  further  experience,  the  proportion  of  stamps  to 
tube  mills  has  been  considerably  modified,  and,  I 
trust,  Mr.  Stadler  will  not  be  horrified,  it  is  consider- 
ed that  the  right  allowance  of  tube  mills  provides  for 
one  tube  mill  for  every  15  to  20  stamps. 

I  shall  endeavour  to  justify  this  by  giving  the 
result  of  a  test  carried  out  during  last  month  at  the 
Simmer  Deep,  Ltd.,  at  the  suggestion  of  Mr. 
Caldecott,  following  closely  upon  tests  carried  out 
some  time  ago  on  behalf  of  the  Mines  Trials  Com- 
mittee at  the  Simmer  East,  Ltd.  Not  being  in  the 
the  confidence  of  that  august  body,  I  cannot  give  you 
the  result  then  obtained  : — 

Coarse  crushing  experiment  at  the  Simmer  Deep,  Ltd., 
21st    November,    1909. 

Number  of  Stamps     ...   —   75. 
Actual  weight  of  stamps  — 
Number  of  drops        ...   = 
Actual  height  of  drop      = 

Order  of  drop      = 

Screen    = 

Diameter  of  wire      = 

Aperture      — 

Discharge  area    ...   = 

Ore  crushed = 

Running  time      = 

Duty  per  Stamp = 

Ratio  of  water  to  ore       = 
Grading  of  pulp  leaving 
battery  : — 

Percen  tage  of  +  60        = 

-60  +  90  = 

-90 

Number  of  tube  mills      = 

Size  of  tube  mills       ...    = 

Speed  of  tube  mills    ...   = 

Grading  of  pulp  entering  cy 

Percentage  of +  60  ...   = 

-60  +  90= 

-90  ...   = 


1,640  lbs.  each. 

100. 

8£in. 

1,  3,  5,  2,  4. 

30  mesh  per  sq.  in. 

0-0482  in. 

0-1348  in. 

54-75% 

1,240  tons. 

23*75  hours. 

16-71  tons  per  24  hours. 

5  5  to  1. 


57-2% 
12-7% 
301% 
4. 

22ft.  x  5|ft.  dia.  of  shell 
30  rev.  per  min. 
anide  works  : 

^        4-7% 
:     21-4% 

:   73-9% 
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Tonnage  of  (  -  90)  pro- 
duced per  tube  mill 
per  24  hours     =  137'2tons. 

Tonnage  of  (  -  90)  pro- 
duced per  stamp  per 
24  hours       =     5 -03  tons. 

Tute  mill  equivalent  to 
137' 


5  03 


=     27  stamps. 


It  appears  from  the  result  of  the  above  tests  that 
75  stamps +  4  tube  mills  crushed  ore  at  the  rate  of 
1,240x24        „  „     , 

.,.,.-- —  =1,253  tons  per  24  hours. 

Ordinarily  this  plant  is  run  with  75  stamps  to  one 
tube  mill,  and  the  amount  of  ore  crushed  to  give  a 
similar  grading  in  the  pulp  entering  the  cyanide 
plant  is  at  the  rate  of  8  2  tons  per  stamp  per  day  or 
615  tons  for  75  stamps. 

The  cost  of  installing  the  75  stamps  was  approxi- 
mately £2t,000,  and  after  deducting  £6,000*  for  ore 
bin,  etc.,  £18,000,  and  that  of  the  4  tube  mills  was 
approximately  £12,000.  We  have  therefore,  in  the 
first  case  the  fact  that  for  a  capital  outlay  of 
£30,000  we  could  handle  1,253  tons  per  day,  or,  to 
put  it  in  another  way,  in  order  to  crush  one  ton  per 
Hay  we  had  to  spend  about  €23  18s.  in  capital  outlay. 
In    the    second      case      the     capital      outlay     was 

£12,000 
£18,000+  =£21,000  to  crush  615  tons  per 

day,  or  £34  2s.  per  ton  per  day. 

The  interest  on  the  capital  can  be  taken  at  7%,  to 
which  must  be  added  3%  -()r  redemption  during  the 
life  of  the  mine.  This  on  £30,000  amounts  to  £3,000 
per  annum,  £250  per  month,  and  say  £8  6s.  8d.  per 
day,  or  to  15'9d.  per  ton  in  the  first  case  and  to227d. 
per  ton  in  the  second  case. 

To  this  must  be  added  the  charges  for  power, 
store",  maintenance,  labour,  water,  light,  etc.  With 
regard  to  power,  each  stamp  takes  4"2  B.H.P.  at  the 
tin  «t  or,  and  cadi  tube  mill  10015.  H.P.  on  the  same  basis. 
Therefore  i  he  stamp  battery,  i.e.  ,75  stamps,  in  both 
cases  takes  Hlo  B.H.P.  and  the  tube  mills  400  B.H.P. 
and  loo  B.H.P.  respectively.  As  both  plants  have 
the  same  load  factor,  the  cost  of  power  per  K.W. 
hoiir  is  identical,  and  amounts  to  about  *52d.  per 
Kill*,  hour.  Hence  the  cost  of  power  per  day  in 
the  first  case  is  715  24  x  -52  =  8,923  2d.,  or  712d.  per 
ton  :  and  in  the  second  case  415  x  24  x  \V2  =  5,179-2(1. 
per  day,  <>r  8*42d.  per  ton. 

The  charges  for  labour,  stores,  maintenance,  water, 
light,  etc.,  can  be  taken  from  the  monthly  state- 
ments, and  these  are  for  the  battery  £30  for  75 
stamps  per  day  and  £8  6s    8d.  per  tube  mill  per  day. 

In  the  lirst  case  these  would  total  £30  t  £33  6s.   8d. 


=  £63  6s.  s,|.  per  day  or  l5>200     L213d. 

1  J  1,253 

and  in  the  second  case  £30  +  £8  6s.  8d.  =  £38  6s.  8d. 


per    ton 


9,200 
per  day,  or-^- 


1  1'9 Id.  per  ton. 


The  figures  obtained  are  summarised  in  the  follow- 
ing table  :  — 

Working  costs  on  the  Hand  do  not  usually  allow 
for  interest  and  redemption  of  capital  invested,  but 
in  the  table  line  l  represents  the  total  charges,  while 
line  .">  gives  what  is  usually  called  working  costs. 

However,  since  the  money  for  building  a  plant  must 
be  obtained,  and  has  to  be  paid  for,  the  capital 
charges  should  in  every  case  be  taken  into  account. 
This  I  have  done,  and  the  result  is  that  by  providing 
one  tube  mill  for  eveiy  17  stamps  as   compared    with 

•  This  e(i,(XX)  is  reallj  more  than  the  amount   due  to  the  ore 
bin,  and  the  result  is  thus  favourable  to  the  stamp  mill. 


Case. 


Type  of  Plant 


Capital  \  Total 
Outlay /per  ton  per 

day 


(1)  Interest  and  Re- 

demption  per 
ton     

(2)  Power    @   -52d. 

B.H.P. -hour  per 
ton     

(3)  Labour,    Stores, 

etc. ,  per  ton    . . . 


(4)  Total  of  1,  2&  3 

(5)  Total  of  2  &  3... 


75  Stamps 
of  1,6401b. 
and  4  tube 

mills. 


£30,000 

£23  18s. 


15  -90d. 

7T2d. 
1213d. 


35T5d. 
19  25d. 


II. 


75  Stamps 
of], 6401b. 

and  1  tube 
mill. 

£21,000* 

£34  2s. 


22-7d. 

8-42d. 
1491.1. 


46  03d. 
23 -33d. 


Differ- 
ence in 
favour 
of  I. 


307. 
30*/o 


299% 

15-57 

18  67„ 
23-770 
17-57. 


one  tube  mill  for  75  stamps,  a  saving  on  capital 
account  of  307o  can  be  made,  while  the  saving  on  the 
sum  of  capital  charges  and  working  costs  amount-  to 
23-77„-  Working  costs,  as  usually  understood,  will 
be  reduced  by  17'570- 

For  the  benefit  of  those  not  familiar  with  Rand 
conditions,  it  should  be  stated  that  a  final  pulp  con- 
taining not  more  than  5  /.  of  +60  and  not  less  than 
7570  of  -90  is  quite  satisfactory  from  the  extraction 
point  of  view,  although  in  some  plants  the  final  pulp 
lias  to  be  reduced  to,  say,  only  2  /  of  -•-  60  in  order  to 
get  the  best  results.  Naturally,  in  such  a  case  the 
tube  mill  allowance  must  be  further  increased,  thus 
confirming  the  above  remarks. 

I  now  leave  it  to  Mr.  Stadler  to  reconcile  the 
figures  with  his  statement  that  '  tube  mills  arc  very 
poor  machines.''  This  may  be  true  from  a  '  mechan- 
ical' point  of  view,  but  nevertheless  the  fact  remains 
that  they  do  a  portion  of  our  work,  and,  as  I  have 
shown,  a  considerable  portion  of  it,  which,  as  far  as 
we  know,  we  cannot  get  done  for  the  same  expendi- 
ture by  any  other  machine.  A  machine,  or  a  method 
of  working,  may  be  intrinsically  very  inefficient,  and 
still  it  is  retained.  Why?  Anyone  can  supply  the 
reply.  Shall  I  have  to  remind  you  of  the  very  poor 
thermal  efficiency  of  our  steam  plants  '/  How  many 
percent,  of  the  energy  stored  in  the  coal  do  we  Lret 
.it  t  lie  end  of  our  mill  line  shaft-,  or  by  the  way  of 
compressed  air  down  in  our  mines?  I  should  say- 
in      and  .">       respectively. 

The  author  might  have  made  a  few  qualifying 
remarks  for  his  statement  alluded  to,  and  thus  have 
Baved  one  the  trouble  of  writing  for  the  purpose  of 
defending  the  engineers  on  the  Rand.     I  trust  1  have 

sure led  in  showing  that  it  is  nol   fashion   but   dire 

necessity  which  compels  the  use  of  tube  mills  on  these 
fields."— C.  O.  Sen. mitt.  Journal  oj  th>-  S.  A. 
Association  of  Engineers.     |W.  1!.  I>.) 

*  When  considering  the  capital  cost  of  case  1 1,  it  should  be 
mentioned  that  tiie  final  pulp  obtained  is  not  reallj  equal  i"  thai 
obtained  in  case  I.,  and  in  order  to  equalise  matters,  an  allowance  for 
1}  tube  mill  should  be  made,  adding  about  £1,500,  which  would  lie  in 

i  i\..iir  .J  casi  I 
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Wet  Assay  of  Tin  Ores.—"  The  wet  assaying 
of  tin  ores  is  just  now  in  an  interesting  stage  of 
development,  recalling  that  of  the  wet  assay  of 
copper  ores  of  twenty  or  thirty  years  ago.  Wet 
methods  are  being  used  ;  those  in  control  of  mines 
are  gaining  experience  of  them,  ami  their  judgment, 
from  which  there  is  no  appeal,  will  depend  on  results 
rather  than  arguments. 

In  the  first  place  I  venture  to  predict  that  the  sale 
of  dressed  tin  ore  by  wet  assay  will  be  subject  to  the 
control  of  at  least  two  methods  agreeing  in  their 
results.  This  opinion  probably  rests  on  the  analogy 
of  copper  ores,  which  may  be  bought  and  sold  on  the 
results  of  either  the  '  iodide  '  or  the  '  electrolytic  " 
assay.  Again,  the  ore  will  be  finely  pulverised  ; 
there  will  be  no  talk  of  80-mesh  sieves,  except  for  the 
purpose  of  grading.  The  necessity  for  this  fineness, 
just  as  with  telluride  gold  ores,  arises  from  the  needs 
of  good  sampling.  Of  the  volumetric  methods,  two, 
namely,  the  titrations  with  permanganate  and  with 
bichromate  of  potash,  are  precluded  because  they 
demand  solutions  free  from  iron,  and  iron  is  every- 
where. There  remain  the  well-known  titrations  with 
ferric  chloride  and  with  iodine.  These  should  survive 
as  mutually  confirmatory  operations.  But  the  iodine 
method  will  have  the  wider  field  of  usefulness  because 
the  use  of  ferric  chloride  demands  assay  liquors  free 
from  colour  and  turbidity,  and  the  iodine  does  not. 

Using  a  volumetric  method  for  tin,  the  assayer 
should  recognise,  without  attaching  over  much 
importance  to  it,  a  quarter  of  a  milligramme  of  tin. 
With  a  half-gramme  charge  of  ore  this  quantity 
represents  about  one  pound  of  tin  per  ton  ;  conse- 
quently, when  pounds  of  tin  per  ton  are  reported,  a 
larger  charge,  say,  two  or  three  grammes,  must  be 
used.  The  assay-liquor  in  any  case  must  contain  the 
tin  as  stannous  chloride  in  a  fairly  acid  solution  ;  such 
liquors  must  be  protected  from  atmospheric  oxygen 
as  also  from  that  dissolved  in  the  water  and  reagents. 
The  tin  in  the  treated  ore  may  be  got  into  solution 
directly  as  stannous  chloride  ready  for  titration,  or 
it  may  be  got  as  stannic  chloride  from  which  stan- 
nous chloride  may  be  prepared  by  a  subsequent 
treatment  Other  things  being  equal,  it  is  obvious 
that  the  direct  method  is  more  advantageous. 

In  the  direct  method  it  is  necessary  to  reduce  the 
cassiterite  in  the  ore  to  metallic  tin  and  to  dissolve 
the  metal  in  hydrochloric  acid.  The  difficulty  in 
reducing  finely  pulverised  cassiterite  to  metallic  tin 
does  not  depend  on  any  difficulty  in  selecting  a  suit- 
able reducing  agent.  Heated  coal  gas  will  do  it 
slowly  ;  magnesium  vapour  acts  with  almost  explo- 
sive speed  ;  and  zinc  vapour  with  an  intermediate 
rapidity.  But  each  fails  in  most  cases  to  bring  the 
whole  of  the  tin  into  a  form  soluble  in  hydrochloric 
acid.  Even  litharge  heated  in  coal-gas  can  show  a 
similarly  incomplete  reduction.  My  method  is  to 
mix  the  tin  ore  with  zinc  oxide,  magnesia,  or  lime 
before  treating  with  the  reducing  agent.  This  pre- 
vents fritting  or  fusion  during  the  heating  and  yields 
a  mass  that  breaks  down  completely  when  treated 
liberally  with  hydrochloric  acid  ;  with  insufficient 
acid  it  yields  a  clot  of  hydra  ted  silica,  but  this  is 
easily  avoided.  My  preference  is  for  zinc  vapour  and 
zinc  oxide,  but  clearly  these  are  not  essential  to  the 
process.  One  could  mix  the  ore  with  magnesia  and 
reduce  in  coal-gas,  then  dissolve  in  hydrochloric  acid, 
and  titrate  with  ferric  chloride.  This  would  be 
essentially  the  same  method,  though  not  as  I  prefer  to 
work  it.  When  zinc  vapour  is  used  as  a  reducing 
agent,  the  tin  exists  in  the  mass  as  an  alloy  with 
zinc  and  so  dissolves  in  the  acid  more  quickly  than 


if  it  existed  as  small  tin  buttons.  With  dressed  tin 
ores  the  solution  is  clear  and  evidently  complete  ; 
but  with  two  or  three  gramme  charges  of  slime  or 
tailing  the  liquor  is  more  than  a  little  turbid  with 
silica  and  other  material.  This  barely  interferes 
with  the  ease  of  the  titration  when  iodine  is  used, 
and  it  is  hard  to  believe  that  anyone  will  exert  him- 
self much  to  remove  the  turbidity.  It  may  be 
urged  that  such  turbidity  obscures  the  evidence 
of  the  complete  solution  of  the  tin  and  so  destroys 
security :  but  there  are  other  grounds  for  con- 
fidence, and  resting  on  these  I  anticipate  that  a 
large  proportion  of  the  samples  will  be  assayed  by 
such  a  direct  method. 

There  are  some  ores  and  products  from  the  dre-w- 
ing-rloors  that  are  unsuitable  ;  some  of  these  will 
demand  a  preliminary  cleaning  in  acid  ;  but  others 
may  yield  to  an  attack  by  chlorine,  supplementing 
the  action  of  the  hydrochloric  acid.  In  this  case  the 
liquor  will  contain  stannic  chloride  and  the  method 
becomes  what  I  am  calling  an  indirect  one. 

The  tin  of  the  ore  can  be  got  in  solution  as  stannic 
chloride  by  first  reducing  to  metal  and  then  dissolv- 
ing in  hydrochloric  acid  and  chlorine  as  just  indicated. 
Or  it  can  be  effected  by  Mr.  Richard  Pearce's  method 
in  which  the  ore  is  fused  with  caustic  soda  or  potash 
or  with  sodium  peroxide  in  a  nickel  or  iron  dish, 
ladle,  or  crucible :  to  be  followed  by  the  solution  of 
the  fused  mass  in  an  excess  of  hydrochloric  acid. 
This  has  the  advantage  of  getting  everything,  quartz 
and  all,  into  solution,  and  the  disadvantage  of  being 
available  only  for  rather  small  charges  of  say  half  a 
gramme  or  thereabouts.  The  preparation  of  stannous 
chloride  from  the  stannic  chloride  liquors  can  be  done 
by  the  old  method  of  precipitating  tin  as  a  metallic 
sponge  on  zinc  and  then  dissolving  it  in  hydrochloric 
acid.  But  by  using  iron  (as  recommended  by  Mr. 
Pearce)  or  nickel  (as  I  recommend)  instead  of  the 
more  active  zinc,  the  reduction  stops  at  the  stage  of 
stannous  chloride  and  the  liquor  is  reach'  for  titra- 
tion ;  here  again  the  advantage  lies  with  the  more 
direct  method.  The  nickel  imparts  a  green  colour  to 
the  liquor  that  is  fatal  for  the  ferric  chloride  titration, 
but  does  no  harm  to  the  determination  by  iodine.  The 
longer  method  with  formation  of  stannic  chloride  and 
subsequent  reduction  by  nickel  is  the  easier  to  teach 
to  beginners,  and  is  the  one  described  in  my  text  book 
on  assaying.  But  the  direct  method  presents  no 
special  difficulty.  The  changes  in  the  instructions 
are  as  follows  :  The  mass,  cooled,  after  treatment 
with  zinc  vapour,  is  placed  in  an  8-oz.  fiask,  and  the 
crucible  and  cover  are  cleaned  by  immersion  in  60  c.c. 
of  hydrochloric  acid.  The  acid  is  next  poured  all  at 
once  into  the  rlask,  which  should  then  for  safety's 
sake  be  connected  with  a  Kipp  to  collect  the  evolved 
hydrogen.  When  the  action  lias  slackened,  the  acid 
is  heated  to  boiling  ;  the  boiling  is  continued  for  five 
minutes  and  the  acid  vapours  are  led  into  a  WoulfFs 
bottle,  which  serves  as  a  condenser.  The  hydrogen 
in  the  Kipp  is  burnt.  At  the  end  of  five  minutes, 
boiling  water  is  poured  into  the  rlask.  without  re- 
moving the  burner,  until  the  bulk  is  about  150  c.c. 
A  nickel  coil  is  then  introduced,  just  as  in  the  longer 
method,  and  the  boiling  is  continued  for  five  minutes. 
The  rest  of  the  work — cooling  in  carbonic  acid  and 
titrating  with  iodine — remains  unaltered. 

That  any  particular  ore  is  suitable  for  the  direct 
treatment  is  easily  determined.  For  example,  a 
charge  from  the  middle  product  from  a  Buss  table  of 
224  gm.  by  the  direct  method  gave  a  result  of  14o 
lb.  Two  charges  of  2-8  and  1"4  gm.  by  the  longer 
method  gave  14'6  and  147  lb.  respectively.     Another 
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charge  of  14  gm.,  cleaned  with  acid  and  then  treated 
by  the  longer  method  gave  1*4 -7  lb."     J.  J.  Beri 
—Mining  Magazine,  Nov.,  1909,  p.  231.     (J.  A.  W.) 
MIX  INC 

Methods  of  Deep  Lead  Mining  "The  two 
principal  methods  are  by  shafts- and  by  adits,  after 
t  he  dept  li  of  t  he  lead  from  t  h"  surface  and  its  position 
in  tin;  let-.'  of  tiic  company  have  been  ascertained  by 
one  or  several  series  of  bores  to  bed-rock.  This  deter- 
mination of  the  position  and  gradienl  of  the  lead  is 
essential,  preparatory  to  the  fixing  of  the  site  of  the 
shaft  or  adit,  the  sinking  of  the  shaft,  and  the  mak- 
ing of  the  adit  and  drives.  The  neglect  in  carrying 
out  such  preliminary  and  obviously  necessary  work 
has  led  to  the  almost  criminal  waste  of  hundi 
thousands  of  pounds  <>f  capital  in  the  State. 

The  initial  work  of  defining  the  courses  of  the  leads 
and  their  depths  from  the  surface  is  of  ten  very  costly, 
owing  to  the  thick  superincumbent  layers  of  hard 
basalt  or  the  running  character  of  saturated  sands. 
In  many  of  the  southern  and  central  northern  fields, 
such  as  in  the  Pitfield,  Durham,  Loddon,  and 
Campaspe  systems,  the  cost  ranges  from  9s.  to  15s. 
per  foot;  but  in  many  other  districts,  such  as  at 
Chiltern  and  Rutherglen,  the  cost  varies  from  Is.  6<l. 
to  3s.  per  foot;  for  the  strata  overlying  the  leads 
consist  of  (day.  sand  and  gravel,  which  are  easily  and 
quickly  bored  through. 

The  mining  operations  following  the  sinking  of  the 
shaft  are  usually  carried  out  according  to  either  the 
Chiltern  or  Ballarat  system.  The  work  of  shaft 
sinking  and  commencing  a  main  reef  bottom  level  is 
practically  the  same  on  all  the  fields,  thecosl  varying 
with  the  densitj  rata    being  sunk  through; 

but  the  subsequent  mining  methods  in  the  Chiltern 
district  differ  considerably  from  those  employed  in 
Ballarat,  Maryborough,  and  Creswick  mines.  In  the 
Chiltern  system  on  completing  the  sinking  of  the 
shaft,  two  chambers  are  cut  in  the  bed -rock  one  at 
from  4ti  to  0i»  ft.,  the  other  within  a  few  feet  of  the 
bottom  of  the  shaft.  The  bottom  level  or  '  vrr\ 
drive  '  is  extended  from  the  lower  chamber  to  a  point 
under  t  he  centre  of  the  lead,  where  drainage  bores, 
extending  well  up  into  the  wash  and  drift,  are  made, 
and  pumping  is  continued  until  a  block  of  ground  is 
sufficiently  unwatered  to  safely  allow  the  extension 
into  the  wash  of  the  upper  level  or  'leading  wash 
drive.'  From  the  upper  chamber  a  drive  or  level  is 
made  at  such  a  depth  that,  allowing  for  a  slight 
gradient  (usually  from  1  to  4  ins.  to  LOO  ft.)  it  will 
intersecl     the    lead    at    the   deepest,    part  where    it    is 

intended  to  commence  work.  This,  on  reaching  the 
wash,  becomes  the  'le  idingwash  (or  pilot)  drivi 
then  follow-  the  course  of  t  he  lead.  From  the  'lead- 
ing wash  drive'  cross  drives  at  righl  angles  and  at 
intervals  of  100  to  300  ft.  are  extended  on  each  -ide 
until  '  high  reef  (the  bank  of  the  lead)  is  reached. 
Thus  the  dual  purpose  is  served  of  cutting  oft' any 
remaining  water  from  the  ground  through  which  the 
leading  wash  drive  is  made  and  of  proving  the  direc- 
tion or  the  lead.  Near  the  chambers  at  the  main 
shaft  a  vertical  chute  and  'pass  by'  (ladderway) 
connecting  the  leading  wash  drive  and  reef  drive,  are 
made.  Similarly  all  chutes  subsequently  completed 
in  the  mine  rise  from  the  reef  drive  into  bhe  leading 
wash  drive,  and  not  as  in  bhe  Ballarat  method     into 

olid  and    times  only   partially  drained   gi 

This  eliminates  all  risk  of  a  burst  of  water  or  drift 
w  hen  the  chute  rises  into  the  auriferous  stratum,  and, 
by  providing  dry  ground,  cheapens  the  work  and 
reduces  i  he  discomfort  and  risk  of  t  he  miner. 

A-  the  face  workings  are  extended,  a  timber  drive 
and  return  (upcast )  air  course  i-  made  in  solid  ground. 


It  is  on  the  same  level  as  the  leading  wash  drive  and 
generally  parallel  with  but  away  from  the  lead. 
This  lead- to  an  upcast  compartment  in  the  main 
shaft  or  to  a  timber  shaft,  some  thousand-  of  feet 
away,  up  or  down  the  lead.  The  cross  drives  pre- 
viously referred  bo  are  holed  through,  win 
ary,  to  the  air  and  timber  drive,  providing  good  ven- 
tilat  ion  and  means  of  escape  in  the  event  of  the  main 
shaft    being    lost    Or    the     mine     Hooded.        They    also 

allow  of  t  he  t  ransporl  of  a  maximum  quantity  of  dirt 
to  the  main  shaft  by  keeping  the  bottom  level 
entirely  (dear  of  timber  truck-.  The  reason  for  hav- 
ing the  air  and  timber  drive  in  the  si  did  bed-rock  is 
for  better  security,  as  the  ground  crushes  down  on  the 
worked  out  port  ion  of  t  he  lead.  At  some  of  I  he  mines 
in  the  Chiltern  district  the  long  timber  and  air  drive 
is  replaced  by  I  wo  or  three  shorter  drives,   each 

with  separate  shafts.  This  allows  the  send- 
ing of  timber  to  the  various  working  faces  up  and 
down  the  lead,  without  having  to  truck  it  from  the 
main  shaft  along  the  bottom  level,  laboriously  haul 
it  up  a  short  or  Walance  shaft,  and  then  along  the 
wa«h  drive  to  the  faces.  Between  the  cross  drives 
and  at  righl  angles  to  them,  'blocking  drives'  are 
made  at  every  46  ft.  This  allows  20  ft.  of  -round  to 
each  opposite  blocking  party  after  deducting 6  ft.  for 
t  he  width  of  the  drive.  About  2  ft.  of  wash  dirt  and 
from  12  to  IS  in-,  of  I  he  '  reef  hot  torn  '  i  bed-rock  |  are 
usually  taken  out.  the  whole  width  of  the  lead  being 
worked  evenly  across  in  one  face.  No  wash  din  is 
d  to  lie  stowed  away  in  t  lie  old  workings.  The 
rives  are  subsequently  nearly  under  and  in  the 
same  direction  as  the  leading  wash  drives,  the  faces 
of  which  aie  always  kepi  for  some  ."nil  Id  400  ft. 
to  pilot,  as  previously  explained,  the  course 
of  tie'  reef  drive. 

Mr.  John  Cock,  of  Chiltern,  to  whom  the  credit  of 
this  system  must  he  given,  ha-  proved  that  under 
very  favourable  conditions  the  proportion  of  ground, 
relative  to  the  whole  lead  workings,  taken  out  in 
driving,  and  which,  for  economic  mining,  should  be 
as  low  as  possible,  is  about  20  .  The  average  at 
< 'hiltern  is  from  25  to  30     . 

In  the  Ballarat  system,  assuming  that  some  pre- 
liminary data,  by  surface  boring  have  been  obtained, 
the- shaft  is  sunk  to  the  necessary  depth.  Near  the 
bottom  a  chamber  or  plat  is  cut,  ami  the  reef  drive 
extended  in  the  supposed  direct  ion  of  the  lead.  I  line- 
al frequent  intervals  are  put  up  into  the  alluvial  strata 
(some!  iines  from  small  chambers  or  recesses  cut  in 
bhe  side  of  the  drive)  to  drain  the  ground  and  pros- 
pect for  the  gutter,  which,  however,  occasionally 
bakes  a  different  course  from  that  anticipated  and 
results  in  a  waste  of  driving  that  might  have  been 
avoided  had  the  sinuosities  of  the  lead  been  properly 
iiined  by  surface  boring.. 

When  the  flow  of  water  from  the  drainage  bore3 
has  been  sufficiently  reduced  an  intermediate  drive 
above  the  reef  drive  i-  made,  from  which  rises  arc 
put  up  into  the  wa-h.  which  is  then  opened  out  hy 
wash  drive-  In  a  number  of  mines  the  intermediate 
drive  commences  from  a  balauce  shaft  near  the  face 
of  the  bottom  drive,  and  form-  the  only  passa 
exist  from  bhe  wash  workings  to  the  reef  drive  and 
shaft  a  more  or  le--  dangerous  system  of  opening 
out  au  alluvial  mine,  more  especially  in  anj  district 
w  here  bin  -t-  of  water  occur. 

ranch  drives   o;i'  the  intermediate  drives  ore 
extended  in  various  d    i  and  rises  are  made, 

the  wash  is  prospecbed,  ami  all  areas  considered 
payable  are  cut  up  into  irregular  blocks,  many  of 
which  are,  however,  subsequently  left  as  unprofitable 
to  mine.     The  following  method,  known  as  panelling, 
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is  adopted  when  taking  out  the  wash  dirt.  Com- 
mencing along  the  one  edge  of  a  block  of  ground,  a 
low  drive  6  ft.  wide  and  high  enough  to  include  tlie 
auriferous  stratum  and  sufficient  of  the  bottom  (bed- 
rock) ii  made  at  right  angles  to  the  wash  drive,  the 
back  or  roof  being  secured  by  panelling  laths  sup- 
ported at  the  ends  by  short  light  props  placet!  close 
together  and  always  kept  well  up  to  the  face  as  the 
wash  dirt  is  taken  out.  On  reaching  the  limit  of 
the  panel,  usually  about  16  ft.  in  length,  the  miner 
returns  to  the  wash  drive  and  commences  another 
strip  or  panel  along  the  edge  of  the  block,  repeating 
the  process  until  the  whole  of  the  wash  dirt-in  the 
block  has  been  removed. 

Some  controversy  has  occurred  as  to  which  is  the 
better  system — the  blocking  out  in  a  face  across  the 
whole  width  of  the  lead,  as  is  done  at  Chiltern,  or  the 
panelling  as  at  Ballarat. 

In  the  writer's  opinion  each  method  has  much  to 
recommend  it,  and  each  is  suitable  for  a  different 
class  of  ground.  The  difference  between  the  two 
systems  of  mining  really  lies  in  the  method  of  devel- 
oping the  wash  dirt  workings.  In  the  Chiltern 
system  the  wash  dirt  faces  are  always  ahead  of  the 
reef  drive,  and  no  intermediate  drive  is  required,  the 
leading  wash  drive  or  the  air  and  timber  course 
taking  its  place.  In  the  Ballarat  system  either  the 
reef  drive  or  the  intermediate  drive  is  ahead  of  the 
wash  workings,  and  the  position  of  each  depends 
upon  the  assumption  of  the  manager  or  directors  re- 
garding the  course  of  the  lead  ahead  of  the  mine 
workings.  There  are  usually  some  data,  of  the  nature 
of  surface  bores,  to  assist  in  arriving  at  a  decision, 
but  too  frequently,  the  supposed  course  of  the  lead 
differs  widely  from  its  actual  position,  and  the  mine 
is  therefore  handicapped  by  the  burden  of  unnecess- 
ary dead  work."— STANLEY  Hunter,  Memoir  No. 
7,  Geological  Survey  of  Victoria. — London  Mining 
Journal.'— Oct.  16,  '09,  p.  77.     (A.   R.) 


New  Method  of  Gold  Mining. — "  In  fullil- 
ment  of  a  long-projected  idea,  it  is  announced  that 
on  Modder  B  the  workings  are  to  be  planned  on  some- 
what the  same  system  as  generally  adopted  in  coal 
mines.  The  shaft  is  to  be  placed  in  the  centre  of  the 
property,  and  levels  driven  along  the  reef  to  the 
boundaries  of  the  property,  with  a  view  of  establish- 
ing its  lie  and  value.  It  is  proposed  to  drive  the 
permanent  levels  in  the  solid  so  as  to  be  independent 
of  any  \  ariations  in  the  reef,  and  enable  them  to  be 
driven  straight  to  obtain  the  best  and  cheapest 
method  of  haulage.  The  main  levels  are  to  be  laid 
with  30  lb.  track  and  30  in  gauge,  the  trucks  to  carry 
one  ton.  These  trucks  will  be  tipped  into  a  bin  at 
the  shaft,  capable  of  containing  over  500  tons  of  ore. 
From  these  levels  will  run  rises  a  thousand  feet  apart 
to  the  outcrop,  from  which  again  levels  will  be 
driven,  as  in  coal  mining,  to  convey  the  ore  to  the 
inclines  rising  from  the  permanent  levels.  The 
advantages  claimed  for  this  system  of  working  are 
simplicity  and  cheapness,  whilst  the  ventilation  of 
the  workings  ought  to  be  simolicity  itself.  The 
handling  of  the  ore  ought  to  be  reduced  to  a  minimum. 
The  success  of  the  method  will,  however,  altogether 
depend  upon  the  details  of  mining  followed." — London 
Mining  Journal.— Nov.  '20,  '09,  p.  285.     (A.   R.) 


Cost  of  Mining  in  Chile.—"  At  the  September 
meeting  of  the  American  Institute  of  Mining 
Engineers,  William  Braden  gave  a  short  account  of 
the  conditions  of  labour  and  the  cost  of  mining  in 
Chile,  drawn  from  his  experience  in  connection  with 
the  Braden  copper  mines.     It  is  usually   supposed 


that  Spanish- American  workmen  are  inferior  to  those 
in  the  United  States,  but  Mr.  Braden  finds  that,  with 
proper  tieatment  and  organisation,  labour  in  Chile 
yields  as  much  man  for  man,  and  more  dollar  for 
dollar,  than  in  the  Western  United  States.  The  first 
necessity  for  the  mine  manager  is  to  organise  a  staff 
capable  by  precept  and  practice  of  teaching  the  native 
the  details  of  their  work  and  of  encouraging  sobriety, 
decency,  and  self-respect.  The  customs  of  the 
country  must  not  be  overridden  rough-shod,  but  only 
altered  gradually  when  they  happen  to  interfere 
with  efficiency.  Comfortable  quarters  and  other 
uplifting  elements  of  life  should  be  provided.  That 
Mr.  Braden's  policy  has  yielded  excellent  results 
may  be  seen  from  his  figures  relating  to  costs.  To 
understand  them  fully  it  is  desirable  to  know  some- 
thing of  the  mine  and  the  method  of  working.  The 
deposit  is  a  zone  of  fractured  diorite  having  a  hanging 
wall  of  brecciated  tuff,  which  has  a  dip  of  65°.  The 
mine  is  quite  dry,  and  the  only  timbering  required 
is  for  the  framing  of  the  ore-chutes.  The  system  of 
mining  is  one  of  overhead  mining  in  a  series  of 
transverse  stopes,  the  intervening  pillars  to  be 
extracted  subsequently  by  caving.  The  ore  is 
moderately  hard.  Air-drills  are  used  wherever 
possible,  and  are  intelligently  handled  by  the  Chilean 
miners.  In  fact,  before  long,  hand-drilling  will  cease. 
Bower  for  haulage  and  other  purposes  is  supplied  by 
electric  current  generated  by  Doble  water-wheels. 
The  ore  is  sent  to  the  mill,  2,900  yards  distant  and 
600  yards  lower,  by  an  aerial  ropeway.  Mr.  Braden 
quotes  the  operating  report  for  November,  1908. 
Upon  the  basis  of  7,304  tons  extracted  and  milled 
the  cost  was  5s.  6d.  per  ton.  The  air-drills  (2f  in.) 
operated  164  man-days  of  9  hours  each  and  drilled 
5,082  ft.  at  a  cost  of  Id.  per  foot.  By  hand- work 
13,855  ft.  was  drilled  in  1,008  man-days  at  a  cost  of 
4d.  per  foot.  More  than  one-half  of  the  labour  was 
performed  by  contract,  and  in  the  stopes  the  contracts 
were  let  on  the  basis  of  the  number  of  feet  of  hole 
drilled.  Including  all  labour,  12  tons  of  ore  were 
broken  per  man-day.  Development  was  in  the  nature 
of  drifts,  cross  cuts,  and  raises,  with  an  average 
section  of  5  4  sq.  yd,  and  the  cost  of  labour,  supplies, 
explosive",  shovelling,  and  tramming  was  14s.  8d. 
per  linear  foot,  or  2s.  6d.  per  cu.  yd.  The  amount 
of  development  was  379  linear  ft.,  with  876f  man- 
days,  making  13  ft.  per  month  per  man.  An  example 
may  be  given  :  a  main  adit  with  a  section  of  7J  sq. 
yd.  was  driven  132A  ft.  in  30  days  ;  the  contract 
price  was  13s.  per  ft  ,  exclusive  of  drill-sharpening 
and  repairs." — Mining  Magazine,  Nov.,  1909,  p.  245. 
(A.  R.) 

Mine  Fires. — "  A  novel  type  of  temporary  barrier 
in  case  of  mine  fires  is  in  use  in  Saarbruecken,  in 
Rhenish  Prussia  (according  to  Bergbau),  for  the  isola- 
tion of  the  affected  part.  The  material  used  is  com- 
pressed hay  in  blocks,  and  when  the  passage  lias  been 
closed  up  with  these  the  interstices  are  tilled  with 
loose  hay  and  the  structure  is  then  saturated  with 
water.  This  causes  the  hay  to  swell  greatly  and  by 
thus  preventing  the  access  of  any  air  gives  quickly 
and  easily  the  first  condition  necessary  for  getting 
the  tii e  under  control.  The  material  is  very  light 
and  two  men  could  easily  close  up  any  ordinary 
entry  by  its  means  in  half  an  hour,  using  in  the  pre- 
sence of  overpowering  gases  and  smoke  a  helmet  to 
enable  them  to  breathe  while  erecting  the  partition. 
If  necessary  a  more  permanent  wall  can  be  built 
behind  the  hay  shield.  This  method  has  been  tried 
and  found  highly  successful." — Mining  Magazine. — 
Nov.  1909,  p.  242.     (A.  R.) 
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Reviews  and  New  Books. 


(We  shall  be  pleased  to  review  any  Scientific  or  Tech- 
nical Work  sent  to  ns  for  that  purpose.) 


The  Metallurgy  of  the  Common  Metals.  By 
L.  S.  AUSTIN.  2nd  Edition.  Large  8vo.  494 
pages.  (San  Francisco:  Mining  and  Scientific 
Press.     London:     Mining  Magazine.)     $4. 

Tins  can  be  commended  as  a  very  useful  and,  on 
the  whole,  up-to-date  textbook,  though  the  descrip- 
tion of  South  African  practice  in  gold  cyaniding  is 
rather  behind  the  times.  It  deals  chiefly,  however, 
with  modern  American  practice  in  the  metallurgy  of 
gold,  silver,  iron,  copper,  lead  and  zinc,  and  in  a 
sufficiently  exhaustive  manner,  except  in  the  case  of 
iron,  which  only  receives  about  twenty  pages,  sice] 
being  barely  touched  upon. 

The  scope  is  somewhat  broader  than  the  title 
would  indicate,  and  there  are  excellent  sections  on 
general  metallurgy  (dealing  with  thermochemistry, 
fuels,  refractory  materials,  sampling,  etc.),  plant  and 
equipment,  and  commercial  considerations. 

It  is  written  in  very  clear  and  concise  style,  and 
very  little  space  or  time  is  devoted  to  obsolete  pro- 
cesses, which,  combined  with  the  thin  paper  used, 
has  resulted  in  a  surprising  amount  of  information, 
much  of  which  was  formerly  only  to  be  found  after 
lengthy  searching  through  technical  periodicals, 
becoming  available  in  comparatively  small  compass. 
Tins  is,  perhaps,  particularly  noticeable  in  the 
chapter  on  roasting,  in  which,  besides  full  descrip- 
tions of  modern  methods,  including  pot-roasting,  lull 
details  of  outputs  and  costs  are  given  so  that  a  very 
fair  idea  of  the  relative  performances  of  the  furnaces 
described  can  be  arrived  at.  In  fact,  this  attention 
to  the  commercial  ami  practical  side  of  the  subject  is 
most  pronounced  all  through  the  book,  though  with 
out  in  the  least  obscuring  the  presentation  of  the 
theoretical  part  or  principles  underlying  the  practice. 

The  illustrations,  nearly  '200  in  number,  are 
extremely  well  done,  and,  in  short,  the  book  is  a 
very  creditable  production,  and  can  be  confidently 
recommended  for  the  perusal  both  of  students  and 
those  in  practical  life.     (G.  H.  S.) 


The  Chemistry  of  Cyanide  Solutions  Result- 
ing from  thk  Treatment  of  Ores.  (Second 
Editon).  By  J.  E.  CLENNELL.  New  York; 
McGraw  Hill  Book  Co.     pp.  202.     Net  10s.  (id. 

"  In  this  second  edition  of  this  book  the  text  lias 
been  revised  and  enlarged.  The  author  gives  a  short 
description  of  well  known  methods,  with  discussions 
where  necessary.  Modifications  of  existing  methods 
are  described.  In  addition  to  reliable  laboratory 
methods,  some  rough  tests  are  given,  that  suffice  for 
daily  control  of  routine  operations.  As  a  thorough 
understanding  of  the  composition  of  the  cyanide 
solution  is  important  in  the  efficient  control  of  cyan 
iding  operations,  a  knowledge  of  the  methods  given 
in  ibis  book  should  be  of  value  to  managers  and 
chemists  in  charge  of  cyanide  mills."  —  The  Mining 
World.—  Feb.  26,  1910,  p.  475.     (W   A.  C.) 

Anglin,  S.  The  Design  of  Structures.  A  practical 
treatise  on  the  building  of  Bridges,  Roofs,  etc.  5th 
Edition.      Revised.       Cr.  8vo,  pp.  536.      C.  Griffin. 

His. 

Foster,  Sir  Clement  Le  Neve.  A  Treatise  on  Ore 
and  Stone  Mining.  7th  Edition.  Revised.  s\o. 
pp.  832.     C.  Griffin.     Net  28s. 


Marine  Oil  Engine  Handbook,  The.  Cr.  8vo,  pp. 
132.     E.  J.  Larhy.     Net  Is. 

Savoia,  H.  Metallography  applied  to  Siderurgic 
Products.     12mo.     Span.     Net  4s.  6d. 

Warren,  William  Henry.  Engineering  Construc- 
tion in  steel  and  Timber.  8vo.  Lona mans.  Net 
18s. 


Abstracts    of   Patent    Applications. 

(C.)  43/10.  John  Lowther.  Improvements  relating 
to  bearers  for  mine  shafts.  10.2. 10. 
This  refers  to  the  use  of  an  "  T  "  beam  girder  as  a 
shaft  bearer.  The  "  I"  beam  being  cut  in  two  and 
bolted  together  between  lish  plates  after  being  put 
into  place.  The  claim  is  for  any  metallic  beam  in 
halves  to  be  rigidly  joined  together. 

(C.)     2.5/10.     (Jeorg   Scbwabacb.      Improvements   in 

regulating  devices  for  gas  and  the  like  supply 

plants.     28.1.10. 

This  refers  to  means  of  regulating  the  discharge  of 

gases  where  one  stream  of  gas  issuing  from  a  nozzle 

drives   the  other  stream  of  gas  in   the   form  of  an 

ejector.     The  claims  are  the  means  of  adjusting  the 

two  streams  relatively  to  each  other  by  the  insertion 

of  a  movable  body  whose  shape  makes  the  adjustment 

automatic  for  each  setting. 

(C.)      2/10.      George    Boulton    Brown   Elliott.      An 
improved  grating  for  mills  for  pulverising  quartz 
and  similar  material.      4. 1. 10. 
This  refers  to  a  form  of  grating  or  discharge  screen 
for  crushing  mills  operating  on  the  centrifugal  prin- 
ciple.   The  claims  are  that  the  screen  does  not  choke 
as  most  others  do. 

(('.)    513/09.     Claude   Albermarle  Bettington.     Im- 
provements in  and  relating  to  apparatus  for  pul- 
verising  coal  and  other  materials.      12.  1  1. 0!l. 
This   patent    consists  of  a   revolving    beater    for 
pulverising  coal  and  mixing  it  with  air  or  gas   with 
the  outlet  formed  so  as  to  throw  t  he  crashed  material 
vertically  downward  into  a  classifier,  the  oversize  of 
the  classifier  returning  to  the  crusher  and  the  under- 
size  going  on  to  be  consumed. 

(('.)    217/0!!.     John  Hudson  Hughes.    Improvements 

in  the  operation  of  the  stamps  of  stamp  batteries. 

L.5.09. 

This    refers    to    means    claiming    to    increase    the 

rotation  of  ordinary  gravity  Btamps  and  thus  assist 

ing  their  crushing  action     The    means    employed 

consist  of  inserting  a  roller  between  the  cam  and  the 
tappet,  the  roller  being  supported  by  a  flexible  or 
hinged  arm  to  keep  it  in  position. 

(('.)    274/09.     William  Cullen  (1),  Gilbert  Frederick 
Ayera  (2).     Method  of  precipitating  zinc  from 
solutions.     8  6.09. 
The    above    application    describes    a    method    of 
recovering  zinc  a-  zinc  hydrate  from  solutions  of  zinc 
sulphate,  as  produced  in  the   acid    treatment    of  zinc 
gold  slime,  by  admixture  with  finely  divided  magne- 
sium hydrate. 

(C.)    318/09.     J.Oliver.   Improvements  in  the  lining 

of  tube  mills  and  the  like.     7. 7. nit. 

This  application  relates  to  improvements  in  tube 

mill    liners,  which    consists  of   employing    "  radially 

disposed   pipes   arranged   in    abutting    longitudinal 

lows."      These    pipes    ale    CUt     into    short     lengths    of 

5  in. ,  forming  a  lioney-comb  series  of  recesses  which 
are  intended  to  retain  a  portion  of  the  mill  charge 
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and  form  a  surface  upon  which  the  remainder  of  the 
charge  moves  when  the  mill  is  rotated.    .  „ 
(C.)  '"  8  10.      Arthur   Eilert   Drucker.    Continuous 
slimes  vacuum  filter.     7.1.10.  %_ 

Tliis  application  relates  to  an  improved  form  of 
vacuum  slime  filter,  of  the  tailing  wheel  type.  This 
filter  has  the  "  leaves"  arranged  tangentifHy  on  the 
periphery  of  the  wheel,  with  the  usual  jajpium  and 
compressed   air  connections   In   the    wheel    hub.      It 

operates  in  connection  \\  it  h  a  hopper  bottoi 1  tank, 

lifting  mil  a  c  rtain  amount  oi  slimes  with  each 
revolution.  Wash  water  is  added  at  the  highest 
point  of  elevation  and  the  wash  cake  discharged  just 
before  entering  the  supply  tank. 

\ 


Selected  Transvaal  Patent  Applications. 

Kelating  to  Chemistry,  Metallurgy  and 
Mixing. 

Compiled  by  C.  H.  M.  Kisch,  F.M. Chart. Inst. P.A. 
(London),  Johannesburg  (Member). 

(N.B. — In  this  list  (P)  means  provisional  specifica- 
tion, and  (C)  complete  specification.  The  number 
given  is  that  of  the  specification,  the  name  that  of  the 
applicant,  and  the  date  that  of  filing. ) 

(C.)  128/10.  Stephen  Benko.  Improvement-  in 
or  relating  to  galvanic  elements.     24.3.10. 

(P.)  130/10.  Henry  .lames  Shedloek  Heather. 
A  means  of  facilitating  the  control  of  induction 
motors  of  the  slip-ring  or  equivalent   type.     26.3.10. 

(P.)  132/10.  Henry  .lames  Shedloek  Heather. 
An  improved  method  of  controlling  the  starting  and 
retarding  of  induction  motors  of  the  slip-ring  or 
equivalent  type.     29.3. 10. 

(C.)  133/10.  August  Brandes.  Improvements 
In  an  relating  to  the  treatment  of  liquids.     29.3.10. 

(C.)  134/10.  Alfred  John  Cotton.  Means  for 
utilising  the  engines  of  motor  cars  for  imparting 
power  for  useful  purposes.     29.3.10. 

(P.)  137/10.  Elisha  Tippett.  Improvements  re- 
lating to  hammer  drills  for  removing  the  detritus 
or  cuttings  from  the  bore  hole.     30.3.10. 

(P.)  138/10.  Peter  Arthur  Walsh.  Improvements 
in  linings  for  tube  mills.     31.3.10. 

(C.I     139/10.     Carl  Neff  (1),   August  Brande 
Improvements  relating  to  the  prevention  in  incrusta- 
tion in  steam  boilers  and  the  like-     31.3.10. 

(P.)  140/10.  Edward  George  Clifford-Jones. 
Improvements  in  accelerating  devices  for  gravity 
stamps.     1.4.  In. 

141/10.  Francois  Dallen'agne  (1),  Henri 
Dallenagne  (2).  Improvements  in  ore  concentrating 
and  separating  apparatus.     1.4.10. 

(C.)     L42/10.     Quin tin  Moore  (1),  James  Cunning- 
ham   (2),    dames'  William     Bradbeer     Stoke 
Improved  process  and  apparatus   for  the   production 
of  gas  from  bituminous  fuel  in  gi  1.4.10. 

C.)     143/10.     Quintin  Mi  James  Cunning- 

ham    (2),     dames    William     Bradbeer     Stokes 
Improved  process  and  apparatus  for  the  production  of 
recoverable  ammonia  in  the  manufacture  of  producer 
gas      1  4  in. 

(P.)  144/10.  Benjamin  Donkin  Johnson  (1), 
Charles  Edwin  Marson  (2).  Improvements  in  means 
for  handling  and  transporting  cable  drums  and  the 
like.     -2.4.10. 


(C)  145/10.  Thomas  .Tames  Francis  (1),  Ryland 
Stainslaus  Louis  (2).  Improvements  in  or  relating 
to  expanding  pulleys.     2.4  10. 

146/10.  <>tto  Schonherr  (1),  Johannes 
Hessberger  (2).  Improvements  in  and  means  for  the 
production  of  long  continuous  electric  arcs.     2.4.10. 

(P.)  147  10.  Reuben  Jones.  Improved  means 
for  the  connection  of  cutters,  or  Kits,  of  rock  drills 
with  their  drill  liars  or  shanks.     2.  t.  10. 

(P.)     Its  in.     l'eretz  Mani (1).  Benerd  Certoon 

(2).  Improvements   in  means  for  checking  runaway 
skips  and  the  like.      2.4.  111. 

14!)  in.  Robert  Rosenthal.  Device  for 
automatic  closing  and  opening  of  gates  at  railway 
level  crossings.      2.4.10. 

(P.)  150/10.  Wilfred  Brereton  Crof ton.  Improve- 
ments relating  to  road  vehicles.     4.4.10. 

(P.  I  151  In.  Edward  Harrison.  Improvements 
in  dump  forming  apparatus.     4.4. 10. 


Changes  of  Addresses. 

Members  and  Associates  are  requested  to  notify  the 
Secretary  immediately  of  ami  change  in  address, 
otherwise  it  is  impossible  to  guarantee  the  delivery  oj 
Journals  or  Notices.  The  Seen  tary  shoidd  in-  notified 
ofnon  Journals  and  Notices  at  once. 


Allan,   J.    P...    l/o    Brixton:     Maraisburg    Hotel, 

Maraisburg. 
Barrett,  S.  S.,  l/o  Eureka:  P.  <  >.  Box87,  Barberton. 
Blvth,  W.  P>..   l/o  Day   Dawn  ;    \  ivian  Gold    Mine. 

Harris,  via  Lawlers,  W.  Australia. 
BORIGHT,   S.    II..    l/o  Springs:   Lonely    Reef  <i.     M. 

Co.,  Ltd.,  Private  Bag,  Invati,  Rhodesia. 
CARRUTHERS,  .1..  /'/  89,  High  Street.  Brixton. 
COOKK.    R.    C.     II.,    to    Salisbury    Club,     Salisbury, 

Rhodesia. 
Douglass,     Ross    E.,    !"   Nevada.    U.S.A.;    c/o 

Braden   Copper   Co..    Rancaguo,    Chile.    South 

America. 
Dunning,  F.  G.,  2/o-Germiston  :  Gwelo,  Rhodesia. 
Francis,   W.,   l/o   Penhalonga;    Union  G.   M.   Co., 

Ltd..  Macequece,  Portuguese  Last  Africa. 
Halford,  d.    E.,  l/o  Randfontein;  P.  O.  Box  2286, 

Johannesburg. 
HOMERSHAM,   I.  Randfontein  ;  19,  Clevedon 

Mansions.  Lissenden  Gardens,  Highgate,  London 

X.  W. 
MACFARLANE,   T.    M.    M..    /  o    London:    Apartado 

1913,  Mexico.  D.F. 
Mannheim,  II.  ('..  to  P.  O.  Box  155,  Bulawayo. 
Pinckvos,    F..    l/o   Sumatra;    11.    Eimsbuttlerstr. , 

Hamburg,  ( termany. 
Reyersbach,  L.  J.,  l/o  Johannesburg;  c/o  Messrs. 

Wernher,  licit  &  Co.,  1,  London  Wall  Buildings, 

London.   E.C. 
RICHARDSON,      A.,     /  o     Cleveland:     Anglo-French 

Exploration  Co.,  Ltd.,  P.  < ».  Box  3133,  Johannes- 
burg. 
ROCHE,   H.    F.,   l/o   Johannesburg;  Salisbury  Club, 

mry,  Rhodesia. 
ROGERS,   N.,  /  o  Cleveland  :  Brakpan   Mines,   Ltd., 

P.  o.  Pox  3,  Brakpan. 
Schaap,    M..   to  Geldenhuis  Deep,  Ltd.,  P.  0.  Box 

54,  I  'leveland. 

Wagner,  P.  A.,  l/o  Johannesburg ;  c/o  South- West 
Africa  Co.,  Grootfontein  Nord,  German  South 
\Ves1  Africa. 

Wisdom,  G.  E.,  to  Dun  Proprietary  Mines, Selukwe, 

Rhodesia. 
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Proceeding's 

AT 

Ordinary  General  Meeting, 
May   21,   1910. 


The  Ordinary  General  Meeting  of  the  Society 
was  held  in  the  Lecture  Theatre  of  the  Trans- 
vaal University  College,  on  Saturday  evening, 
May  21st,  Mr.  A.  McArthur  Johnston  (President) 
in  the  chair.      There  were  also  present :  — 

50  Members  :  Dr.  J.  Moir,  Messrs.  F.  F. 
Alexander,  E.  H.  Croghan,  K.  L.  Graham,  G.  O. 
Smart,  Prof.  G.  H.  Stanley,  A.  Whitby,  H.  A. 
White,  Prof.  J.  A.  Wilkinson,  J.  Littlejohn, 
A.  F.  Crosse,  E.  H.  Johnson,  A.  C.  Adams,  S. 
Beaton,  B.  V.  Blundun,  W.  A.  Coles,  M.  H. 
Coombe,  W.  M.  Coulter,  T.  Donaldson,  C.  E. 
Hall,  W.  L.  Hamilton,  C.  B.  Hilliard,  J.  H. 
Johnson.  J.  Lea,  G.  Melvill,  P.  T.  Morrisby,  W. 
Nicklin,  F.  B.  Ogle,  E.  A.  Osterloh,  E.  Pain, 
J.  F.  Pyles,  G.  A.  Robertson,  O.  D.  Ross,  A. 
Salkinson,  A.  H.  Scarf,  W.  Sharp,  B.  C  Solly, 
S.  H.  Steels,  W.  A.  C.  Tayler,  A.  Thomas,  J.  B. 
Thurlow,  C.  Toombs,  J.  F.  Walker,  J.  P.  Wind, 
I-:.  M.  Weston,  A.  Wilkinson,  W.  O.  Williams. 
L.  J.  Wilmoth  and  P.  H.  M.  Whyte. 

12  Associates  and  Students:  Messrs.  A.  P. 
Adams,  E.  A.  Barry,  E.  Brennan,  C.  E.  Deakin, 
W.  J.  R.  Hunter,  A.  King,  G.  Musson,  N.  N. 
Newland,  S.  H.  Olivier,  H.  G.  Roake,  H.  Stadler, 
and  W.  Webb. 

13  Visitors,  and  Fred.  Rowland,  Secretary. 
The  minutes  of  the  previous  monthly  meeting, 

as   printed    in    the    April     Journal,     were    con- 
firmed. 

NEW    MEMBERS. 

Messrs.  E.  H.  Croghan  and  O.  Melvill  were 
appointed  scrutineers,  and  after  their  scrutiny 
of  the  ballot  papers,  the  President  announced 
that  all  the  candidates  for  membership  had  been 
unanimously  elected,  as  follows  : — 

Bluett,  Herbert  Alfred  Newton,  M.M.  Siman, 
Lebong  Tandai,  Benkoelen,  Sumatra.     Assayer. 


Chambers,  Alexander  Edmund,  P.  O.  Box  29, 

Maraisburg.     Cyanider. 
Fuller,    John    Patrick,    M.M.    Siman,    Lebong 

Tandi,  Benkoelen,  Sumatra.     Mining  Engineer. 
Gifford,    Henry  John-,    Champion    Reefs   P.   0., 

Mysore  State  South  India.      Mining  Engineer. 
Holtby,    Alfred    Charles,     I*.    0.    Box    4336, 

Johannesburg.     Consulting  Electrical  Engineer. 
Margerison,    Samuel    Burton,    Telok    Betong, 

South  Sumatra.     Mining  Engineer. 
Robertson,  George  Anderson,  Post  Office,  New 

Primrose,  Germiston.     Amalgamator. 

The  Secretary:  Since  th?  last  meeting  of 
the  Society  the  following  have  been  admitted  by 
the  Council: — 

As  Associate. — 
Minsch,  Walter  Cornelius,  Telluride,  Colorado, 
U.S.A.     Mining  Engineer. 
As  Student. — 

Olivier,  Salomon  Hercules,  Durban  R lepoorl 

Deep,  Ltd.,  P.  O.  Box  110,  Roodepoort,  Cyanide 
Learner. 

The  President:  Before  beginning  the  general 
business  of  the  meeting  1  would  like  you,  as 
members  of  the  Society,  to  express  your  regret 
at  the  loss  which  the  Empire  has  sustained  b\ 
the  death  of  King  Edward  VII.,  and  also  your 
sympathy  towards  the  King,  the  Queen,  the 
Queen  Mother  and  all  the  members  of  the  loyal 
Family. 

The  members  all  rose  to  their  feet  in  silent 
acquiescence. 

General  Business. 

Till:    A.NNU  LL    li  W.l.oT. 

The  President  :  The  next  business  is  the 
election  of  scrutineers  for  the  annual  ballot  for 
President,  Vice-Presidents,  Honorary  Treasurer, 
and  Members  of  Council,  to  take  place  at  the 
next  meeting  of  the  Society. 

The  following  gentlemen  were  elected  : — 
Messrs.    K.  stokes,  T.  T.   NTiehol,  S.   Newton, 
A.  D.  Viney,  A.  Thomas  and  \V.  A.  C.  Tayler. 


TEST    FOB    i ■  i: i  SSH      \<  n>. 
A.    Whitby    {Member   of  Council) 


IVlr.    A.    Whitby    {Memb 
have   a    lew    remarks    to    make  on   Dr.   Moir's  test 
for  prussic  acid.      If  there   is  one   thing   1   avoid 
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more  than  another,  it  is  the  construction  of 
chemical  equations.  It  appears  to  me,  however, 
that  Dr.  Moir  has  placed  an  equation  before  us 
which  is  not  strictly  accurate.  Bearing  well  in 
mind  that  Dr.  Moir  is  gifted  with  a  powerful 
vein  of  sarcasm,  I  feel  that  I  am,  in  a  measure, 
inviting  an  exercise  of  that  same  vein  in  ventur- 
ing to  dispute  his  equations. 

You  will  remember  that  the  original  equation 
put  upon  the  board  by  Dr.  Moir  did  not  balance, 
and  that  H202  formed  the  basis  of  his  "claim.  I 
observe  that  he  has  modified  his  empiricism  in 
the  Journal,  and  now  only  claims  oxygen  as  the 
product  of  reaction.  It  is  therefore  evident  that 
Dr.  Moir  is  himself  a  little  uncertain  about  his 
chemical  equations,  which  fact  somewhat  encour- 
ages me  to  proceed  with  mine. 

CuA?  +  2HCN  =  CuCN  +  2HA  +  CN 
This  empiricism,  however,  might  be  modified  thus 

CuA2  +  3HCy  =  HCuCy.,  +  2HA  +  CN 
The  acid  HCuCy2,  according  to  Dr.  Moir  himself, 
is  very  unstable  and  breaks  up  in  this  manner, 
HCuCy2  =  CuCy  +  HCy 

But  there  is  yet  another  equation 

6HCy  +  3CuA7  =  3CuCy0  +  6  HA 

3CuCy2  =  [Cu2Cy2CuCy2]  +  Cy2 

This  substance  is  mentioned  in  the   text   books, 

and  Comey  gives  two  others  which  are  hydrated 

compounds. 

These  equations  therefore  seem  to  show  that 
cyanogen,  and  not  oxygen,  is  the  gas  product, 
but  in  corroboration  of  ray  statement  I  am  pleased 
to  be  able  to  call  Dr.  Moir  himself  to  witness  to 
the  point. 

On  p.  211  of  the  Journal  of  December  last  he 
makes  the  statement  that  when  CuS04  is  added 
to  cyanide  solution  we  get 

"  CuS04  +  3KCy  =  KCuCy,  +  K2S04  +  CN. 
In   presence  of  acid  we  get  CuCy  precipitated 
as,  for  example, 

KCuCy2  +  HA  =  CuCy  +  KA  +  HCy." 

Now,  I  am  not  denying  the  value  of  his  test 
by  any  means.  It  appears  quite  possible  that 
cyanogen  thus  liberated  might  attack  the  hydro- 
gen, say,  in  a  hydroxyl  radicle  of  an  organic 
compound,  thus  liberating  oxygen,  but  here  I 
must  confess  I  am  at  fault,  and  must  allow  Dr. 
Moir  scope  in  his  particular  sphere  of  organic 
chemistry  to  thrash  out  this  side  of  the  subject. 

Dr.  J.  Moir  {Vice-President):  I  am  obliged 
to  Mr.  Whitby  for  having  brought  forward  these 
equations,  for  it  is  just  as  well  that  these  dis- 
puted points  should  be  properly  discussed.  The 
main  answer  is,  I  think,  that  it  is  quibbling 
about  terminology.  Mr.  Whitby  is  mistaken  in 
supposing  I  wrote  a  wrong  equation  on  the 
■board  last  month.     What  I  wrote  was  : 

CuA2  +  HCN  +  H20  =  CuCN  +  2HA  +  |H202, 


which  is  essentially  what  appeared  in  the  Journal 
except  that  I  then  broke  down  H902  into 
H20  +  0.  My  personal  belief  is  (1)  that  Mr. 
Whitby's  first  equation  represents  what  happens 
in  strong  acid  solutions  ;  (2)  the  equation  quoted 
from  the  December  Journal  is  what  happens  in 
strong  alkaline  solutions  ;  and  (3)  the  equation 
given  in  this  reply  represents  what  happens  when 
the  cyanide  is  very  small  in  comparison  with  the 
copper.  I  consider  the  equation  I  published  in 
the  Journal  is  the  simplest  one,  but  I  am  quite 
willing  to  accept  any  of  the  other  equations. 
The  main  point  is  that  when  a  cupric  salt  becomes 
cuprous,  anything  else  oxidisable  will  become 
oxidised. 


GRADING  ANALYSES  AND  THEIR 
APPLICATION. 


By  H.  Stadler  (Associate). 


The  universal  tendency  of  modern  metallurgical 
practice  towards  fine  grinding  made  the  desira- 
bility of  introducing  and  adopting  a  uniform 
system  of  series  of  standard  screens  for  com- 
parative purposes  strongly  felt,  and  after  labori- 
ous and  careful  investigation  a  standard  table  of 
laboratory  screens  has  been  established  and 
adopted  by  the  Institution  of  Mining  and  Metal- 
lurgy. 

Although  fully  appreciating  the  merits  of  the 
work  achieved  and  the  consideration.",  and  prin- 
ciples which  have  guided  the  I.M.M.  in  establish- 
ing and  adopting  the  present  table  of  standard 
laboratory  screens,  I  have  found  it  necessary  to 
establish  a  slightly  different  ratio,  and  to  extend  the 
classification,  in  order  to  more  exactly  secure  a 
grading  which  is  equivalent  to  a  successive  reduc- 
tion by  one  half  of  the  volume  (or  weight)  of  the 
particles,  or,  if  only  the  alternate  grades  are 
taken,  of  a  reduction  by  1:4.  As  however,  the 
sizes  of  this  grading  scale  are  in  agreement  with, 
or  very  close  to,  certain  of  the  I.M.M.  standards; 
I  have  shown  in  the  attached  table  the  nearest 
corresponding  standards  of  laboratory  mesh. 

The  following  notes  will  show  how  the  varying 
proportions  of  certain  standard  sizes  of  particles 
may  be  valued  in  units  of  energy  (E.U.),  which 
will  allow  of  an  exact  expression  of  the  efficiency 
of  the  crushing  operation  for  purposes  of  useful 
comparison. 

I. — Grading  Analyses. 

Mines    Trials  Committee  (3I.T.C.)  Grades. — 

1.  The  most  rational  and  logical  system  of 
classification  into  grades,  is  undoubtedly  to  base  it 
on  the  reduction  of  the  volume  (or  weight)  of  the 
particles,  especially  for  mining  purposes,  as 
the  assay-values  are  given  with  reference  to  this 
unit. 


TABLE  A. 

STANDARD    TIRADES    AND    SCREENS. 

Mines  Trials  Committee— (M.T.C  I 

STANDARD  GRADES. 
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2.  By  reducing  the  cube  of  the  unit  succes- 
sively by  one-half  of  its  volume  and  assuming 
these  fractures  to  be  again  of  cubical  shape,  each 
size  of  this  series  of  theoretical  cubes  obtained, 
represents  a  grade  of  a  reduction  scale  of  the 
ratio  2. 

3.  If  to  each  of  these  grades  an  ordinal  number 
be  given,  beginning   with   0  as  representing  the 


Number  of   pieces         p 
produced  from  Unit 


x  .8  - 

3  So 


Sides  of  cubes 
(mesh-apertures) 


s  = 


Volume  of   cubes 
(or  weight) 


Area  of  fracture 
with  reference  to  Unit 


F  = 


Ordinal     or 
number 


energy     N 
of     grades 


unit  of  1  in.  cube;  the  following  formulae  deter- 
mine the  values  of  the  data  for  the  series  of 
theoretical  cubes. 

4.  By  taking  the  sides  of  this  series  of  cubes, 
as  clear  mesh  apertures  of  a  set  of  screens,  it  is 
admissable  to  assume  that  the  functions  of  the 
irregularly-shaped  average  particles,   determined 

Table  B. 

Relations  between  values  of  the  data  for 

SERIES    OF    THEORETICAL    CUBES 

Obtained  by  Successive  Reduction  of  Cube  of  Unit. 


Number  of 
Pieces 


VF 


Sides  of  Cubes 


s. 


s3" 


s3 


3  \/p 


log  P 
log  2 


log- 


log 


=  -lOlogS 


Volume  of 
i  lubes 


V. 


Vv 


Vv 


log  — 


log    2 


Area    of 
Fracture 


F3 

27 


_27_ 
F3 


logF  -  log27 
log  2 

f0+0  477 


Ordinal  or  En- 
erg}'  Number 


N. 


2N 


\/2N 


2N 


3  V21 


It 


y- —  * 


n 


N.  11—  The  Surfaces  exposed  are  double  of  the  Area  of  Fracture  (F). 

Table  C. 

WIRE-SCREENING. — Relations  between  Diameter  of  Aperture, 
Diameter  of  Wire,  Screen  Area  and  No.  of  Holes  per  linear 
inch  in  any  Screen  having  the  same  number  of  holes  each  way  and 
manufactured  with  one  gauge  of  wire  only. 


%  of  Discharge  of  An  a  :  A 


Diameter  of  Wire  : 

decimals  of  an  inch     Y 


Diameter  of  Mesh   Aperture 
in  decimals  of  an  inch  Z  = 


Number    of    Holes 
per  lin.  in. 


X 


Disch.  area  A. 
Diam.  Wire  Y. 


10-     sji 


Disch.  area  A. 
Apertures  Z. 


_10z 

x'a 


Disch.  area  A. 
No.  of  Holes  X. 


10 


\/a 


10  x 


Js 


10  x 


10-  N/a 
10y 


\/a 


lOz 


|)ia.  Wire    Y. 
Apertures  Z. 


10    z 

y  +  z 


z  +  y 


Diam.  Wire  Y. 
No.  of  Holes  X. 


100(1  -xy)! 


Apertures  Z. 

No.  of  Holes  X 


100z2x2 


1-xy 


1  —  xz 


The  diameter,  in  decimals  of  an  inch,  of  a  ited  wire  is  approximately         y  =  '00315  Jw,  where  W  =  the  weight  in  milligrams 

per  lin.  inch  of  the  wire. 
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by  two    consecutive   screens,   vary   in    the    same 
ratio  as  the  grades  of  the  theoretical   cubes. 

For  the  sake  of  completeness  the  relations  exist- 
ing between  the  factors  determining  wire  woven 
screens  are  given  in  Table  C.  (see  p.  384). 

5.  The  absolute  values  of  the  true  average 
sizes  are,  of  course,  smaller  than  the  theoretical 
cubes,  in  a  propoition  which  varies  with  the 
physical  nature  of  the  ore,  method  of  crush- 
ing, shape  of  mesh  hole,  etc.  As  far  as  relative 
value;;  only  are  concerned  we  have  not,  however, 
to  trouble  about  their  exact  relative  place  in  the 
scale,  and  we  may  take  the  cubes  of  the  respec- 
tive grade  as  representatives. 

6.  Over  nine  grades,  from  1  in.  mesh  down  to 
30  mesh  ("016G  in.  aperture),  the  true  average 
weight  of  the  particles  of  each  grade  has  been 
ascertained,  and  the  ratio  of  decrease  in  weight  of 
these  particles  proved  to  correspond  remarkably 
well  with  the  correct  reduction  scale  of  the  theore- 
tical cubes,  especially  in  consideration  of  the  fact 
that  the  measurements  had  to  be  executed  with  the 
product  coming  from  an  ore  breaker,  containing 
consequently  many  splinters  and  flat  shaped 
pieces,  not  amenable  to  perfect  classifying  by 
size.  The  relation  of  the  true  average  size  of  the 
particles  to  the  corresponding  theoretical  cubes 
representing  the  mean  grade  between  the  grades 
of  the  screens,  varied  in  the  nine  tests  between 
58-3/{  and  G69%.  and  the  average  of  61  -4%  can 
therefore  be  considered  as  fairly  representative 
for  the  baid  ore  and  for  a  product  coming  from 
ore  breakers. 

7.  With  this  factor  the  values,  (as  E.LJ.,  etc.,) 
<if  the  larger  pieces  remaining  on  the  1  in.  screen, 
which  would  offer  difficulties  to  classifying  by 
screening,  can  easily  lie  determined,  by  using  the 
formulae  of  Table  B,  from  the  average  weight  of 
pieces  of  approximately  equal  sizes,  of  divers 
groups,  into  which  the  material  to  be  examined 
is  first  assorted  by  hand. 

8.  The  average  value  of  screen  products  deter- 
mined bv  two  consecutive — possibly  far  distant — 
screens,  are  those  of  the  grade  having  a  number 
which  is  the  arithmetical  mean  of  the  ordinal  or 
E  U.  numbers  of  the  two  screens,  and  therefore 
corresponding  to  those  obtained  by  the  applica- 
tion of   !•'..  .1.  Laschinger's  formulae 

'.i.  Tic  product  /"i-<.<iii</  //>••  finest  screen  used 
lading,    may    by    practical    experience,    !"■ 
assumed    to    lie    represented    by    the    following 
values  :— 


duel   Passing1. 


>()(>  m     (-U0246   in.)  screen 

90  in.  (-00620  in.)  screen 


...    E.1  . 
Number. 


28 
27 


ing  Mesh 
Aperture. 


00155  in. 

25  it 


For  the  estimation  of  the  average  grade  of  the 
rema.inder  on  tht  coarsest  screen,  the  battery  screen 
used  gives,  in  most  cases,  valuable  information  con- 
cerning the  size  of  the  coarsest  particles,allowing  to 
take  the  mean  as  above.  The  amount  of  the  per- 
centages may  also  be  used  as  a  guide  in  this 
direction,  as  a  large  percentage  indicates 
evidently  a  coarser  average  grade  than  a  small 
percentage,  as  in  the  case  of  final  pulps,  where  the 
average  grade  is  bound  to  be  very  near  to  that  of 
the  coarsest  screen  used. 

10.  The  number  of  grades  obtained  by  this 
scale  at  the  crushing  ratio  1  :  2,  being  too  great 
for  general  use,  each  alternate  grade  only  has 
been  retained,  and  this  restricted  set  determines 
therefore  a  reduction  scale  at  the  ratio  1   :  4. 

11.  The  present  scheme,  as  will  be  noted, 
standardises  not  the  screens,  as  si"-/t,  but  estab 
lishes  an  unerring  standard  for  the  sizing  and 
classifying  of  the  screen  products  into  grades.  It 
is  consequently  valid  for  all  screens  of  any 
description,  and  completely  independent  of 
purely  practical  and  commercial  considerations, 
which  have  to  guide  millmen  and  manufacturers 
for  meeting  the  varying  requirements  in  practice. 

12.  The  standard  grades  apply  to  screens 
in  practical  use  as  well  as  to  laboratory  screens, 
and  the  only  difference  to  be  made  is,  that 
for  the  latter,  as  instruments  of  measurement, 
a  high  degree  of  accuracy  must  be  required. 
In  this  regard  commendable  efforts  have  been 
made  by  the  I  M.M.,  resulting  in  the  creation  of 
a  specially  made  set  of  standard  laboratory 
screens,  which  individually  are  most  accurate  with 
regard  to  mesh  apertures  and  uniformity  of  dis- 
charge area,  but,  in  part  do  not  till  tlu  require- 
ments of  the  system  of  classification  which  1 
advoc  ite,   for  reas  »ns  given  below. 

1  •">.  Summarising  t  he  advantages  of  my  system 
of  standardisation  of  grades,  tic  y  are  : — 

(a)  No  really  new  departure  from  standard 

practice. 

(b)  Equality  Of  Steps  with  regard  to  reduction 

in  volume. 

(r)   A  sufficient  number  of  grade.-,. 

((/)  In  lependence  of  wire  gauge,  and  there- 
fore, immediate  applicabilitj  to  screens 
of  any  description,  with  round  or  square 
holes. 

|  i  The  standard  grades  are  exactly  the 
same  tor  screens  in  practical  use  in  metal- 
lurgical operations  as  for  laboratory 
purposes,  whilst  the  screens  may  vary 
in   accordance  with   the  gauge  of  wire 

w>r<\.  with  degr f  accuracy  in  their 

manufacture,  etc. 

(/')  N'o  bin;!  to  extension  in  either  direc- 
tion, or  l>\  inter]  olation, 
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(g)  The  variations  of  all  other  functions  of 
the  particles,  besides  the  diameter,  can 
be  expressed  by  equations,  or  plotted 
out  in  regular  curves. 

(h)  Any  odd  screen  of  which  the  clear  aper- 
ture is  known,  can  readily  be  inserted 
in  the  scale  by  the  use  of  tlie  formulas 
given  in  Table  B. 

(/)  The  ordinal  numbers  represent  at  the 
same  time  the  relative  value  of  the 
energy  required  to  produce  the  respec- 
tive grade  from  the  unit.       \ 

(j)  The  average  values  of  screen  products 
determined  by  possibly  far  distant 
screens  are  readily  obtained. 

(k)  Any  projected  standardisation  of  battery 
screens  can  easily  be  made  to  fall  in 
with  the  present  scale. 

(I)  The  so-called-  60  and  90  mesh  screens 
(aperture  01  in.  and  '006  in.  respec- 
tively) are  already  in  general  use  on 
the  Hand. 

Accuracy, — 

14.  The  measurement  of  the  size  of  particles 
by  grading  with  screens  can  never  claim  to  be 
scientifically  exact,  as  too  many  factors  of  in- 
accuracy have  to  be  reckoned  with,  as  for  instance, 
the  limits  of  accuracy  in  the  manufacturing 
of  the  screens,  the  alterations  in  their  apertures 
by  wear,  and  the  fact  that  the  actual  maximum 
size  of  the  particles  passing  through  any  given 
screen  varies  with  different  ores,  different  grinding 
systems,  and  different  methods  of  conducting  the 
grading  analyses,  etc. 

15.  Even  if  it  were  possible  to  bring  the 
measurement  by  screening  to  a  high  degree  of 
perfection,  it  would  be  futile  to  pretend  to  exces- 
sive refinements,  as  the  working  conditions  of 
milling  plants  are,  in  practice,  subject  to  unavoid- 
able fluctuations,  and  the  samples  subjected  to 
grading  are  only  more  or  less  representative 
averages  of  mill  products,  varying  within  consider- 
ably wide  limits. 

16.  For  scientific  and  accurate  work  the  full 
set  of  M.T.C.  grades  should  be  used,  but  for  the 
daily  control  of  operations  on  the  mines,  the  60 
and  90  M.T.C.  grade  (50  and  SO  mesh  I.M.M. 
screen)  are  quite  sufficient. 

17.  Considering  the  above-mentioned  factors 
of  inaccuracy,  it  is  unnecessary  to  work  closer 
than  to  the  first  place  of  decimals  in  the  percentage 
ratios. 

Metltods  of  Conducting  Grading  Analyses. — 

18.  Although  the  wet  method  may  give  more 
accurate  results,  the  dry  method  is  for  practical 
reasons  almost  exclusively  in  use  on  the  Rand. 
If  a  sufficient  number  of  screens  be  taken,  a  dis- 


placement of  even  a  few  percentages  from  one 
grade  to  the  next  adjacent  one,  will  not  appreci- 
ably affect  the  result.  More  care  must  be  taken 
with  regard  to  the  slime,  which  adheres  to  the 
coarser  particles,  and  if  theoperation  of  screening- 
be  not  prolonged  over  a  wry  long  time,  a  displace- 
ment of  about  2  takes  place  from  the  very 
finest  to  the  coarser  particles.  This  inconvenience 
can,  in  practice,  be  overcome  veiy  satisfactorily 
by  adopting  the  mixed  method. 

19.  A  convenient  weight  of  the  sample  is 
dried  and  then  the  sands  are  washed  in  a  suitable 
circular  metal  frame  having  the  finest  screen  it 
is  proposed  to  use,  fitted  into  its  bottom.  The 
washed  product  freed  from  the  finest  grade 
is  dried  in  the  same  screen-frame,  and  the  grad- 
ing is  then  continued  and  finished  on  the  re-dried 
sand. 

"20.  The  following  advantages  are  claimed  for 
this  mixed  method  : — 

(a)  G  reater  accuracy . 

(b)  Saving  in   time   in  spite  of  the  double 

drying,  as  with  washed  sands,  in  a  com- 
paratively short  time  a  clearly  defined 
end  of  the  operation  of  screening  is 
reached. 

(c)  No  dusting. 

21.  For  the  drying  of  the  sand,  steam  or 
waterbaths  should  be  used,  as  too  great  a  heat  in 
drying  the  sand  causes  the  bursting  of  about  2% 
of  the.  coarse  particles,  the  splinters  going  to 
increase  the  +  1 20  grade  especially. 

22.  The  practical  limits  of  manufacturing  are 
reached  with  the  200  mesh  ('0025  in.  aperture) 
screen,  and  for  further  classification  the  metal- 
lurgist will  have  to  resort  to  the  elutriation  method 
by  which  the  particles  are,  in  a  current  of  water 
of  varying  velocity,  classified  on  the  basis  of  their 
hydraulic  value.  Inconsequence  of  the  influence 
of  the  varying  shape  and  specific  gravity  of  the 
particles,  this  method  gives,  with  regard  to  the 
volume  of  particles,  no  clearly  defined  grades,  but 
on  the  other  hand,  the  gradings  are  more  in 
accordance  with  practical  working  conditions.  The 
portion  to  be  examined  by  elutriation,  must  be 
separated  from  the  wet  sands  before  they  are  dried, 
in  order  to  avoid  any  alteration,  due  to  heat,  of 
the  particular  physical  properties  of  the  slimes. 

II. — Application    of  Grading  Analyses. 
Theory. 

23.  The  area  of  fracture  over  which  the 
cohesion  of  the  molecules  has  to  be  destroyed, 
multiplied  by  a  coefficient  determining  the 
resistance  which  the  molecules  oppose  to  their 
separation  by  the  exercise  of  any  stress  (crushing, 
tensile,  shearing,  etc. )  represents  the  forct  required 
to  cause  the  fracture, 
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24.  in  order  to  perform  mechanical  work,  this 
force  has  to  run  through  a  dista nee,  represented  by 
the  deformation  which  the  body  can  stand  before 
reaching  the  breaking  point.  It  is  in  this  con 
nection  immaterial  that  this  distance  of  deforma- 
tion within  the  limits  of  elasticity  and  plasticity  is, 
for  not  perfectly  homogeneous  bodies,  subject  to 
variations,  which  for  highly  elastic  and  unplastic 
bodies  as  quartz,  glass,  etc.,  are  too  insignificant 
to  be  considered,  and  in  addition  they  are  by  the 
nature  of  our  crushing  appliances  averaged  to  such 
an  extent,  that  these  averages  are  as  good  as  exactly 
defined  figure's.  healing  with  relative  values 
only,  we  have  not  even  to  care  about  the  exact 
extent  of  this  deformation,  and  all  that  we  need, 
is  to  be  satisfied,  that  this  factor  is  a  constant 
function  of  the  diameter  of  the  particles  to  be 
crushed. 

25.  The  mechanical  workdone  is  represented  by 
the  product  of  the  force  by  the  distance,  but  as 
in  a  regular  scale  of  reduction  by  volume  the 
diameters  of  the  particles  decrease  at  the  same 
ratio  as  the  area  of  fracture  increases  the  product, 
or  the  mechanical  work  required  for  reducing  the 
volume  (or  weight)  of  the  unit  from  one  grade  to 
the  next  following,  is  a  constant  for  each  grade, 
called  the  crushing  or  energy  unit  (E.U.). 

li'i.  The  same  conclusion  is  also  arrived  at  by 
the  application  of  "Kick's  Law,"  which  reads: — 

"The  energy  required  for  producing  analogous 
changes  of  configuration  of  geometrically  similar 
bodies  of  equal  technological  state  varies  as  the 
volumes  or  weights  of  these  bodies." 

The  volumes  of  the  [(articles  decrease  from 
grade  to  grade  at  the  same  ratio  as  the  number 
of  the  particles,  constituting  in  their  total 
i he  volume  of  the  unity,  increases,  and  the 
product  of  the  volumes  into  the  number  of  the 
particles  of  that  grade  is,  therefore,  constant  for 
each  grade.  As  in  conformity  to  the  above  law. 
the  amount  of  energy  absorbed  is  proportional  to 
the  volume  of  the  Lilly  to  be  crushed,  it  follows 
again  also  that  the  total  energy  required  for  reduc- 
ing the  weight  of  the  unit,  is  contlnnf  for  each 
grade. 

27.  The  ordinal  numbers  of  any  arithmetical 
progression  given  to  these  grades  represenl 
consequently  the  relative  values  of  the  energy 
which  has  to  be  spent  upon  producing  this 
respective  grade  from  the  initial  unit,  or  the 
i,,, chemical  value  of  the  grade. 

28.  k"i-  obtaining  the  mechanical  value  of 
mixed  sands,  we  need  only  to  multiply  the  per- 
centages of  the  era. lines  by  t  he  uuinl  >>.  r  <>f  t  he 
energy  units  of  the  respective  grade  and  add  the 
products.  This  possibility  of  having  thegrading 
of  pulps  condensed  and  expressed  in  om  repre- 
sentative figure  proves  to  be  of  great  value. 


29.  The  useful  work  done  per  unit  by  any 
crushing  machine  is  determined  by  the  difference 
between  the  mechanical  values  of  the  samples, 
taken  at  the  inlet  and  the  disci  I  the 
machine,  and  for  obtaining  the  tot  il  woi'Tt  done 
this  difference  has  to  be  multiplied  by  the  tonnage 
dealt  with. 

30.  The   relative   mechanical   efficiency  is  the 
value  obtained   by  dividing  the  total  work  done 
by  the  unit  of  energy  (for  instance,  II. P.)  : 
Relat.  mech.  efficiency  = 

Tonnage  x  work  done  per  unit  in  E.U. 
Unit  of  energy  (H.P.) 

Examples  of  efficiency  calculations  (Hand  o 

31.  J.    Shi  mil. — 

Battery  screen  :   G+  mesh  0'097  in.  aperture. 
Running  weight :    1,1.50  lbs.   (energy    1,174 

Hi.  ft.  sees.) 
Power  consumption  :   2G  H.P. 
Duty-  :   9  tons  per  24  hours. 
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II. —  Tubemill. 

Dimensions  '_"_'  ft.  5'  6  '  diam. 

Bankel  Ore-feed  675  ions  p.  21  hours. 
Speed  :  30  revolul  ion    p.  min. 
Power  consumption  say  li'<)  h.  p. 
Duty  :    -JO   tons  p.  24  hours. 
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Total  work  done  by  Tubemill  in  24  hours  : 
Reduction  of  Pulp  feed  = 

290  tons  x  5-31  EU.  =  1539  2  EU. 
Reduction  of  Banket  ore  = 

6-75  tons  x  30  EU.=    202  5     „ 


Total  work  done  in  24  hours  ...1742-4  EU. 


=   17-42 


Relative  mech.  _  17424    EU 

efficiency  p.  HP.  _    100  HP. 

32.  Under  the  conditions  of  the  above  examples, 
taken  from  practical  work,  the  efficiency  per  HP. 
of  Tubemills  (17-42)  is  only  about  \  that  of  the 
stamps  (70-40). 

33.  For  general  guidance  some  instructive 
figures  of  mechanical  values  might  be  of  interest  : 

Battery  pulps  varying  with  the  increase  of  the 
fineness  of  the  screening  from  170  El'  to  24'5 
EU. 

Tubemill  intake  depending  upon  more  or  less 
perfect  removal  of  the  finest  particles  by  the 
classifiers  two  to  three  EU.  less. 

Tubemill    discharge,     varying     with     wor 
conditions,    especially  coarseness    of   teed,    from 
210  EU  to  24-5  EU. 

Final  (cyanide)  pulp  varying  between  the 
following  extreme  limits  ; — 


+  60 

coarse  pulp    1  5 
fine  pulp...      3% 


+  90      -90 


10% 


65% 
877 


L4-4r,  EU. 

26-13  EU. 


34.  The  difference  between  the  mechanical  value 
of  the  Final  (cyanide)  pulp  and  the  Battery  pulp 
represents  the  work  done  per  unit  (say  1  ton),  by 
the  secondary  crushing  appliances,  and  their  total 
work  done,  i  e.,  the  sum  of  the  products  : 

Tonnage  x  (Mechanical  value  Discharge  minus 
Mechanical  value  Inlet) 
of  the  single  units  must  therefore  be  equal  to 

Battery    tonnage   x    (Mechanical    value    Final 
pulp  minus  Mechanical  value  Battery  pulp.) 

From  this  fact  the  correctness  of  the  measure- 
ments can  readily  be  checked  or  inversely  the 
efficiency  of  the  secondary  grinding  machines  can 
be  controlled  by  the  difference  of  the  Mechanical 
values  of  the  Final  and  the  Battery  pulps,  of 
which  reliable  average  samples  are  taken  in  any 
case  for  assay  purposes, 

35.  The  great  advantage  connected  with  my 
method  of  expressing  the  values  of  the  gradings 
in  one  representative  figure  is  that  it  allows  of  the 
solution  of  many  interesting  problems  :  for 
instance,  the  redistribution  of  the  battery  and 
tubemill  discharge  pulps,  which  in  the  spitzkasten 
become  mixed  up,  can  by  calculation  be  exactly 
analysed  into  the  amounts  delivered  to  the  cyanide 
works  or  returned  to  the  tubemill  for  regrinding. 

'Battery  ,         -         , 

■,sJw,    /8-D+x)         ffi"lde- 
s^en../1  Works. 


Gradings 
&Tonndc 

=  tons  per  24  hours  tubemill  return  sands. 

=  tons  per  21  hours  total  sand  and  banket  feed. 

=  tons  per  21  hours  total  net  battery  duty. 

=  tons  per  24  hours  total  ore  milled. 

=  tons  per  2  1  hours  tubemill  sand  feed  only. 

=  tons  per  21  hours  banket-feed  only. 

=  Difference     mech.     values     of    cyanide     and 

battery-pulps. 
=  Difference   mech.    values   of  tubemill  intake 

and  cyanide  pulp. 
=  Difference   mech.    values   of  tubemill  intake 

and  discharge  pulps. 
=  Mech.    value    represented    by    reduction    of 

banket  pieces  to  size  of  cyanide  pulp. 
=  Mech.  value  re]  tresented  by  reduction  of  banket 

pieces  to  size  of  tubemill  discharge  pulp. 
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The  mechanical  work  done  in  tubemills  being 
determined 

(1)  By  difference  of  work  dour  represented 
in  Intake  and  discharge   pulps    =  Dh  +  Fi. 

(2)  By  difference  ot  work  done  represented 
in  the  portion  of  the  tubem  ill  discharge  delivered 
to    the    cyanide    works    and    the    tubemill    inlet 

i  ( A      Y\De  +  F# 

pulp  =  (A  -  X)       ^ 

(3)  By  difference  of  work  done    represented  in 
Cyanide  and  Battery  pulp  =  Be  r  bg 
we   obtain    by    equalising  the   above   valu 
instance  for  the  amount  of  the  return  sands  : 

(Dh  +  Fi)  A  (Be  +  Fg)A 

De  +  Fg     '      '  De  +  Fg 

By  neglecting  the  Banket  ore  feed  the  formula 
would  become  reduced  to  : 

X  =  A  -  —  ,  or,  X  =  A  -  - 

e  e 

.36.  The  energy  absorbed  in  the  reduction  of 
the  Banket  ore  teed  to  the  size  of  the  Final  pulp 
can  as  an  average  be  estimated  at  30  EU.  (26 
EU.  being  the  mech.  value  of  the  final  pulp  with 
reference  to  the  initial  unit,  plus  1-  EU.  repre- 
senting the  energy  absorbed  for  the  reduction  of 
4"  pieces  to  the  size  of  the  initial  unit  or  0 
grade.)  For  22  ft.  iubemills,  as  in  general  use 
on  the  Rand,  the  work  done  in  reducing  the 
Banket  ore  represents,  depending  upon  the 
working  conditions,  5  to  25%  of  the  total  work 
done. 

37.  The  mechanical  values  of  the  pulps  may  in 
many  cases,  where  a  great  accuracy  is  not  re- 
quired, be  calculated  from  the  gradings  of  the 
three  grades  only,  determined  by  the  usual 
screens  Nos.  60  and  90.  This  simplified  calcula- 
tion compares  for  inst.  forabove  tubemill  example 
as  follows  : — 


Ivi  IKE. 

in-. 

Grad 

Wtfhts. 

Mech. 

\  alue  of 

Mean 

E.l  . 

Mech. 

Y..\   . 

Wghts. 
29-9 

•.".Ml 
411 

Mech. 
i  alue  of 

Mean 
Grade. 

E.U. 

IS 
21 
27 

Mech. 
Dis- 

E.U. 

60 
90 
90 

:<;■'.) 

155 
7*6 



1 5  5 
21  ii 
27-0 

1  [-92 
3  26 
2  05 

1723 

5-38 

6-09 

11-10 

lou 

22  57 

(  lONCLUSION. 

38.  All  through  the  experimental  work,  executed 
on  behalf  of  the  M.T.C,  it  could  be  ascertained 
that  this  method  of  efficiency  calculation  is  for 
fine  as  well   as   for  coarse   crushing,  correct  and 

reliable,  and  in  perfect  accordance  with  the 
results  of  practical  experience.        Based   on    these 


facts  it  can  be  stated  that  wt  art  now  in  a 
position  to  determine  with  a  comparatively  high 
degree  qf  accuracy  the  relativt  merits  of  different 
crushing  appliances,  or  tht  mechanical  efficiency 
of  one  and  the  same  machini  working  under 
ng  cdnditions. 

'■'<[).  In  the  author's  reply  to  the  discussion  "ii  his 
paper  on  He  ivy  Gravitation  Stamp-.  Dr.  Caldecott 
comes  forward  with  a.  method  of  his  own  for 
computing  efficiency,  in  tacit  opposition  to  mine, 
the  merits  or  otherwise  of  which,  as  an  active 
and  interested  member  of  the  .Mines  Trials  Com- 
mittee, he  has  had  under  close  observation  for 
more  than  a  year.  The  discussion  on  his  paper 
being  closed.  I  may  be  allowed,  under  these 
circumstance-,  to  take  the  controversy  up  in  the 
present  paper.  In  order  to  stimulate  Dr. 
I  laldecott  to  redouble  his  efforts  to  discover  flaws 
in  the  correctness  and  reliability  of  my  method, 
I  begin  by  saying  squarely  and  in  plain  terms, 
that  his  method  is  not  only  unscientific,  but  also 
inaccurate.  All  the  figures  obtained  by,  ami  the 
conclusions  drawn  from  it.  are  incorrect,  mis- 
leading, and  therefore  worthless. 

Dr.  Caldecott  first  finds  it  very  convenient  to 
introduce  a  new  "nominal  crushing  unit."  This 
he  defines  as  a  stamp  of  an  aroitrary  description 
as  regards  weight,  drop,  and  number  of  .Imps  per 
minute.  With  no  reasons  given,  it  is  difficult  to 
see  the  desirability  or  necessity  of  introducing  a 
new  unit  for  the  measurement  of  the  energy  used 
by  different  stamps  when  such  units  as  ft.-lb., 
sec.  or  h.p  are  already  available  and  easily  under 
stood.  This  device  is  so  much  the  more  needless 
as  the  value  in  normal  crushing  units  of  any 
oth  'i-  stamp  of  different  weight  or  working  con- 
ditions is  to  be  determined  by  the  ratio  of  the 
ft.-lb.     sec.     or    h.p,    of    the    particular    stamp    to 

that  established  as  the  normal  crushing  unit. 
There  is,  therefore,  no  reason  why  the  usual 
units  should  not  lie  taken    as    a    standard.       It    is 

then  further  arbitrarily  assumed  that  a  tubemill 
of  assumed  dimensions,  with  an  assumed  power 
consumption  is  equal  to  30  such  nominal  crushing 
units.  The  admission  that  this  ratio  "  varies 
somewhat  according  to  the  conditions  of  operat- 
ing "  is  appropriate,  provided  thai  the  limit  of 
elasticity  ol  the  term  "  somew  hat  "  be  made  \\  ide 
enough  to  stand  the  enormous  .-train  of  the  verj 
great  effect  of  these  operating  conditions  on  the 
efficiency  of  tubemills  of  equal  cubical  capacity 
inside  shell. 

I  do  not  lay  too  much  stress  on  the  ab  ive 
points,  which  are  only  " somewhal  "  inaccurate; 
but  a  very  serious  error  is  made  by  taking  the 
production  of  the  ■  90  grade  as  a  standard  of  the 
work  done  in  crushing.  By  the  use  of  his  th 
which  Dr.  Caldecott  bases  on  his  finding  thai 
"the    v   tons   of  this  material   that    can    be 
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obtained  per  stamp,  or  per  tubemill,  or  per  horse- 
power, the  better,"  undue  credit  is  given  to  the 
"  finishing"  work  performed  by  tubemills  on  an 
already  very  fine  feed  ;  whilst  the  hard  work  done 
by  other  crushing  appliances  in  reducing  the 
coarse  particles  to  the  size  of  this  feed  is  com- 
pletely ignored.  By  similar  reasoning  Dr. 
Caldecott  might  have  said  that  the  ultimate 
object  sought  is  the  reduction  of  the  +  60  grade 
and  in  this  case  he  would  have  come  to  just  the 
opposite  conclusion,  namely,  that  practically  all 
the  work  done  in  crushing  is  performed  by  the 
preliminary  crushers  and  very  little  is  left  for  the 
tubemill  to  do.  The  fact  that  the  figures 
obtained  by  his  method  do  not  show  any  advant- 
age in  favour  of  coarse  crushing  will  perhaps 
shake  his  confidence  in  his  method  more  than 
any  possible  criticism.  Indeed,  according  to  his 
figures,  the  production  of  the  -  90  grade  is,  for 
the.  same  stamp  weights,  about  the  same  for  any 
coarseness  of  battery  screens,  whilst  by  my 
method,  which  never  fails  to  accord  perfectly 
with  practical  experience,  the  greater  efficiency 
claimed  for  coarse  crushing  stamps  is  clearly 
shown  by  the  figures  obtained.  They  are  for  a 
stamp  of  1,250  lb.  running  weight,  as  follows  : — 


Jlesh  and 
Batter 

Mesh. 

Aperture  of 

Inch. 

Duty  per 

24  Hours. 

Tons. 

Mi  chanical 

Value  of 

Pulp. 

E.  1 '. 

Relative 
Mechanical 
Efficiency 
per  II.  i'. 

9 

•272 

13-0 

18-0 

2340 

200 

•053 

7-5 

21-5 

161*3 

60o 

028 

«;•:, 

23-2 

150-8 

1,200 

•017 

5  2 

243 

126-4 

40.  In  conclusion,  I  wish  to  record  my  appre- 
ciation of  the  courtesy  of  the  Mines  Trials  Com- 
mittee in  granting  permission  to  use  data  obtained 
in  the  course  of  my  investigations  whilst  in  their 
employ,  but  I  am  personally  responsible  for  the 
mathematical  reasoning  and  considerations  derived 
therefrom  together  with  the  opinions  expressed. 

Besides  many  minor  articles  and  contributions 
•-<•  itteied  in  technical  publications — too  numerous  to 
be  quoted — especially  the  following  literature  has 
been  consult'  d  on  the  subject  :- 

1.  The  relative  chapters  in  well-known  mining  books. 
•',    I  M.  Id    I  ondon.     Bulletin  No.  Ms.  1907. 

3.  Repori  ofSub-o  i  the  Standardisation  of  Battery 

ning.    Supplement  to  tin;  Journal  "/tin:  Ch.  M. .'/.. 
Johannesburg,  .inn.-,  1906. 

4.  C.  (le  Kalb,  Engineering  and  Minimi  Journal.  .Inly,  1905. 

:..   E.  T.  Henderson      i  ■  an  Mining  &  Engineering  Review, 

Novern 

6.  W.  McDermott,  Standardisation  oi  Screens.      Crowther  and 

Milan.  Printers,  London. 

7.  W.  A.  Caldecott,  this  Journal,  November,  L905. 

8.  Philip  Argall,  Mining  and  Scientific  Press,    L908. 

9.  s.    n.    Pearce  and   W.   A.   Caldecott,    this   Journal,    Sept., 

ad  contributions  from    II.   A.   While  (Oct.,  1906); 

.  .    R.    II.    Richards  (Feb.,    1907);    E.    J.    Laschinger 

(Jan,  L907),  etc. 

lO.'Arthur    v  Tournal,   Dec,    1908,  and  contributions 

nom    11.    Stadler  (April   and   Aug.,    1909),  11.  A.   White 

(.May,  L909). 


11.  Harry  s.  Denny,  Journal  S.J  A.  of  E.    .     and  contributions 

ii\   Messrs.  G.  I-'..  Busch,  J.  A.  Vaughan,  etc. 

12.  G.  A.  and  II.  s.  Denny,  Journal  S.  A. A.  of  E.,  June,  1908. 

13.  H.  Stadler,  Journal  S.A.A.  ofE.,  Dei      1908,    tnd   Feb.,  1910, 

etc. 

Mr.  H.  A.  White  (Member  of  Council):  I 
wish  to  propose  a  very  hearty  vote  of  thanks  to 
Mr.  Stadler  for  this  very  able  and  interesting 
paper,  which  represents  not  only  a  great  deal  of 
thought  but  a  large  amount  of  work.  His 
method  of  substituting  ideal  grades  for  the 
mechanically  imperfect  screens,  actually  used, 
seems  a  step  in  the  right  direction.  It  is  obvious 
to  all  present,  who  are  interested  in  this  question, 
that  the  author's  theoretical  results  are  entirely 
based  on  Kick's  the  >ry,  which  has  not  yet  re 
ceived  universal  assent.  The  conclusion  arrived 
at  on  this  basis  which  denies  the  tube  mill  an 
efficiency  greater  than  a  fourth  that  of  the  stamp 
mill,  and  shows  a  doubled  efficiency  for  the  latter 
when  9  mesh  is  used  instead  of  1,200,  can 
scarcely  be  said  to  "  accord  perfectly  with 
practical  experience." 

I  think  some  little  allowance  is  clue  to  the 
tube  mill  upon  a  consideration  of  the  fact  that  it 
has  to  work  on  particles  which  the  battery  dis 
criminates  against,  and  debit  must  be  made 
against  the  battery  for  that  portion  of  the 
material  it  deals  with,  which  forms  the  clayey 
portion  of  the  slime  produced,  as  this  must  he 
not  only  more  easily  reduced,  but  must  cause 
planes  of  weakness  in  the  rock  to  be  crushed. 

It  may  be  considered,  however,  that  the  law 
which  refers  work  done  to  area  of  surface  ex- 
posed has  the  advantage  in  our  present  circum- 
stances, where  .increase  of  this  area  is  the 
desideratum  tor  further  extraction  of  theprei 
metals.  This  increase  of  area  is  acknowledged  to  be 
obtained  at  a  cheaper  rate  in  tube  mills,  and  so  a 
greater  proportion  of  the  work  is  profitably 
thrown  upon  them  when  larger  screens  allow  a 
greater  capacity  for  the  battery.  But  if  the 
large  majority  of  our  engineers  are  really  at 
fault  in  adopting  the  tube  mill,  and  if  it  be 
really  as  mechanically  inefficient  as  Mr.  Stadler's 
deductions  show,  I  am  at  a  loss  to  understand 
why  the  author  has  not  gone  a  little  further  and 
proposed  stamps  for  his  secondary  grinding,  and 
shown  us  how  to  save  three-quarters  of  the 
power,  now  wasted  in  the  tube,  byr  that  or  some 
similar  means. 

It  is  certainly  to  be  hoped  that  S3  valuable  a 
paper  as  this  may  meet  with  a  full  and  vigorous 
discussion. 

Mr.  E.  H.  Johnson  (Past  President)  ■.  I 
would  like  to  second  the  vote  of  thanks  to  Mr. 
Stadler  for  his  interesting  paper.  Mr.  Stadler 
has  devoted  himself  \er\  closely  for  some  time  to 
the    study    of    a    method     for    deducing    relative 
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efficiencies    of    crushing    appliances    from     the 
grading  results,  and  his  paper  forms  ad  interest 

addition    to  the   literature  of   thi 
The  transla  ading    results  into  the  horse 

power  required  to  produce  them  is  somewhat 
difficult  with  the  local  conglomerate  ore  owing  to 
the  different  resistances  to  sub-division  offered  by 
the  varied  constituents  of  the  ore.  Forinstance, 
using  a  screen  mesh  on  the  stamp  mill  of0-27  in. 
dia..  there  is  produced  approximately  26  •  I 
screen  of  '006  in.  aperture, 
which    apparently    requires     little      mechanical 

,   to  produce.       This   and   similar  observed 
coincide   with   the   "  equal  techno- 
logical   state"    required    to    render     Kick's    law 

tly  applicable. 


EXPERIMENTS  OX  THE  PRECIPITATION 

OF  GOLD  FROM  CYANIDE  SOLUTION 

BY  CARBON  IN  LIME. 


By  Edward  H.  Croghan  (Member  of  Council). 

The  subject  matter  of  the  following  contribu- 
tion was  first  mentioned  at  our  meeting  of  April 
of  last  year,  when  Dr.  Caldecott  gave  a  short 
note  on  "the  precipitation  of  gold  from  solution 
by  carbonaceous  matter,'-  and  at  that  time  I  also 
touched  upon  the  subject.  In  view  of  the  state- 
ment then  made  it  would  seem  that  this  half 
burnt  coal  or  carbon,  as  some  prefer  to  name  it, 
might  have  a  deleterious  effect  in  precipitating  a 
small  quantity  of  gold  during  the  cyanide  treat- 
ment. At  the  above  mentioned  time  our  late 
deceased  and  most  esteemed  member,  Mr.  Wager 
Bradford,  asked  certain  questions  which  may  be 
classified  as  follows  : — 

1.  What  is  the  maximum  percentage  of  carbon 
which  may  be  present  in  lime  without  causing 
precipitation  of  gold  in  the  treatment  vats  .' 

2.  Aiv  I  hi  i  ••  anj  figures  to  prove  that  0*1'  . 
for  example  of  carbon  in  the  lime  used,  results 
in  the  precipitation  of  gold  to  any  appreciable 
extent  ! 

.">.  Is  it  possible  that  a  very  small  percentage 
of  carbon  in  a  lime  may  be  present  withoul 
exerting  any  deleterious  influence  ! 

1.    Is  it  certain  that  the  results  of  the  lab  »ratory 

tests  will  be  obtai 1  in  a  500  ton  vat  ;  in  other 

words,  will  working  results  confirm  laboratory 
experiments  .' 

Dr.  Caldecott,  to  whom  these  questions  were 
put,  gave  a  reply  the  principle  of  which  was,  that 

even  if  only  a  tr I  gold  were  precipitated  the 

value  of  this  would  represent  thousands  of 
pounds  on  the  tonnage  of  ore  yearly  milled  on 
the  Hand,  and  therefore  it  it  is  possible  to  obtain 
carbon-free    limes    only   those    limes    should      be 


employed.  It  was  practically  impossible  to  make 
any  deductions  from  working  results  as  the  limits 
of  experimental  error  of  sampling  and  assaying 
would  probably  be  exceeded.  This  then  briefly 
sums  up  the  position  to  date. 

In  view  of  the  fact  that  metallurgists  still 
disagree  on  the  matter,  I  decided  to  carry  out 
experiments.  These  trials  were  made  in 
such  a  way  that  if  results  were  positive  it  might 
>ssible  to  make  some  deductions  and  establish 
a  guide  for  specifications,  by  noting  the  eff< 
different  percentages  of  carbon,  and  in  accordance 
with  the  quantity  of  lime  used  per  ton  of  ore  by 
any  particular  mine,  so  enabling  a  standard  or 
maximum  allowance  to  be  fixed. 

The  details  of  the  experiments  are  as  follows  ; 

1.  Reagents:  <r(Ad  Cyanide  Solution. — This  was 
prepared  by  making  first  a.  very  strong  solution 
by  dissolving  a  known  quantity  of  gold  in  a 
minimum  amount  of  pure  potassium  cyanide 
and  diluting  with  tap  water  until  it  had 
an  assay  value  of  about  1  dwt.  per  ton.  A 
weighed  amount  of  potassium  cyanide  was  then 
added  to  give  a  strength  of  about  0T/  and 
filtered  lime  water  to  act  as  protective  alkali  to 
about  '004%.  This  was  covered  and  allowed 
to  stand  over-night.  The  next  morning 
the  clear  solution  was  tested,  and  carefully 
decanted  from  any  precipitate  into  glass  stoppered 
Winchester  quart  bottles.  The  clear  solution 
thus  obtained,  when  tested  gave  the  following 
results  : — 

Free  Potassium  Cyanide  =  0106"  KCN. 
Protective  Alkali  as  Lime  =  0-003<;  CaO. 
Assay  value  =    IT 2  dwt.  per  2,000 

lb. 

2.  Carbon. — An  indifferent  quality  of  lime 
was  secured.  100  grammes  were  mixed  with  a 
litre  of  tap  water  and  treated  carefully  with 
small  additions  of  strong  hydrochloric  acid 
until  most  of  the  lime  dissolved,  the  solution 
being  kept  as  cool  as  possible.  The  dissolved 
lime  wis  decanted  and  the  residue  thoroughly 
washed  by  decantation  and  dried  at  lour 
Fortunately  some    large   pieces  of  carbon    were 

nt.  These  were  carefully  selected,  crushed 
to  60  mesh  and  the  carbon  determined,  by 
difference,  from  the  ash  contained.  It  was  not 
considered  necessary  to  adopt  a  combustion  . >r 
chromic  acid  procedure.  The  result  gave  60% 
carbon. 

'■>.  /:'',■  rirru  nts. — Ten  experiments  were  made. 
The  maximum  amount  of  lime  that  might  be 
applied  for  any  ordinary  class  of  ore  was  taken 
at  10  H».  per  ton,  and  limes  containing  interme- 
diate percentages  from  0*5  carbon  down  \<>  less 
than  0  d|  were  considered.  In  each  case  500  c.c. 
of  the  gold  cyanide  solution  was  used.  These  quan- 
tities were  placed  in  wide  mouthed  glass  stoppered 
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bottles  of  about  1  litre  capacity,  which  had  been 
carefully  cleaned.  The  60%  carbon  was  then 
added  in  various  quantities,  as  shown  in  Table  1. 
The  bottles  were  stoppered  and  the  mixture 
shaken  for  1  minute  each,  left  in  contact  for 
18  hours  and  then  filtered  through  first  quality 
filter  paper.  The  carbon  residues  were  all 
transferred  to  the  filters,  and  washed  until 
perfectly  free  from  any  trace  of  cyanide.  These 
were  then  carefully  dried,  burnt  in  new  scorifiers, 
and  scorified  with  20  grammes  of  gold  f-ree  lead, 
a  very  small  quantity  of  silver  being  added  at 
the  same  time.  The  assays  were  proceeded  with 
as  usual,  adopting  every  precaution  in  view  of 
the  extremely  small  amount  of  gold  expected. 
The  gold  obtained  in  each  case  was  subsequently 
mounted  on  a  slide.  The  following  table  briefly 
shows  all  details  and  results  at  a  glance  :  — 
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It  would  have  been  interesting  to  try  and 
observe  if  differences  in  the  gold  from  0"068% 
carbon  downwards  could  be  ascertained  on  a 
micrometer  scale,  but  I  do  not  think  this  would 
prove  satisfactory  on  my  slides,  which  do  not 
pretend  to  be  masterpieces. 

In  the  following  table,  No.  2,  I  have  calculated 
out  the  weights  of  carbon  per  ton  (2,000  lb.)  and 


also  the  corresponding  carbon  percentage  from 
the  amount  contained  per  ton  (last  column), 
assuming  for  convenience  practically  the  next 
highest  figure  for  the  carbon  percentage  as 
compared  with  the  percentages  taken  in  the 
experiments.  This  can  be  safely  applied  to 
the  data  obtained.  This  throws  a  little  more 
light  on  the  subject.  The  table  is  useful,  for  by 
utilising  it  in  conjunction  with  the  gold  precipi- 
tated as  per  table  I.,  any  mine  wishing  to  control 
the  carbon  factor  can  fix  its  own  standard  in 
accordance  with  the  amount  of  lime  used  per 
ton. 

Table   2. 
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From  a  study  of  the  actual  percentage  of 
carbon  from  the  tables  given  it  would  be  easy  to 
devise  others  suitable  to  varying  conditions. 
From  a  general  point  of  view  these  show  that 
even  a  lime  with  -5%  carbon  indicates  only 
traces  of  carbon  per  ton  of  ore,  and  should  play 
no  important  part.  I  state  this  because  it  will 
seem  that  the  figures  indicate  that  matters  are 
being  carried  too  fine.  The  necessity  of  having 
carbon-free  lime,  or  as  nearly  carbon-free  .  as 
possible,  is  a  matter  for  discussion  and  settle- 
ment by  those  more  competent  to  judge  especially, 
in  studying  figures  on  a  large  scale. 

In  my  final  deductions  I  desire  to  refer  again 
to  Table  1,  and  on  the  basis  of  3  lb.  of  lime  per 
ton  of  ore  required  on  the  Hand  indicate  what 
seems  to  be  the  maximum  percentage  of  carbon 
allowable  for  improving  even  this  detail.  In 
doing  this  it  will  be  quite  legitimate  to  accept 
the  carbon  percentage  as  in  previous  tables.  It 
will  not  affect  the  data  obtained  or  conclusions 
suggested. 

By  a  study  of  table  3  and  considering  what 
lime  burners  can  reasonably  control,  the  following 
mav  be  stated  for  the  Hand  on  the  foregoing 
basis  of  3  lb.  lime  per  ton.      Limes  containing 

a.   0-5%,    0-4%,   0-3%  carbon    should    not    be 
accepted. 
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//.   il:'      carbon  i.^  open  to  question. 

c.  0  !     .  -08    .  0  06     carbon  might  be  accepted. 

d.  004     ,0-02      carbon  should  be  satisfactory. 

e.  Less    than    002%    carbon   can    be  taken  as 

excellent. 

The  preceding  remarks  are  in  a  sense  difficult 
to  deduce,  but  possibly  others  have  data  and 
I  trust  will  go  fully  into  the  matter.  I  am  not  a 
lime  burner,  but  I  do  not  think  we  ought  to  make 
their  conditions  too  stringent.  On  the  other 
hand  I  have  investigated  numerous  samp] 
limes  and  noted  that  they  hardly  ever  exceed 
0'2     carbon. 

The  endeavour  now-a-days  is  to  make  the 
cyanide  gold  extraction  process  perfect  by  trying 
to  approximate  as  near  to  ideal  conditions  as 
possible,  and  as  every  little  helps  I  btope  this 
paper  will  be  amply  discussed,  with  particular 
reference  to  the  questions  put  forward  by  the  late 
Mr.  Wager  Bradford. 

The  President  :  It  affords  me  gnat  pleasure 
to-night  to  propose  a  heart)  vote  of  thanks  to 
Mr.  Croghan  for  the  excellent  contribution  he 
has  just  read.  Most  of  you  know  that  I  am 
specially  interested  in  drawing  up  specifications, 
and  some  of  you  will  remember  that  in  a  previous 
papei  I  -tated  that  the  buyer  should  always  be 
willing  to  Listen  to  what  the  seller  Las  got  to  say. 
That  point  1  wish  to  emphasise  to-night,  and 
Mr.  ( Iroghan  therefore  affords  me  an  opportunity 
of  seeing  what  a  man  who  ia  not  interested  in 
either  side  is  willing  to  bring  forward  as  a  basis 
for  our  acceptance.  There  is  one  thing  I  .can  say 
from  my  own  experience,  thai  ia  I  can  corrobo 
rate  the  last  paragraph  of  Mr.  ( Iroghan 's  proposals 
where  he  says  "  less  than  0  02  carbon  can  be 
taken  as  excellent."  That  I  do  agree  with.  The 
other  remarks  1  do  not  wholly  accept,  but  1  may 
take  an  opportunity  of  discussing  them  later. 
One  point  I  would  bring  forward  which  Mr. 
Croghan   introduces,  and   that   is  his  method  "I 


ing   this   carbon   on  which   gold    has    been 
precipitated.      Be   says    "Th< 
fully  dried,  burnt  in  new  scorifiers,  and  scorified 
with    20   gin.    of    gold    free    lead,     a     \>  ry    small 

ity  of  silver  being  added  at  the  same  time." 
That  I  am  not  quite  in  agreement  with.  I  am  a 
little  bit  afraid  that  Mr.  Croghan  by  using  that 
method  would  be  Losing  gold  in  a  volatile  form. 
1  mention  this  so  that  M  i  a  may  ha 

opportunity  of  trying  it  himself.  I  do  not  wish 
further  to  criticise  the  paper  to  night,  so  1  will 
ask  you  to  extend  to  Mr.  Croghan  a  hearty  vote 
of  thanks  for  the  contribution  he  has  given 
us. 

IVlr.  J.  H.  Johnson  {Mtmber) :     I  have   very 

much  pleasure  in  seconding  the  vote  of  thanks. 

Is  one  question   1  should  like  to  ask  .Mr. 

i  in  and  that  is  whether  he  has  experimented 

to    prove    that    soot     and     volatile     matter     has 

une  precipitating  effect  as  half  burnt  coal  or 

coke  would  have  on  the  precipitation  of  gold  .' 

Mr.  E.   H.  Croghan:      I  have   not    made    any 
experiments. 

IVlr.  A  Salkinson  (M  that  a 

should  be  raised  as  to  the  deleterious 
effects  of  organic  matter  coming  from  under- 
ground. 


Till-;  SMELTING  OF  COLD  PRECIPITATES 
AND  BULLION   WITH   OIL   FUEL. 

(Read  at  Jum    Meeting,   1909. ) 

By  Arthub    Yates,    M.J.M.M     (Corresponding 
Member  of  Council). 


REPLY    To    DISCUSSION. 

The  Secretary  read  the  following  reply: — 

Mr.    A.    Yates    {Cwrespmiding    Member    of 
Council)  :  The  possible  use  of  oil  for  smelting  is 

not  so  limited  as  Mr.  A.  Thomas'  statements 
might  lead  one  to  believe.  Oil  is  relatively 
cheap  win  n  compared  with  the  price.- and  heating 
qualities  of  other  Fueld,  and  i-  exceedingly 
convenient   for   transport.     W  erberatory 

furnaces  are  used  for  smelting  the  heavy  outlay 
on  them  and  the  large  number  of  crucibles  used 
is  often  overlooked.  A  tilting  furnace  is  inex- 
ve  and  capacious.  Mr  Th<  mas'  criticism  of 
thi-  life  of  the  retorts  is  in  our  case  to  some 
extent  justified,  but  1  would  ask  him  to  consider 
the  large  amount  of  selenium  present  in  the 
precipitates  ;  the  selenium  is  only  partly  removed 
by  the  a.id  treatment  and  calcination  ol  the  gold 
zinc  slimes  and  remain-  to  form  a  highly  corrosive 
matte  of  selenide  of  silver.  With  clean  precipi 
tates  the  retorts  ser\e  for    eight  or  nine  Ai. 
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an  adjacent  mine  has  used  them  twelve  and 
fourteen  times.  The  addition  of  silica  to  the 
flux  helps  to  save  the  retorts  and  improves  the 
bullion,  but  heavy  fluxing  requires  extra  time 
and  materials,  and  it  is  a  question  as  to  which 
are  the  cheaper — flaxes,  time  and  oil,  or  retorts. 
The  present  shape  of  the  retorts  does  not  lend 
itself  to  the  use  of  clay  liners  which  would 
probably  effect  a  saving,  but  I  am  pleased  to  say 
the  makers  have  offered  to  study  the  matter  both 
of  shape  and  manufacture  and  see  what  can  be 
done  to  further  increase  the  life  of  the  retorts. 


A   SKETCH    OF    THE    SMALL    CYANIDE 

PLANT   AS    ERECTED   AXD    WORKED 

IN    RHODESIA. 


(Read  at  September  Meeting,  1909.) 


By  F.  J.  Thomas  (Member). 

REPLY    TO    DISCUSSION. 

The  Secretary  read  the  following  reply  : — 

Mr.  F.  J.  Thomas  (Member):  There  is  but 
one  point  calling  for  reply  in  the  light  criticism 
to  which  my  few  notes  on  the  above  matter  were 
subjected.  I  think  few  cyanide  men  with 
experience  of  Rhodesian  mines  will  be  able  to 
accept  without  demur  Mr.  Johnston's  dictum 
that  a  slime  plant  for  the  treatment  of  the 
current  product  is  essential  even  on  a  small  mine. 
A  glance  at  the  monthly  returns,  as  published  in 
the  Rhodesian  papers,  will  show  that  the  duty  of 
many  of  the  small  mills  is  extremely  low.  Mr. 
F.  P.  Mennell  in  his  "  Miners'  Handbook"  states 
"  Two  stamps  or  a  Tremain  mill  crush  about  300 
tons  of  ore  per  month.  A  five-stamp  battery 
will  get  through  about  750  tons  a  month."  In 
practice  such  results  are  seldom  achieved.  It  is 
almost  impossible  to  arrive  at  the  actual  daily 
duty  of  the  small  mills  as  the  length  of  the 
month's  run  is  not  published,  and  there  must  be 
taken  into  consideration  many  serious  stoppages, 
some  permanent,  others  temporary,  due  to  lack 
of  labour,  water,  fuel  and  to  various  breakdowns. 
In  the  returns  of  the  mineral  output  of  a  recent 
month  of  31  days  I  note  that  only  13  out  of  5  I 
five-stamp  mills  crushed  over  600  tons.  The 
average  tonnage  of  60  mills  of  less  than  five 
stamps  was  173  tons,  whilst  the  average  tonnage 
of  the  two-stamps  and  Tremains,  taken  together, 
was  less  than  150  tons. 

Discounting  rubble  properties,  which,  as  Mr. 
Murdoch  points  out  in  his  contribution  to  the  dis- 
cussion, usually  produce  a  large  percentage  of  very 
low-grade  slime,  the  quantity  of  slime  obtained 
daily  from  the  majority  of  mills  of  five  stamps  and 


less  would  vary  from  about  6  tons  down  to  2  or  11 
tons.  To  erect  a  plant  tor  the  current  treatment 
of  such  a  tonnage  offers  no  great  inducement  to 
the  small  owner. 


FURTHER  NOTES  OX  RAND  MINING. 

(Read  'if   February  Meeting,  1910.) 

By  Tom  Jo::  n  son  (Member). 

DISCUSSION. 

The  Secretary  read  the  following  contribu- 
tion : — 

Mr.  Rowland  Gascoyne  (Member)  -.  It  is 
somewhat  disappointing  that  such  an  excellent 
paper  as  that  read  by  Mr.  Tom  Johnson  should 
be  allowed  to  pass  without  adequate  discussion. 
It  may  be  due  to  the  opinion  that,  on  the  whole, 
it  is  above  criticism,  but  Mr.  Johnson  has  not 
failed  to  criticise  Rand  methods  where  he  considers 
them  faulty,  and  I  do  not  think  he  desires  his 
paper  to  pass  unnoticed,  and  on  this  account  I 
venture  to  offer  a  few  remarks. 

Mr.  Johnson  commences  by  stating  that  "  in 
some  cases  the  roof  shows  weight  over  large  areas 
crushing  the  pillars  in  the  stopes,  the  drive  ribs, 
and  sometimes  even  the  large  safety  pillars  of  the 
shafts."  This  is  a  somewhat  wholesale  con- 
demnation of  Rand  mining  methods,  and  can  only 
be  excused  where  an  unusual  condition  of  affairs 
due  to  bad  ground  prevails,  and  it  is  obvious 
that  the  pillars  left  to  support  the  hanging  wall 
are  far  too  small,  and  providing  it  is  a  deep  level 
mine  it  is  better  not  to  have  left  any  stope  and 
drive  pillars  at  all  than  to  have  left  them  too 
small  and  weak  to  fulfil  their  requirements. 
With  regard  to  the  safety  pillars  of  the  shafts, 
there  is  much  difference  of  opinion.  Some  engineers 
in  England  being  of  the  opinion  that  in  deep 
mines,  where  crushing  of  the  shaft  pillars  are 
unavoidable  on  account  of  depth,  it  would  be 
better  not  to  leave  any  shaft  pillars  at  all,  but  no 
one  as  yet  has  had  the  pluck  to  carry  out  this 
opinion.  Naturally  in  coal  mining  this  difficulty 
presents  itself  atjnuch  shallower  depths  than  on 
the  Rand,  for  beyond  a  depth  of  2,000  ft,  in  coal 
mining  a  shaft  safety  pillar,  no  matter  what  its 
dimensions  may  be,  becomes  a  nuisance  rather 
than  a  help,  and  soon  a  source  of  considerable 
expense.  The  writer  has  managed  the  deepest 
mines  in  England,  and  in  a  fiat  mine  where  the 
shaft  was  2,200  ft.  deep  a  solid  safety  pillar, 
equal  in  circumference  to  the  depth  of  the  shaft, 
gave  endless  trouble.  In  another  mine,  where 
the  writer  was  manager,  with  a  shaft  over  3,000  ft. 
deep,  and  the  seam  dipping  1  in  3,  with  the  whole 
of  the  rise  side  of  the  shaft  solid  ground,  and  the 
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safeta^pillar  on  the  dip  side  extending  for  more 
than  half  a  mile,  there  was  still  trouble  in  maintain- 
ing the  shaft  intact  so  that  there  is  no  wonder  that 
the  suggestion  to  leave  no  safety  pillar  whatever 
for  shafts  at  these  depths  in  coal  mining  should 
receive  support  in  many  quarters,  but,  as  In-fur.' 
remarked,  no  engineer  as  yet  has  been  sufficiently 
brave  to  support  his  opinion  by  pi 

Mr.  Johnson  says  that  personally  he  likes  to 
see  incline  shafts  and  drives  out  of  danger.  It  is 
an  easy  matter  to  have  all  deep  level  drives  out 
of  danger,  but  the  write]-  would  be  glad  to  hear 
how  Mr.  Johnson  purposes  to  place  his  shafts  out 
of  danger  say  at  a  depth  of  10,000  ft.  from  the 
.surface. 

With  regard  to  the  drives  illustrated  by  Mr. 
Johnson,  in  Fig.  I.  the  writer  quite  agrees  with 
the  remarks  and  the  steps  to  he  taken  under  such 
circumstances,  but  when  mining  has  reached  such 
a  depth  tu  produce  such  conditions  in  coal  mining, 
it  is  found  best  not  to  leave  any  drive  pillars  at 
all  but  make  the  drive  as  shown  in  the   following 


figure,  and  when  the  hangingwall  has  settled  and 
practically  mel  the  loot  wall  the  drive  will  present 
a  similat  appearance  to  thai  show n  in  Fig.  1 1. 
Thereason  why  it  i-  considered  better  to  have  the 
permanent  road  abovi  seam  rather  than  under  is  to 
ensure  the  complete  burying  of  the  packs  thus 
adding  to  their  solidity  and  capability  of  regulal 
[hg  and  steadying  the  settlement  of  the  hanging 
wall. 

When  a  drive  once  reaches  the  stage  shown  in 
Fig.  1 1,  there  is  little  trouble,  as  a  rule,  afterwards. 
It  is  quite  true,  as  stated  l>\  Mr.  Johnson,  that 
with  a  tender  hanging  wall  it  is  of  the  greatesl 
advantage  to  move  the  face  on  at  the  greatest 
speed  so  as  not  to  allow  the  hanging  wall  to  break 


over,  and  the  member  who  objects  to  increasing 
the  number  of  machines  as  evidenced  in  the  last 
discussion  of  Mr.  Johnson's  paper,  on  account  of 
their  probable  had  effect  on  the  hanging  wall,  takes 
too  narrow  a  view,  and  fails  to  grasp  tin-  situation. 
It  is  clear,  from  Mr.  Johnson's  remarks,  about 
building  a  pack  with  irregular  shaped  rock,  that  he 
has  had  practical  experience  of  pack  building,  as 
only  a  theoretical  miner  wi  mid  ever  dream  of  build- 
me  otherwise.  Packs  should  be  built  so  as  to 
offer  the  greatest  resistance  to  the  subsidence  of 
the  hanging  wall,  but  anyone  who  thinks  that 
once  the  hanging  wall  begins  to  subside  that  it 
can  be  stopped  by  packing  is  making  a  huge 
mi-take.  This  can,  at  best,  only  produce  a  steady- 
ing effect. 

The  object  in  mines  of  such  a  depth  as  where, 
for  instance,  the  weight  of  the  superincumbent 
hanging  wall  is  equal  to  the  resisting  power  of 
the  reef  to  prevent  crushing,  should  be  to  advance 
the  workings  as  rapidly  as  possible  and  get  the 
hanging  wall  settled  in  the  footwall  as  quickly  as 
possible,  for  until  that  object  is  attained  there 
will  always  be  trouble. 

With  regard  to  the  system  of  breast  driving, 
suggested  by  Mr.  Johnson,  I  would  point  out  in 
some  mines  on  the  Hand,  where  conditions  are 
more  favourable,  it  might  be  more  convenient  to 
construct  the  drive  in  the  footwall  rather  than  in 
tie-  hanging  wall,  especially  when  mining  at  such 
nt' 'derate  depths  as  are  now  generally  practised  on 
the  Rand,  but  this  will,  of  course,  depend  upon 
the  underground  conditions  of  the  mine.  This 
suggestion  of  Mr.  Johnson  to  use  breast  drives  is 
undoubtedly  a  valuable  one  for  shallow  mines. 
and  besides  the  numerous  advantages,  pointed  out 
by  Mr.  Johnson,  it  has  the  advantage  of  evolving 
a  system  of  working  approaching  that  oflongwall, 
about    which   so   much  has  been  heard  lately  on 

t  he   Kami. 

With  regard  to  the  remarks  of  Mr.  Tarry  as  to 
keeping  the  hanging  in  its  proper  position  only 
adequate  pillars  can  do  so,  but  depths  will  soon 
be  reached  on  the  Hand  when  pillars  can  no 
longer  sustain  the  hanging  wall,  and  if  mining 
•  be  carried  on  at  great  depths  a  moving 
ing  wall  will  have  to  be  contended  with. and 

the  difficulties  will  then  1 vercome  onlj  either 

by  Ion-wall  working  or  bj  sand  filling,  or  perhaps 
by  the  adoption  of  both  these  methods  when  the 
underground  conditions  need  them. 

Mr.  M.  H.  Coombe  ( .!/<  ruber)  :  I  had  intended 
writing  i  small  contribution  <>n  Mr.  Johnson's 
paper,  but  owing  to  pressure  of  work  I  have  been 
unable  to  do  SO.  I  think,  however.  I  may  say  a 
few  w  >rds  bearing  on  the  sketch  in  his  paper  of 
a  combined  heading  and  stope,  and  also  his 
assumption  that  500ft.  a   month  could  be  driven 
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by  this  method        1  cross   swords    with  him  here 
and  say  it  is  ridiculous  to  assume  anything  €>f  the 
sort,  as  i  think  there  are  many  factors  militating 
against    even   normal   driving    in    a    "  breast  "  oi 
this  description.      In  the  first    place   the  limit   of 
his  speed  in  "breasting"  would   be  the  limit  of 
the  speed  made  in  the  heading,  and  the    work   in 
the  heading    would    be    seriously    interfered  with 
by  the  extra  amount  of   ground  broken  from   the 
breast  on  the  foot-wall  side    which  would  have  to 
be  loaded  from  the  rail  level.       1  say  nothing  of 
difficulties   and    cost    of    shovelling    the    broken 
ground    »y>   to    the    rail    level    from   the  low    or 
hanging  wall  side.      Mr.  Johnson   evidently  over- 
looks his  water  troubles  from  this  side  also.     The 
drilling  and  breaking  of    the   ground   in    a  con- 
necting drive  is    not    what   takes   the   time,   it  is 
the  handling    of    the    broken    rock    that    is    the 
greatest  problem  in  this   work,  and  it  appears  to 
me  that  Mr.  Johnson   would   add  to,  rather  than 
diminish,    this    difficulty    in    this    scheme    of    a 
combined  "  heading  and  breast."     His  scheme  of 
building  a  rock  pack  on  the  top  side  of  the  drive 
also   appears    to   me   to   possess   several    defects. 
With    a    reef  dipping    up    to    20°    it    might    be 
feasible,  even    then    difficult    and    time    wasting, 
but  over  25°  he  would  find  it  necessary  to  put  in 
a  "  stull "  to  support  his    "  pack,"   and  he  would 
often  find  a  goodly  section   on  his  rails  blocking 
his  work    after   blasting    in    the   face.        As    for 
bringing  rock  for  this    "  pack  "    from  other  parts 
of  the  mine,  this  proposal  seems  too  ridiculous  to 
be  seriously  entertained.     If  he  is  going  to  drive 
200ft.  a  month  he  will   find  he  has  his  work  cut 
out  to  keep  his    roads   to  the   face   clear  for  his 
"full"  and  "empties."     I  think  the  question  of 
ventilation  in  these  drives  can  be  easily  solved  by 
carrying  the    shaft  brattice   through   the  station 
and  cross   cut  into   the  drive.       For   speed   and 
general  utility  I  would  carry  a   connecting  drive 
10ft.  wide  and  in  the  centre  I  would  put  in  light 
section  pole  struts,    6ft.    centres  hitched  in  front 
and  roof  2ft.  apart,  lagged   with    light  poles  and 
filled    in    between    with    rock   broken   from    the 
face.     This  kept  to  within  50ft.   or   GOft.   of  the 
face    would     ensure    air     circulation     and      my 
"  tracks  "  would  be  laid  each  side  of  this  brattice, 
one  road  for  "  fulls  "  the  other  for  "  empties."     I 
tried  this  on  a  small  scale  in  tthodesia  and  found 
it  worked  excellently,    and   I    hope    to   have   the 
opportunity  of  trying  it  on  a  larger  scale  here  at 
some  future  time.     If  I  do  so  and  it  is  successful 
I  will  explain  it  more  fully  to  this  Society. 

Mr.   A.    Richardson    (Member  of.  Council): 

Mr.  Tom  Johnson  on  mining  is  always  interest- 
ing because  his  views  are  his  own,  and  therefore 
not  those  of  other  mining  engineers,  and  though 
some  of  his  arguments  are,  as  he  admits,  old,  the 


subject  is  still  young  enough  to  support  a    much 
greater  weight  of  discussion 

With  his  remark  that  incline  shafts  should  lie 
sunk  in  footwall  country  no  one  who  favours  safe 
mining  will  cavil,  but  that  drives  should  occupy 
a.  similar  position  is  a.  suggestion  with  winch 
mining  economists  are  not  likely  to  agree  The 
information  afforded  In  winzes  700-800  ft.  apart, 
with  some  box-holing  and  cross-cutting  added, 
would  not  lie  sufficiently  comprehensive,  as 
regards  values  and  structural  geology,  to  enable 
one  to  draw  up  a  safe  estimate  upon  which  to 
base  the  future  policy  of  the  mine  in  matters  oi 
finance,  development,  equipment,  and  so  on. 
There  certainly  would  be  no  great  objection  to 
the  driving  of  an  occasional  straight  haulage 
level  under  the  reef,  but  even  the  driving  of  this 
should  be  deferred  until  the  levels,  suitably 
spaced,  immediately  above  and  below  it  had  been 
driven  far  enough  to  furnish  reliable  data  for  its 
correct  interpolation. 

If  the  lower  Fig.  I.  is  a  true  reflection  of  the 
state  of  the  hanging  "  where  a  large  area  is  open" 
then  instead  of  putting  packs  in,  it  might  be 
advisable  to  take  the  men  out.  The  maxim  that 
a  roof  is  never  safe  until  it  is  down  is  worth  more 
than  a  passing  consideration,  and,  in  any  case, 
unless  the  keeping  open  of  a  level  is  a  vital 
matter  the  subsequent  cost  of  re-opening  it  will 
be  counterbalanced  by  the  crushed  ore  from  the 
ribs  and  the  absence  of  an  elaborate  system  of 
packing.  Nor  can  much  reliance  be  placed  on 
the  elasticity  of  our  strong  quartzite  hanging 
walls,  an  elasticity  which  does  not  approach  that 
of  the  softer  strata  overlying  coal  measures. 
Again  the  rapid  advance  adopted  with  tender 
roofs  in  long-wall  colliery  working  is  made  not 
only  for  the  purpose  of  minimising  danger  but 
very  largely  for  the  purpose  of  roof  control  in  its 
action  in  breaking  down  the  coal.  The  latter 
consideration  does  not  affect  us  here,  so,  as  the 
cases  are  different,  the  same  remedy  is  of  doubtful 
application. 

The  author  makes  some  sound  remarks  regard- 
ing pigsties,  but  as  far  as  one  can  judge  from  the 
illustrations  he  always  uses  corner  posts  in  build- 
ing them.  These  posts  are  only  necessary  with 
steep  dips,  when  the  material  might  fall  down 
the  stope,  ami  even  then  one  post  in  the  middle 
of  the  lower  side  is  often  sufficient.  Packwalls 
make  excellent  supports,  given  suitable  material 
with  which  to  build  them,  but  if  irregular  lumps 
of  waste  have  to  be  used,  as  is  generally  the  case 
here,  proper  bonding  or  bedding  is  impossible 
and  the  result  is  most  unsatisfactory.  Generall}' 
speaking  pigsties  are  preferable. 

The  author  must  have  administered  a  rude 
shock  to  the  self-complacency  of  our  record 
breakers  with  his  estimate  of  500  ft.  per  month 
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advance  of  development  faces,  and  it  is  a  great 
pity  that  he  has  omitted  all  the  humdrum  details 
upon  whirl]  his  startling  statement  is  based. 
The  confined  space  (see  Fig-  VX)  would  very  soon 
lead  to  tli-  face  being  choked  up  with  broken 
ruck,  very  little  of  which,  on  account  of  the  high 
percentage  of  tines,  would  be  available  for  pack- 
ing; the  waste  for  [lacks  would  have  to  be 
trammed  in  from  outside,  and  this  would  assist 
in  further  burdening  the  already  congested 
traffic  :  the  construction  work,  if  kept  as  close  to 
the  lace,!-  shown,  would  certainly  require  frequent 
renewal;  the  general  hurry-scurry  would  inevit- 
ably mean  that  now  and  then  some  of  the  reef 
would  be  left  behind  ;  and  the  running  of  these 
drive-Stope  faces  on  lines,  while  Nature  runs  her 
reefs  on  curves,  would  mean  that  now  and  then 
all  of  it  would  be  left  behind  :  finally,  as  far  as 
I  can  ascertain,  the  development  record  for  one 
month  stands  at  360  ft. 

Mr.  E.  M.  Weston  {Member)  :  The  author  is 
to  be  congratulated  on  the  production  of  such  a 
useful  and  practical  paper.  It  is  sad  to  -  e, 
however,  that  he  still  clings  to  some  of  his  old 
heresies.  He  still  wished  to  place  8  or  10 
machines  on  a  single  stope  face,  but  he  has  a  new 
excuse  for  the  practice  this  time,  and  it  is  that 
the  roof  will  stand  up  better.  The  objections  to 
such  a  practice  are  so  self-evident  that  they  need 
not  be  repeated. 

It  is  slowly  being  brought  home  to  the  mining 
community  of  the  Rand  that  they  have,  regard- 
less of  the  warnings  given  by  the  complete 
wreckage  of  mines  in  other  mining  fields  which 
worked  on  the  stope  and  pillar  theory  until 
disaster  overtook  them,  been  skirting  on  the 
of  a  precipice,  and  that  the  complete  tilling  of 
worked  out  stopes  must  be  adopted.  The  com 
piete  loss  of  the  Atlantic  mine  in  the  Lake 
Superior  copper  region,  despite  apparently  large 
pillars,  may  yet  have  its  counterpart  on  the 
Kami.  Accidents  due  to  the  collapse  of  pillars 
such  as  recently  occurred  on  the  Cinderella  Deep 
show  that  deep  mining  must  be  carried  on  under 
some  new  3ystem,  which  will  include  partial  and 
complete  stope  filling.  I  am  of  opinion  that  it 
will  be  found  economical  to  introduce  sand  filling 
into  deep  mines  by  tic  aid  of  low  pressure  com 
pressed  air.  afterwards  damping  the  sand  in  the 
stopes.  In  this  way  many  of  the  objections  to  the 
watei'-borne  sand  filling  scheme  will  be  avoided. 
I  hope,  if  opportunity  is  offered,  to  go  into  this 
matter  more  fully  later  on. 

Setting  Props,  The  theory  of  setting  props  a 
little  up  from  the  position,  verticil  tn  the  (lip,  is 
based  on  the  fact  that  in  the  roof  .if  the  stope  the 
vertical  force  of  gravity  dragging  the  rock  com- 
posing the  hanging  wall  towards  the  centre  of  the 


earth  i-  resolved  into  two  forces,  one  acting  per- 
pendicular tn  thi'  dip  and  one  parallel  to  the  dip. 
The  force  parallel  to  the  dip  increases  with  the 
of  dip,  and  propsareset  further  and  further 
up  hill  from  the  true  vertical  to  the  dip  to  allow 
of  a  considerable  drag  of  the  hanging  wall  down 
the  stope  before  the  prop  is  displaced,  otherwise 
it  mighl  be  displaced  before  it  takes  the  weight. 

The  author's  remarks  on  ail  eosts  and  drilling 
speeds  are.  of  course,  correct,  and  the  need  of 
them  at  this  period  only  shows  how  slow  the 
indusl  ry  is  to  appreciate  principles  of  true  economy 
which  have  been  rubbed  in  for  years. 

That  wonderful  discoveries  that  have  been  made 
by  watching  the  small  stope  drills  on  trial  at  work 
underground  is  true.  That  stoping  with  small 
machines  is  cheaper  with  efficient  labour  than 
hand  drilling,  that  the  type  of  drill  that  was 
available  years  ago  merely  required  proper  air 
pressure,  and  to  be  made  of  good  material  to  do 
this  work,  that  training  schools  underground 
should  be  started  and  that  6  ft.  holes  should  lo- 
used in  small  stopes,  all  these  some  of  us  dis- 
covered and  preached  to  deaf  ears  years  ago  in 
the  columns  of  this  Journal.  Stupe  drives  and 
breast  drives  have  been  used  for  many  years  in 
the  Lake  Superior  mines.  When  the  rei  I  is  over 
5  ft.  wide  thi'}' are  economical  :  but  not.  1  think, 
with  smaller  reefs. 


aTHE   TUBE-MILL  CIRCUIT  AND  CLASSI- 
FICATION. 


{Read  'it   February  Meeting,    1909.) 
By  G.   <  >.  Smart  (Member  of  Council). 

DISCI  SSION. 

Prof.  J.  A.  Wilkinson  (Member  of  Council) 
read  the  following  contribution  : — 

Mr.  C.  0.  Schmitt  (Member):  The  author 
ha  3  so  fully  and  ably  de  dt  with  the  main  featun  s 
of  winking  tube  mills  that  I  do  not  thir  k  1  can 
add  anything  worthy  of  note.  There  is,  however, 
onepoint  I  would  like  to  shortly  discuss.  The  tube 
mill  classifiei  shown  by  Mr.  Smart  (Fig.  ll.lhasa 
depth  of!)  ft.  which  i-  =0  much  beyond  that  found 
in  most  plants  en  the  band  that  it<  adoption  in 
existing  plants  would,  it  desired,  only  be  possible 
in  a  few  in-:  -  ;  he  totaldistance  from  centreof 

t iil».   mill  to  t«  classifier  i^  about  l<»  ft.  •'>  in., 

and  this  height  cannot  always  be  obtained  with- 
uiit  considerable  changes  to  the  pulp  eleval 
ing  plant.  To  overcome  the  difficulty  it  will  be 
necessary  either  to  reduce  the  depth  of  the  cone 
classifier  or  to  lower  the  point  of  feeding  the  pulp 
and  pebbles  to  the  tube  mill,      by  reducing  the 
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depth  of  the  cone  the  efficiency  is  liable  to  be  im- 
paired, to  feed  below  the  centre  line  of  the  tube 
mill  has  not  been  possible  with  the  feeder  shown 
nor  with  any  other  device  in  use  on  the  Rand  as 
far  a.s  1  am  aware.  I  have  designed  a  feeder  for 
both  pebbles  and  pulp  which  will  receive  these 
materials  at  any  desired  point  below  the  centre 
line  (if  the  tube  mill,  and  thus  meet  the  difficulty. 
The  illustration  (Fig.  I.)  herewith  clearly  shows 
the  application  in  a  case  where  the  outlet  of  the 
classifier  is  below  the  centre  line  of  the  tube  mill. 

Figs.  II.,  III.  and  IV.  show  an  Enlarged 
detail  of  the  new  feeder.  It  consists  of  two 
chambers  with  a  neck  or  trunnion  for  attaching 
to  the  end  of  the  tube  mill.  The  outer,  or 
receiving  chamber,  is  circular  and  communicates 
with  the  inner  or  delivery  chamber,  by  means  of 
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a  hole  of  a  size  large  enough  to  pass  the  biggest 
pebbles.  The  deli  wry  chamber  is  really  a  scoop 
which  does  not  work  in  the  ordinary  way  but 
which  is  fed  laterally  so  that  the  wear  experienced 
with  an  ordinary  scoop  feeder  is  avoided.  The 
pulp  and  pebbles  are  delivered  into  the  iuner 
chamber  by  means  of  a  vane  set  at  an  angle  suffi- 
ciently steep  to  effect  the  ready  delivery  of  any 
material.  Once  the  pebbles  and  pulp  are  in  the 
inner  chamber  they  must  inevitably  enter  the 
tube  mill,  unless  the  pebbles  are  too  large  to  pass 
through  the  hole  in  the  tube  mill  trunnion.  One 
of  the  features  of  the  feeder  is  that  pebbles  may 
be  fed  indiscriminately — which  is  not  possible 
with  other  feeders — although  the  rate  of  feed  is 
limited  by  the  capacity  of  the  tube  mill  inlet 
hole  The  tube  mills  now  in  use  generally  have 
an  inlet  hole  of  8  in.  diameter,  which  limits  the 
size  of  pebbles  to  6  in.  and  further  limits  the 
rate  of  feed  to  one  pebble  per  revolution.  The 
rate  of  feeding  pebbles  could,  with  the  new 
feeder,  be  considerably  increased  if  the  tube  mill 
inlet  hole  were  larger,  as  this  would  permit  of 
continuing  the  lifting  plane  of  the  delivery 
chamber  through  the  tube  mill  inlet  in  the  shape 
of  a  spiral.  There  seems  no  objection  to  this  as 
the  tube  mill  outlet  has  a  hole  18  in.  diameter 
and  more,  while  15  in.  would  be  ample  for  the 
inlet. 

Two  feeders  of  the  new  type  are  in  use  at  the 
Knight-  Deep,  Ltd.,  and  have,  I  understand,  been 
quite  satisfactory. 

I  may  say,  in  conclusion,  that  the  new  feeder 
has  been  provisionally  protected. 

Mr.  Fraser  Alexander  (Member  of  Council): 
Mr.    Smart    lias    opened    up  a  most   interesting 

subject,  more    particularly  so   on   account   of  the 
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growing  tendency  to  coarse  crushing  and  reliance 
on  tube  mills  to  reduce  the  coarse  particles  of  ore 
to  a  suitable  degree  of  fineness.  Now  this 
reduction  of  the  coarse  particles  is  not  the  only 
function  of  the  tube  mill,  and  in  dealing  with 
classification  of  the  pulp  requiring  regrinding  we 
are  compelled  to  take  into  consideration  that 
portion  of  finer  pyrite  responsible  for  locking  up 
as  much  or  more  gold  than  a  relatively  large  pro- 
portion of  quartz  particles.  This  comparatively 
line  pyrite  is  difficult  of  classification  in  a  large 
volume  of  flowing  pulp,  and,  in  my  opinion,  is 
more  liable  to  be  lost  in  single  stage  classification 
than  double. 

Assuming  100  stamps  crushing  800  tons  per 
day  with  about  s  tons  of  water  to  one  of  rock  we 
have  about  7,000  tons  by -volume  to  deal  with  in 
single  classification  in  place  of  60%  =  4,200at 
the  dewaterer  in  double  classification,  which  must 
allow  of  more  perfect  concentration  where  volume 
is  so  much  a  governing  factor  in  hydraulic  classi- 
fiers. If  classification  and  tube  milling  aimed 
only  at  regrinding  the  coarse  material  (say)  +60, 
then  single,  stage  classification  would  amply 
remove  by  gravitation  all  of  th  ■  coarser  material, 
but  on  these  fields  we  require  to  pass  through 
and  recrush,  if  possible,  all  of  the  +90  pyrite 
in  order  to  recover  the  maximum  gold  contents, 
and  these  fine  particles  do  not  readily  settle  in  so 
large  a  volume  as  must  necessarily  be  dealt  with 
in  a  single  cone  separator.  These  machines,  like 
the  old  spitzlutten,  are  of  limited  capacity  within 
fixed  quantities  by  volume,  and  to  force  or  over- 
tax their  capacity  is  to  court  disaster  and  loss  of 
gold  in  the  final  residue. 

The  following  analyses  will  assist  to  explain 
the  advantages  to  be  gained  from  reducing  from 
8  to  1  to,  say,  3  to  1  over  the  shaking  plates 
and  then,  reclassifying.  This  allows  first,  more 
intimate  contact  with  the  amalgamated  copper 
plates,  ami  secondly,  considerably  less  volume 
and  consequently  better  concentration  throughout 
the  whole  circuit.  These  analyses  are  from  a 
large  sample  taken  from  t00  ton  collector  tanks, 
after  the  tube  milling  and  before  and  after  the 
usual  treatment  with  cyanide.  The  separation 
was  carefully  performed  with  a  prospecting  pan, 
whilst  the  screens  used  were  approximately  of 
standard  aperture,  namely,  60  mesh,  0-010  in., 
90  mesh,  0006  in.,  150  mesh,  0004  in.  and  200 
mesh,  0003  in. 

It  is  well  known  that  sampling  from  a  hose 
tilled  tank  is  extremely  unreliable  and  the  above 
figures  prove  this,  but  the  figures  serve  their 
purpose  in  this  case.  It  is  seen  from  the  above 
figures,  that  the  liner  particles  of  pyrite  or  con 
centrate  do  not  readily  come  in  contact  with 
the  amalgamated  copper  plates,  and  the  reason  is 
probably  caused  !.\  the  rush  of  too  large  a  volume 


of  water  and  sand  over  them.  On  the  other 
hand,  the  solution  and  recovery  of  gold  from  this 
finely  ground  product  is  assured  in  the  cyanide 
works. 


Before  Treat  ment  with 

<  lyanide.   Assay  Value 

=530  dwt. 


After  Treatment  with 

Cyanide.    Assay  Value 

=0-74  dwt. 


Grading. 

Dwt. 

per  Ton. 

Grading. 

Per  cent. 

Dwt 

per  Ton. 

+  60 

=  13 

4-40 

+  60 

=  10-3 

0-84 

Sand 

9730 

397 

Sand 

99-3 

080 

Pyrite 

•J -7() 

2000 

Pyrite 

0-7 

6-6 

+  90 

32-5 

4-47 

+  90 

300 

0-70 

Sand 

97-0 

3-60 

Sand 

980 

0-64 

Pyrite 

3-0 

32-60 

Pyrite 

2-0 

3-60 

+  150 

230 

6-35 

+  150 

8-7 

1-20 

Sand 

91-2 

307 

Sand 

90-3 

0-60 

Pyrite 

8-8 

4040 

Pyrite 

97 

6-80 

+  200 

7-2 

6-40 

+  200 

7-2 

0-97 

Sand 

87-8 

2-87 

Sand 

90-0 

0-57 

Pyrite 

12-2 

31-75 

Pyrite 

10-0 

4-50 

-200 

2-4-0 

6-75 

-200 

43-2 

0-5 

Sand 

97-0 

l  ■:;:; 

Sand 

970 

044 

Pyrite 

30 

85-00 

Pyrite 

3-0 

2-50 

I  feel  it  would  not  be  out  of  place  to  describe 
here  the  tube  mill  circuit  now  in  course  of  con- 
struction at  one  of  the  crushing  units  of  the 
Crown  Mines,  which,  as  you  will  see,  differs  very 
considerably  from  Mr.  Smart's,  and  in  my  opinion 
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will   make  for    high    efficiency    in    classification, 

tube  milling,  and  amalgamation.  By  this  means 
we  propose  to  separate  all  of  that  material  in 
which  the  major  portion  of  the  precious  mel  il  is 
contained  and  without  returning  this  concen- 
trate into  the  raging  torrent  obtained  from  300 
stamps,  to  finish  the  operation  of  fine  grinding  by 
careful  classification  of  the  pulp  requiring  treat- 
ment in  tube  mills.  Mr.  Smart  only  briefly  refers 
to  the  importance  of  bringing  all  of  the  metallic 
gold  in  contact  with  the  plates,  and  I  wish  here 
to  emphasise  the  fact,  that  with  such  coarse 
crushing  as  \  in.  aperture  it  is  merely  a  waste  of 
time  and  mercury  to  attempt  the  recovery  of 
gold  by  amalgamation  at  the  lip  of  the  mortar 
box  as  at  present  practised.  At  the  same  time, 
it  is  absolutely  essential  to  good  all  round 
recovery  that  all  coarse  particles  of  gold  should 
be  won  before  entering  the  cyanide  works,  and  if 
this  is  admitted,  then  single  stage  classification  is 
not  a  sufficiently  safe  practice.  I  know  we  have 
much  to  learn  about  the  huge  machinery  now  in 
use  on  these  fields,  and  particularly  in  connection 
with  the  above  subject.  Mr.  Smart's  paper  opens 
up  one  of  many  crucial  points  in  the  metallurgy 
of  this,  our  staple  industry,  which,  frcm  the  very 
nature  of  the  work  (wet  and  dirty),  is  not  always 
performed  as  it  theoretically  should  be. 

Mr.  G.  A.  Robertson  (Member)  :  I  am  rather 
inclined  to  think  that  the  author  unduly  criticises 
the  "ordinary  wooden  pyramidal  or  V-shaped 
classifiers,"  or  otherwise  exaggerates  the  shortcom- 
ings of  this  older  method  of  classification,  and  at 
the  same  time  gives  undue  praise  to  the  method 
adopted  on  the  Simmer  &  Jack.  Having  spent 
some  time  on  each  method  of  classification  for  tube 
milling  perhaps  a  few  notes,  by  the  way,  on  the 
working  of  both  systems  may  be  of  some  interest. 

The  writer  was  engaged  at  the  starting  up  of 
the  tube  mills  on  the  Knights  Deep  mine  about 
five  years  ago.  The  method  of  classification  con- 
sisted of  the  V-shaped  type,  and  there  were  in 
all  12  underflow  openings,  three  abreast.  The 
bulk  of  the  coarse  sands  from  100  stamps  gravi- 
tated through  the  first  three  nozzles  with,  of 
course,  tin'  use  of  the  usual  water  service  gener- 
ally adopted.  The  coarseness  of  the  grades  of 
pulp  gradually  decreased  towards  the  back  row 
of  classifiers,  winch  row,  as  a  rule,  in  the  writer's 
time,  was  seldom  running.  In  regulating  the 
tonnage  to  the  tube  nulls  there  were  various 
factors  to  consider  as  our  knowledge  of  tube 
mills  in  those  days  was  not  as  good  as  il  is  now. 
The  usual  '--  in.  mesh  screen  in  the  tailings 
launder  arrested  the  bulk  of  small  pel.  1.1 
from  entering  the  classifiers,  and  there  weie  also 
affixed  the  usual  hose  and  wooden  mouthpieces, 
the  final  outflow  openings  varying  from    \  in.  up- 


wards.    Choking  of  these  nozzles  did  take  place 
but,  as  a  rule,  in  the  first  row  of  classifiers.     The 
coarser  pr  duct  falling  into  the  choked  classifier 
overflowed  to  the  next  row  and  though   naturally 
a   coarser   pulp   did  finally   overflow,    it    can    be 
readily  seen    that    the    results   would   have    been 
quite  different  had  we  been  depending  upon  one 
single   unit   per   tube  for  classification  purposes. 
There   were    times    when  the  necessary  water  for 
the  spitzlutten  was  not  available  with   the  conse- 
quent deranging  of  the  classificati  n  system.     To 
overcome   these  difficulties  Mr.   -J.    C.  -McMillan, 
the  then  battery  manager,  had   holes  cut    in    the 
last  row  of  classifiers,  just  in  front  of  the  bailies, 
from  which  turbid  water  was  available,  in  quantity 
regulated  by  the  inserted  wooden  plugs  bored  to 
different    diameters.     It    was    then    possible    by 
discarding  hoses,   mouthpieces,  etc.,  and    affixing 
larger  nozzles  for  the   underflow    from   the  classi- 
fiers to  keep  a   supply  of  classified  pulp  running 
to  the  tube  mil's  until  a  clear  water   service  was 
available.     What  is  known  as  the  dewaterer  was 
of    the    pyramidal    shape,    the    inflow    from   the 
launder  delivering  below  a  baffle  about  4  in.  from 
one   side  of  the  pyramid  and  on  the  same  angle. 
Various  devices  of  reducing  the  moisture  entering 
the    tubes    were    tried,    one    of    which    deserves 
particular  mention,  viz.,  the  rod  designed  by  Mr. 
W.  It.  Dowling.    This  device  consisted  of  an  iron 
rod  about  5  ft.  long  with   a  circular  handle,  the 
bottom    part  of  the    rod   finishing  off  in  a  cone 
6  in.  long,  the  diameter  of   the   top  part   being 
3h    in.      A    guide    bracket    was    fixed    near    the 
bottom    of    the    dewaterer    so    as    to    insure    an 
accurate  fit  for  the  reception  of  the   cone  in  the 
vertical    pipe    which    took     the  -  underflow,    the 
pulp  afterwards  delivering  to  the  tube  through  a 
horizontal  pipe.     The  device  referred  to  was  used 
both    for  the  shutting  off  of  pulp  and  regulating 
the  proportion  of  moisture  delivering  to  the  tube. 
As   a   dewaterer,    this  method  could   reduce  the 
moisture   considerably  below  what   was  required 
fur  satisfactory  lube  milling  at  that  time,  but  the 
dewaterer  was  nevertheless  liable    to    choke  and 
the  device  was  finally  discarded.     Its  possibilities 
however  appeared  to  be  considerable  if  applied  to 
the  conical  dewaterer  with    vertical   inflow    after- 
wards introduced  on  several  of  the   mines  of  the 
Rand  mines  group.      The  extra  water  used  for  the 
running  of  tin  classified  pulp  from  the  spitzlutten 
to    the    dewaterer    i  which     is   in    reality    another 
classifier)  was  all  required  for  the  shaking  tables 
and  flushing  >  if  launders. 

The  author's  method  of  classification  isasingle 
cone  with  diaphragm  for  each  tube  and,  as  In' 
point--  out,  ii   is  .  to  get  an  equal  grading 

from    each    overflow    so  as  to  obtain  maximum 
results.    \"t  so  easy  a  matter  as  it  might  at  first 
ir,  that   is.  ii'  we  are  to  consider  the  grinding 
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capacity  of  each  tube  which  varies  in  accordance 
with  the  life  of  the  liners  and  the  type  of  linei 
used,  and  it  is  much  easier  to  divide  an  already 
classified  pulp  than  it  is  to  divide  the  main  stream 
gravitating  from  its  sum  re  of  elevation.  Tin 
distribution  of  a  classified  pulp  is  also  nol  of  so 
vital  importance  as  it  is  all  again  elevated  to  the 
stage  system  or  central  classification  station  which 
is  a  constant  tor  the  full  crushing  capacity  of  the 
stamp  mill. 

The    cones   available    for    classification    by    the 

author's  method  depend  upon  the  tube  mills  run- 
ning so  that  it'  it  were  possible  that  two  tubes 
were  hung  up  out  of  six  a.  much  larger  tonnage 
has  got  to  be  delivered  to  the  other  four  cones 
because  -tamps  are  not  hung  up  when  tubes  are 
under  repairs  but  several  scree. is  are  changed  to 
a  reduced  mesh,  the  difference  in  prime  crushing 
not  being  equal  to  the  tons  passed  through  two 
tubes  on  the  Simmer  and  .lack,  viz.,  about  I  10* 
ton-  per  tube  per  21  hours.  As  to  whether  the 
author's  method  automatically  adjusts  itself  to 
the  changed  conditions  with  correspondly  good 
results  in  classification,  well,  it  is  also  possible 
thai  there  is  a  variation  of  opinion  in  this  respect. 

As  regards  the  recovery  of  gold  by  amalgama- 
tion, the  writer  might  be  permitted  to  state  that 
on  the  Knights  Central  plant  both  the  tube  out- 
lets  and  overflows  from  the  classifiers  (which  are 
of  the  type  as  illustrated  by  the  author)  are 
passed  over  amalgamated  plates,  the  overflow 
being  responsible  for  28"48  of  the  actual 
recovery.  This  figure  represents  what  is  collected 
from  the  stationary  plates  for  the  past  three 
months  and  arrived  at  from  the  mine  books, 
which,  by  request,  were  kindly  placed  at  the 
writer's  disposal.  Tin'  avi  rage  grading  analysis 
of  final  pulp,  as  far  as  the  writer  could  ascertain 
at  the  time  was  rather  better  than  the  figures 
given  by' the  author,  "1st  to  8th  January,  1910." 

A  lew  cither  pointa  from  observation  in  the 
working  of  both  met  hods  6i  cla  iification  at 
differenl  mines  may  be  summed  up  as  follows  : — 
The  advantages  of  the  diaphragm  in  the  new 
method  of  classification  are  obvious.  The  cones 
are  not  liable  to  choke,  but  they  are  not  choke 
proof,  even  with  extreme  precaul  ii 

In  order  to  get  thi  mlts    from    the    new 

method  it  is  essential  to  have  a  steady  delivery  of 

pulp  from  tin'  elevator  tO  the  cones,  but  if  the 
e|e\  atOl    hi  inpoial  \   COn\  ubiolis"  a  sudden 

rush  ma\  carrj  coarse  -and  over  the  side  of  the 
cone  and  l>  ■  lo-t    for    furthei  i  ion.      'I'he 

final  effeel  is  n  ppi eciable  in  the  old  method 

due  to  the   series   of   baffles    which    becalm    the 

stream.      The    chief    fault8  of    the  c. Id  met  hod    of 

cl  i  ification  can  be  compared  to  a  pipe  6  in. 
long  '■'•  iii.  diameter.  That  this  pipe  is  more  liable 
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to  choke  than  a  pipe  of  the  same  diameter  but 
only  y  in.  long  requires  no  explanation,  and  with 
such  effective  devices  as  the  Bayly  nozzle,  etc., 
applied  to  the  old  method  considerable  improve- 
in  operation  and  classification  are  possible. 
Several  arguments  have  been  brought  forward  by 
the  author  in  support  of  his  claims  for  the  new 
method  of  classification,  some  of  which  are 
apparenl  under  working  conditions,  others  are, 
however,  open  to  question,  but  it  is  only  n'eces  sary 
to  state  that  the  new  met  hud  is  useful  for  an  addi- 
tional installation  of  a  tube  mill  on  some  type.-  of 
plant.  Considering  the  conditions  of  some  of  our 
earlier  milling  plants  it  would  appear  to  be  a 
costly  item  to  install  these  classifiers  and  whether 
the  benefits  (if  any)  on  such  type  of  plants  would 
be  justified  either  by  way  of  an  increased  extrac- 
tion or  lower  working  costs  a  few  figures  on 
prime  cost,  etc.,  of  both  methods  might  be  useful. 
By  what  the  author  says,  one  would  gather  that 
the  old  method  of  classification,  when  on  the 
Simmer  and  Jack,  was  in  anything  but  "apple-pie" 
order  when,  "  owing  to  the  less  labour  and  atten- 
tion required  by  the  classifiers  two  men  were  trans- 
ferred to  other  work."  Be  this  as  it  may,  the 
author's  paper  will  go  a  long  way  towards  making 
others  try  to  improve  upon  their  existing  methods 
of  classification. 

Mr.  B.  V.  Blundun  (Meinber)  :  There  is  one 
point  in  Mr.  Smart's  paper  which  seem-  to  me 
open  to  comment. 

lb'  says,  "in  order  to  obtain  full  efficiency 
from  tube  milling,  it  is  necessary  that  the  tube 
mill  outflow  should  contain  a  fairly  large  propor- 
tion of  coarse  grains,  such  coarse  grains  being 
elevated  to  return  again  into  the  tube  mill.' 
Would  not  this  tend  to  choking  of  the  tube  mill 
circuit  !  [f  the  supply  from  the  classifier  is  not 
completely  ground  in  one  operation,  it  is  obvious 
that  the  quantity  fed  is  in  excess  of  the  capacity 

of  the  tube  mill.  Whatever  amount  of  mi- 
ground  s    ml  is  returned  in  the    first    cycle    of    the 

pulp  will  be  returned  in  the  second  cycle  plus  a  like 
amount,  the  amount  by  which  the  mill  falls  short  oi 
complete  grinding.  This  accumulation  w  ill  go  on 
until    the    amount    of  sand    in    the    circuit 

j  of  the  cone  capacity,  when  a  coarse  cone 

Overflow    is   inevitable.        1    fail   to  see  l|o\\    this  can 

give  the  greatest  efficiency.  It  seem-  to  me  that 
the  greatest  efficiency  would  be  obtained  if  the 
cone  overflow  contained  no  grains  larger  than 
required  for  the  final  product,  and  the  tube  out 
How  contained  none  larger  than  the  cone  overflow, ' 
that  is,  the  grinding  complete  in  one  operation. 
This  state  of  things  maj  possiblj  be  hard  to 
obtain  in  practice,  but  ; I  l  to  it 

should  give  the  greatesl  grinding  efficiency  that 
we  can  obtain. 
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THE  ASSAY  OF  TIN  ORES. 


(Read  at   March    Meeting,   1910.) 


By  Jas.  Gray,  F.I.C    (Member). 


DISCUSSION. 

Mr.   E.    H.    Croghan   (Member   of  Council): 

Before  making  any  remarks  on  Mr.  Gray's  brief 
resume  of  the  various  methods,  past  and  present, 
of  assaying  tin  ores  I  desire  to  express  my 
thanks  to  him.  It  is  not  my  intention  to 
discuss  the  processes  mentioned  since  after 
experimenting  with  most  of  them,  that  the 
method  usually  known  as  the  Pearce-Low  is 
perfectly  satisfactory  for  rapid  work  and  technical 
accuracy.  This  method  I  have  adopted  for  over 
two  years,  and  about  eighteen  months  ago  when 
some  discussion  arose  in  the  public  papers  about 
serious  discrepancies  in  tin  assaying  I  advocated 
this  process. 

Parry  is  a  very  strong  advocate  of  the  hydrogen 
reduction  method,  and  appears  to  be  prejudiced 
against  the  Pearce-Low.  He  has  recently  stated 
that  the  latter  is  satisfactory  for  low-grade  ores, 
but  fails  (through  giving  lower  results)  on  rich 
stuff.  I  have  proved  that  the  method  is  perfectly 
reliable  right  up  to  77%  tin  in  a  concentrate,  and 
wish  to  state,  as  one  who  has  a  very  large 
experience  in  tin  assaying,  that  Parry  is  abso- 
lutely wrong.  If  he  had  operated  the  method 
properly  he  could  not  have  come  to  such  a 
peculiar  conclusion.  In  regard  to  the  gravimetric 
fusion  method  with  sodium  carbonate  and  sulphur, 
with  all  due  respect  to  Parry  and  others,  though 
the  process  may  seem  tedious  and  dirty,  yet 
carried  out  correctly  it  is  extremely  accurate. 
Naturally  it  is  not  a  method  tor  daily  use,  but  in 
aoy  special  work  it  deserves  consideration.  The 
author's  remark  that  frothing  over  occurs  with 
caustic  soda  fusion  requires  the  qualification  of 
the  shape  and  size  of  iron  crucibles  employed. 
At  one  time  1  had  such  trouble,  but  this  was  not 
the  fault  of  the  caustic  soda.  To  remedy  this  1 
had  made  here  tor  experimenting  a  certain  size  of 
iron  crucible  shaped  like  a  platinum  crucible,  and 
have  since  imported  similar  ones  from  home. 
These  are  doubtless  now  in  general  use  here. 

The  author's  reference  to  Simpson's  statement 
that  it  takes  45  to  60  minutes  to  obtain  solution 
of  the  tin  ore  is  not  in  accordance  with  my 
experience.  The  fusion  is  easily  accomplished 
by  caustic  soda  within  10  minutes  which  with  a 
further  20  minutes  for  cooling  solution,  etc., 
involves  a  total  period  not  exceeding  30  minutes. 
At  this  stage  I  wish  to  question  Low's  excessive 
ratio  (<\'  caustic  soda  to  ore.  namely,  16  to  1  ;  I 
find  that  a  maximum  8  to  1  is  an  excellent  work- 


ing proportion.  Sodium  peroxide  I  employ  in 
special  cases  such  as  where  chromite  is  present, 
otherwise  caustic  soda  is  quite  satisfactory. 

In  the  Chemical  UTeios  of  August,  1908,  a 
series  of  experiments  by  Walton  and  Scholz  are 
given  on  "  The  decomposition  of  certain  minerals 
and  industrial  products  b}-  means  of  sodium 
peroxide  and  metallic  sulphides."  No  data  are 
given  for  tin  ores,  and  it  would  be  interesting  to 
carry  out  some  trials.  The  principle  is  fusion 
with  chiefly  sodium  peroxide  mixed  with  smaller 
amounts  of  zinc  sulphide,  iron  pyrites,  or 
potassium  persulphate.  It  is  stated  that  "  The 
chief  advantage  of  the  method  is  the  quickness 
with  which  decomposition  can  be  accomplished. 
The  entire  operation,  including  mixing,  igniting 
(by  a  piece  of  twine  about  an  inch  long,  soaked 
in  alcohol  or  by  magnesium  ribbon),  cooling  and 
dissolving  the  melt,  takes  approximately  five 
minutes."  Another  advantage  is  that  the  fusions 
are  made  in  nickel  crucibles,  not  platinum,  and 
only  a  slight  loss  in  weight  occurs  when  the  hot 
oxidising  nature  of  the  fusions  is  considered. 

With  regard  to  the  experiments  made  by  the 
author  on  the  influence  of  certain  impurities  on 
the  titration  with  iodine,  in  view  of  the  mode  of 
procedure,  and  the  divergency  of  the  results 
shown,  they  can  only  be  considered  as  approxi- 
mations. On  a  sample  rich  in  tin  (as  indi 
cated  by  the  author's  mixtures  for  experiments) 
these  impurities  might  be  considered  negligible, 
but  the  supposed  negligible  quantities  assume  a 
different  aspect  when  it  is  a  matter  of  reporting 
definitely  on  the  presence  or  absence  of  tin  in  ore, 
I  find  that  reduction  with  iron  nails  affects  the 
iodine  titration. 

In  the  following  experiments,  which  illustrate 
this  effect,  the  respective  quantities  of  mixtures 
were  fused  with  NaOH,  the  melt,  etc.,  dissolved 
in  sufficient  HC1  leaving  a  slight  excess,  12 
(3  in.)  iron  nails  added  and  reduction  carried  on 
for  20  minutes  after  disappearance  of  FeCl3 
colour.  A  clear  solution  was  obtained  by  filtra- 
tion through  glass  wool,  an  atmosphere  of  C0o 
being  maintained  in  the  receiving  vessel  by 
HNaCOg.  Titration  with  starch  indicator  and 
iodine  was  proceeded  with  as  usual. 

The  index  value  ol  the  iodine  was  1  c.c.  = 
"0052  gram  tin. 

(a)  1  gm.  of  a  mixture  of   75       Fe203  +  25% 

Si< '.,  required  0-2-~>  c.c.  of  iodine. 

(b)  Similarly    a   mixture   of  50       Fe2O3  +  50 

Si<  ).,  gave  the  same  result. 

(c)  0'5  gm.  quantities  oi  the  preceding  showed 

0T   to  O'l  5  c.r.   iodine. 

(d)  0'5  gm.  Fe.,03  dissolved  in   HC1,  reduced 

by    iron    nails,    etc.,    as  above,    absorbed 
0T  c.c.  iodine. 
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(e)  A  blank  experiment  with  12  (3  in.)  iron 
wire  nails  heated  with  dilute  HC1  for  about 
30  minutes,  filtered,  etc.,  tock  up  0  1  c.c. 
iodine. 

The  first  four  experiments  show  an  interference 
due  to  iron  equivalent  to  practically  0  1      tin. 

Low  in  his  book  on  technical  methods  of  ore 
analysis  takes  a  very  roundabout  way  of  making 
sodium  arsenite  for  standardizing  the  iodine.  It 
is  much  simpler  and  perfectly  accurate  to  effect 
solution  by  sodium  carbonate  according  to 
Sutton. 


SOME    EXPERIMENTS    ON    SMELTING 
TITANIFEROUS  IROX  ORE. 


(Bead  at   April  Meeting,  1910.) 


Part  II. — Furnace  Experiments. 


By  Prof.  G.  H.  Stanley  (Member  of  Council). 


the  reduction  of  the  ore.  The  furnace  wa 
little  he  could  not  possibly  get  the  time  necessary 
for  this  reduction.  In  my  experience  I  have 
found  that  to  calcine  the  ore  before  putting  it  into 
a  low  furnace  is  an  advantage.  Bad  he  calcined 
the  ore  and  then  put  it  in  he  would  have  had 
much  longer  time  to  bring  it  from  its  raw  state. 
!!'■  might  have  had  also  a  little  heating  stove  and 
tried  to  heat  tin-  Mast  with  it.  I  admire  the  way 
the  Professor  carried  out  his  work,  but  I  do  not 
admire  the  tools  and  appliances  he  had. 


THE  TREATMENT  OF  ACCUMULATED 
SLIME.    AXI)    Till-:    CJSE    <)F    FILTEB 
PRESSES  FOR  CLARIFYING  SLIME  SOLU- 
TION AND  BY-PRODUCTS. 


(Bead  at   November   Meeting,   1909.) 
By  John   I).   O'Hara  (Member). 


DISCUSSION. 

Mr.  W.  Lawrie  Hamilton  (Member)  .•  I  think 
we  are  all  indebted  to  Prof.  Stanley  for  the  work 
he  did  with,  shall  I  say,  disgraceful  appliances. 
I  think  the  Government  and  those  behind  his 
back  have  not  treated  him  in  the  way — con- 
sidering the  importance  of  the  matter — he  ought 
to  have  been  treated.  I  think  if  he  had  a  little 
money  behind  him  and  a  little  more  time  he 
would  have  shown  better  results.  If  he  could 
have  dealt  with  the  ore  in  the  way  he  would 
have  dealt  with  it  given  the  proper  facilities,  I 
thing  he  would  have  found  really  successful  re- 
sults. 1  would  like  to  say  that  the  experiments 
seem  to  show  that  he  was  not  backed  up  in  the 
way  he  might  have  been.  The  whole  experiments 
seem  to  me  to  have  been  based  on  the  practice  of 
a  foundry  for  reducing  smelted  iron  instead  of 
smelting  such  a  complex  iron  ore.  Another 
thing  was  the  difficulty  he  had  to  get  his  blasl  in. 
That,  of  course,  anyone  could  see  in  the  diagram. 
He  could  not  expect  to  have  anything  hut 
"bears"'  as  he  calls  them.  Another  thing,  a 
foundry  cupola  furnace  for  smelting  iron  is 
altogether  the  wrong  kind  of  thing  in  dealing 
with  iron  ore.  It  Leaves  this  impression  on  the 
mind  that  either  we  know  nothing  about  it.  or 
the  ore  is  so  bad  that  it  cannot  possiblj  be  'I  all 
with;  'out  I  am  confident  that  if  the  Government 
will  spend  time  and  money  and  give  him  a  blast- 
ing furnace  on  proper  lines  hi'  would  obtain  re- 
sults which  would  be  of  real  value  to  the  country. 
1  think  we  should  urge  upon  the  Government  t.> 
try  and  stop  this  linniking  way  of  doing  things. 
The  Professor  complains  of  the  time  he   had    for 


DISCUSSION. 

Mr.  J.  H.  Johnson  (Member)  :  Contributions 
to  Mr.  O'Hara's  valuable  paper  on  the  above 
subject  can  hardly  be  taken  as  criticism  so  much 
as  additions,  and  I  think  that  any  member  treat- 
ing accumulated  slime  should  come  forward  and 
add  his  experiences  to  this  paper. 

In  July,  1909,  the  Princess  Estate  A-  (!.  M. 
Co.,  Ltd.,  started  treating  accumulated  slime  in 
conjunction  with  the  current  slime.  The  plant 
consists  of  two  lo  ft.  diameter  by  1"  ft.  deep 
collecting  vats  with  3  ft.  cones,  four  50  ft. 
diameter  by  1(>  ft.  deep  treatment  vats  with  .".  ft. 
cones,  with  necessary  pumps,  etc  .  and  one  puddler 
10  ft.  diameter  for  accumulated  slime  The 
capacity  of  plant  when  erected  was  estimated  at 
1,800  tons  per  month.  We  are  now  treating  in 
the  neighbourhood  of  6,000  tons. 

The  accumulated  slime  is  transported  from 
storage  dams  by  mechanical  haulage,  dumped 
into  the  puddler,  whence  it  passes  through  spitz- 
kasten  for  separation  of  -and.  which  sand  is 
delivered  above  sun  I  settlers  by  means  of  a  .">  in. 
Morris  pump.  In  fact,  fully  7"'  ■■!  accumulated 
-lime  is  passed  to  the  head  of  sand  settlers  where 
it  combines  with  the  current  product. 

When  we  first  started  treating  we  had  difficulty 
in  getting  good  settlements  in  the  collecting  vats, 
not    only  during  collection   but   after  collection 

taking  I'll  1"  1'  I    hours    to   decant 

oil'  the  supernatant  water.     We  were  then  treat 
ing  from    l(»  to  60  tons  of   accumulated  slime  per 
charge,  and    120  to    140  tons   of  current   slime 
(charge-  running   from    ■_' I   to  28  hours).     This 
Qaturally  affected  the  settlement  in  the  first  treat- 
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merit  vats  and  also  caused  us  to  have  too  largo 
charges  to  obtain  good  extraction  (average  value 
of  charge  1.65  dwt.,  residues  0-41  chvt.,  extrac- 
tion  7333  ).  Summer  months  coining  in, 
settlement  improved,  but  the  treatment  tanks 
were  still  delayed. 

In  February  last  several  improvements  were 
installed,  viz.,  snifter  valves,  a  jet  of  air  into  the 
puddler,  and  the  temperature  of  solutions  was 
brought  up  to  90°  F.  (by  Mr.  Salkinson's  method). 
The  snifters  improved  the  dissolving  of  gold,  the 
air  jet  improved  the  settlement  in  the  collectors, 
and  the  increased  heat  of  solutions  improved  the 
settlement  in  treatment  vats  It  was  now  possible 
to  obtain  a  charge  in  shorter  time,  and  also  to 
reduce  size  of  charge.  A  charge  being  obtained 
in  15  hours  containing  nearly  50%  accumulated 
slime  (month  of  April,  1910  =  48-2%),  this 
enabled  the  haulage  to  be  worked  both  day  and 
night,  and  the  accumulated  slime  to  be  handled 
more  regularly.  Previous  to  February,  a  day- 
shift  only  was  working,  which  meant  crowding 
all  the  accumulated  slime  handled  The  cold 
weather  coming  on  in  April  again  caused  trouble 
with  settlement  in  collectors,  and  it  was  found 
necessary  to  increase  temperature  of  pulp  (especi- 
ally the  accumulated  slime  pulp)  and  maintain  it 
at  75'  to  80°  F.  A  high  alkalinity  has  also  to 
be  maintained  =  -02%  NaOH.  The  cyanide  con- 
sumption for  accumulated  slime  since  January, 
1910,  has  been  0'638  lb.  per  to"  treated, 
and  lime  19  lb.  per  ton  treated.  Costs  of 
treatment  of  accumulated  slime  have  come 
down  from  5s.  3d.  per  ton  in  July,  1909,  to 
Is.  3d.  per  ton  in  January,  1210,  and  3s.  3d. 
per  ton  in  April,  1910.  With  the  author's  con- 
tention that  a  transfer  from  one  vat  to  another 
and  back  again  being  worth  all  the  time  wasted 
in  circulating  I  quite  agree,  although  it  would  be 
interesting  to  hear  the  advocates  of  the  two 
methods  on  the  subject,  as  1  believe  there  is  a 
divergence  of  opinion  respecting  this. 

Might  1  ask  the  author  what  his  method  of 
sampling  accumulated  slime  is?  It  is  stated 
that  the  accumulated  slime  is  pumped  from 
agitators  to  tailings-wheel  (where,  presumably,  it 
joins  pulp  from  mill)  and  then  sand  present  is 
separated.  Where  is  the  sample  taken1?  Before 
entering  wheel  or  after  separation  of  sand  from 
slime?  If  in  the  former  case,  what  allowance  i  ■. 
made  for  the  auriferous  sand  present,  or  if  after 
separation  of  sand  how  are  the  products,  current 
and  accumulated  slime,  sampled  separately  so  as 
to  obtain  a  true  value  of  each?  If  the  two  pro 
ducts  are  approximately  the  same  value  it  would 
not  be  of  any  great  concern,  but  if  one  product  is 
of  much  higher  value  than  the  other  sample 
taken  before  separation  of  sand  (the  residue 
sample   of   the  two  products  having  to  be  taken. 


together)  might  cause  fictitious  extraction  to  be 
obtained,  as  the  richness  of  the  one  product 
would  be  possibly  due  to  the  presence  of  gold 
contained  in  the  sand. 

The  author  speaks  of  a  dip  sample  being  taken 
of  residues.  How  is  his  sampler  constructed  '.'  The 
pipes  at  the  bottom  of  an  Adair  Usher  vat  would 
probably  prevent  a  true  dip  sample  being  taken, 
especially  as  the  continuous  washing  would 
naturally  throw  the  heavier  products  to  the 
bottom  of  tank  and  between  the  pipes  A  sample 
taken  during  the  discharging  of  a  vat  is  apt  to  be 
lower  than  the  true  value  of  residues  owing  to  the 
dilution  of  dissolved  gold  by  the  water  used  for 
discharging.  The  sampler  used  by  me  is  an  8  ft. 
length  of  2  in.  pipe  with  a  leather  clack  valve 
(foot  valve)  and  so  constructed  that  it  will  come 
as  near  to  the  bottom  of  tank  as  possible.  A 
sketch  of  sampler  is  submitted  herewith. 


.^r 


ENDLESS   ROPE  BAULAGE. 


(Read  at    December   Meeting,  1909.) 


I'.y   II.  G.    Ka.^   (Associate). 

DISCUSSION. 

Mr.  Tom  Johnson  (Member):  At  the  March 
meeting  I  mentioned  (on  information  received 
from  the  engineei)  thai  the  pegs   in   the  jockeys 
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at  the  Rose  Deep  bad  not  been  turned  afeice  the 
jockeys  were  made.  Someof  the  members  seemed 
somewhai  doubtful,  and  stated  thai  their  experi- 
ence was  to  the  effecl  thai  the  pegs  lasted  three 
months.  What  I  stated  then  I  find  was  nol 
strictly  correct,  on  personal  enquiry  I  found  that 
some  had  been  changed  to  allow  of  the  use  of  a 
smaller  rope,  arid  the  changed  pegs  had  been  put 
in  jockeys  in  vise  in  another  haulage  using  a  suit- 
able sized  rope.  There  are  still  in  use  on  the 
tailings  dumps  some  of  the  jockeys  with  Un- 
original pegs  that  I  had  put  in  in  1905,  which 
were  made  from  scrap  drill  steel.  This  point 
should  he  of  interest  to  those  whose  pegs  wear 
out  in  three  months,  and  it  might  pay  the 
doubters  to  try  pegs  of  the  same  material  :  it 
may  save  a  few  pence. 


X<  )TES  OX  THE  Pi;  EC!  PITATIXG  EFFECTS 
OF  SUBSTANCES  CONTAINING 

VARIOUS  FORMS  OF  CARBON  AND 
CELLULOSE   ON   CYANIDE    SOLUTIONS 

CONTAINING  GOLD  AXD  SILVER. 


(Read  at  January   Meeting,   1910.) 

By  A.  J.  Clark  (Associate)  and  W.  J. 
SHAEWOOD   (Corresponding  Member  of   Council). 

DISCUSSION. 

Mr.  F.  Wartenweiler  {Associate):  In  this  paper 

the  authors  state  that  instances  have  been  reported 
where  " graphitic  "  ore  (usually  slate  or  schist) 
has  caused  precipitation.  I  would  like  to  report 
such  an  instance  which  came  under  my  observa- 
tion. 

In  the  course  of  a  metallurgical  examination  of 
a  slate  ore  containing  a  small  amount  of  carbona 
ceous   matter,   in    Eastern    Oregon,    U.S.A.,    in 
1905,  I  obtained  the  following  results  : 

The   original    ore    value   was    1    oz    gold,    and 
treated    with   a  0-25      KCX  solution  in  a  perco- 
lator,   gave    a    maximum    extraction    of    66"8    . 
Fine    grinding   did    nol    increase    the    extraction. 
Percolation  of  the  ore  after  roasting,  with  a  TO 
K.CN     solution    gave    an     extraction     of    94 "  I 
When    the    treatment    of    the    raw    ore    was    con 
tinned  with  solution  carrying  considerable  gold  in 
solution,   there  was  a   reprecipitation,    and    two 
tests  where  made  to  determine  the  amount.     In 
each    tesl    the   tailings    from  the  above  percolator 
tests  of  the  raw  on-  were  taken  and  agitated  for 
■..'I     hours    with     mill     K.CN     solution     of    known 
st rength  and  gold  content. 

Test  No  i. 
Percolator  tailings   before  agitation,  gold  $6.61 

per  ton. 
Percolator  tailings   after   agitation,    -old    $9.09 
per  ton. 


Solution  before  agitation  with  tailings,  gold  $2.32 

per  ton,  K<  'X   I  5    . 
Solution  after  agitation  with  tailings,  gold  $1.24 
per  ton,   KCN  "12     . 
Indicating  a  precipitation  of  t6'5     of  the  gold 
in  the  solution. 

Test  No   .'.  (<)n    a   different  lot  of  percolator 
tailings). 
Solution    before    agitation    with    tailings,    $4.75 

per  ton  KCX  "07%. 
Solution  after  agitation  with  tailings,  $4.12  per 
ton,  K(  N  'Q5  . 
Indicating  precipitation  of  L3*2  of  gold 
values  in  the  solution.  My  notes  do  not  give  the 
relative  volumes  of  solution,  but  contain  a  note 
that  a  large  solution  volume  had  a  tendency  to 
keep  the  gold  in  solution. 

The  meeting  then  closed. 


STOPE   MEASUREMENTS. 


(Bead  at   M«v  Meeting,   1909.) 
By  Otto  S.  Tonnesen  (Member) 


REPLY    TO    DISCUSSION. 


Inadvertently  the  illustrations    referred   to   by 
Mr.  Tonnesen  in  his  rep'y  to  the  discussion   (see 
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April  Jov,mal,  pp.  369-373)  Avere  omitted  from 
the  text.  They  are  now  reproduced  tor  the 
information  of  members. 


Contributions  and  Correspondence. 

SMELTING  GOLD  AND  SILVER  SLIME. 


On  reading  Mr.  F.  J.  Thomas'  paper  on  "The 
Small  Cyanide  Plant  as  Erected  in  Rhodesia,"  I 
am  prompted  to  send  a  sketch  and  description  of 
a  method  of  smelting  gold  and  silver  slime 
which  I  used  in  the  Hill  Country  of  Chihuahua 
some  years  ago.  Our  practice  at  that  time  in 
the  Hill  Country  was  to  smelt  in  the  standard  type 
of  furnace  using  charcoal  or  coke  as  fuel,  the  cost 
of  transport  (about  20  days  by  mule  back)  and 
the  loss  in  weight  of  the  coke  in  wear  during 
transportation  made  its  price  almost  prohibitive. 
The  disadvantages  of  charcoal  as  fuel  and  its  cost 
need  not  be  pointed  out,  but  in  addition  to  this  we 
found  ourselves  caught  in  the  midst  of  the  wet 
season  without  charcoal  and  unable  to  get 
supplied  at  any  price. 

I  conceived  the  idea  of  a  reverberatory  wood 
furnace,  and  though  the  idea  may  not  be  new,  I 
had  never  heard  of  its  application  to  this  use. 
We  had  on  hand  a  sufficient  supply  of  adobes 
(sun-dried  bricks  used  for  houses,  etc.).  The 
accompanying  sketch  is  self-explanatory,  and  is 
one  I  sent  to  a  friend  who  had  heard  of  our 
success  with  it  at  La  Republica  M.  Co.,  and 
wished  to  install  one.  Its  success  was  instanta- 
neous. We  obtained  a  very  hot  fire  in  a  short 
time,  and  did  quick,  clean  and  cheap  work.  Fuel 
used  was    "  white   pine  "   or   a    white  scrub  oak 


locally  called  "  Enceno  Blanco."  I  believe  this 
method  has  been  adopted  under  similar  conditions 
in  several. good  sized  mines  in  Chihuahua  with 
decided  success.  We  were  shipping  about 
45,000  oz.  of  fine  silver  per  month  when  I 
installed  tins  furnace.  Possibly  there  may  be 
places  in  Rhodesia  where  this  could  be  made  a 
money  saver. 

Yours  very  truly, 

A.  L.  Blom field  (Associate). 
Golden  Cycle  Mining  Co., 

Colorado  Springs,  Colo.,  U.S.A., 
March  16,  1910. 
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METALLURGY. 

Permanent  Expansion  of  Cast  Iron  under 
Moderate  Temperature. — "  Id  May,  1909,  Crane 
Co.  made  two  straight  bars  of  cast  iron,  ]  3,  in., 
accurately  machined  The  following  results  were 
obtained  :  — 


Inch. 

Inch. 

Original  len 

U'tlis     ... 

18  336 

23  382 

Gain 

in  live 

weeks 

u  ::■_•:.  ... 

003 

■1 II  IS 

Gain 

in  thii 

i  \  days 

at  (KM) 

•14.-> 

•177 

( lain 

in  thii 

ty  days 

at  (iim 

•014 

•i  128 

Final  lengths    ...  ...     18-498    23595 

The  permanent  expansion  at  a  temperature  of  ."V-'.V 
(equivalent  to  82  lb.  steam  pressure)  was  very  small, 
but  at  600:  it  equalled  in  sixty  days  -104  in.  per  foot 
on  both  bars,  which  is  an  extraordinary  amount. 

The  measurements  were  taken  with  the  greatesl 
care  and  carefully  checked.  Further  experiments 
along  this  line  of  investigation  are  being  conducted." 
—The  Valve  World,  Nov.,  1909,  p.  426.     (H.  A.  W.) 
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Kami  Metallurgical  Practice. — '«'  At  the  time 
it  was  decided  to  proceed  with  the  construction  of 
the  Benoni  Consolidated  Reduction  Plant,  the  prin- 
ciple of  double  stage  crushing  by  means  of  the  heavy- 
weight stamp  plus  tube,  mill  combination  introduced 
by  i>!'.  Caldecott  liad received  almost  universal  con- 
firmation from  all  the  leading  engineers  on  the  Rand. 
And  this  was  not  merely  aca  I emic  confirmation  only, 
hut,  what  was<  f  far  greater  importance,  confirmation 
of  i  In'  practical  sort  involving  the  alteration,  wher- 
ever possible,  of  existing  reduction  plants  from 
single  stage  to  double-stage  crushing  and  the  di 
ing  of  all  new  reduction  plants  for  the  neWmethod 
of  treatment. 

1  must  confess  that  1  was  at  first,  to  souk'  extent, 
led  away  by  this  universal  enthusiasm  for  the  new 
method,  especially  as  it  had  been  brought  forward 
and  vouched  tor  by  a  metallurgist  of  Dr.  Caldecott's 
eminence  and  experience  after  a  long  series  of  experi- 
5  especially  devised  and  superintended  by  Dr. 
Caldecott  himself  to  test  the  truth  of  the  principle 
involved.  As  the  new  method  had  then,  moreover, 
received  the  practical  confirmation  of  every  engineer 
of  any  standing  on  the  Kami.  I  accepted  Dr. 
Caldecott's  conclusions  without  reserve  and  consented 
to  the  adoption  of  the  principle  of  double-stage 
crushing  on  the  Benoni  Cold  Mine. 

The  plant  was  designed  on  the  lines  that  the 
investigations  of  the  Mines  Trials  Committee  have 
conclusively  proved  to  result  in  the  attainment  of 
the,  in  the  light  of  our  present  knowledge,  highest 
obtainable  mechanical  efficiency  of  both  stamp  and 
tube  mill. 

These  investigations  have  shown  that  the  lov 
of  crushing  with  light-weight  stamps  through  line 
mesh  screening  is  more  nearly  approached  in  double- 
stage  crushing  as  the  weight  of  the  stamp  approaches 
the  maximum  and  the  coarseness  of  the  battery 
screening  increases.  And  that  it  is  with  interme- 
diate weight  stamps  and  screens  of  medium  mesh 
that  the  mechanical  efficiency  of  the  double-stage 
crushing  unit  falls  so  tar  below  that  of  the  light- 
weight stamp,  and  that  the  cost  of  crushing  by  the 
double-stage  method  compares  most  unfavourably 
with  the  cost  of  single-stage  crushing. 

Fully  realising  this.  1  advised  the  erection  of 
stamp-  of  2,000  lb.  weight  and  the  adoption  of  the  4- 
mesb  screening,  and,  of  course,  calculated  the  number 
of  tube  mills  necessary  to  deal  with  the  estimated 
output.  Dr.  Caldecott's  remark  that  the  number  of 
stamps  and  tube  mills  shows  a  'ratio of  fewer  stamps 
per  tube  than  are  in  operation  in  any  other  plant  on 
the  Kand.'  with  its  implied  sarcasm  is  surely  uncalled 
for,  as  no  one  can  know  better  than  Dr.  Caldecott 
himself  that  the  ratio  of  -tamps  to  tube  mill  is  not  a 
fixed  one.  but  is  dependent  on  the  duty  of  the  stamp, 
the  coarseness  of  the  battery  screening,  and  the 
desired  fineness  of  the  final  pulp. 

A  2,000  lb.  stamp  crushing  through  4-mesh  screen- 
ing has  a  duty  of  20  ton.-,  the  pulp  containing  about 
75  of  +90  product,  and  a--  a  standard  22ft.  tube 
mill  has  an  output  of  about  250  tons  per  day  grinding 
to  a  final  pulp  containing  not  more  than  Ki  of  60 
it  can  be  easily  calculated  that  the  ratio  decided  on 
is  the  right  one. 

Although  1  advised  the  adoption  of  the  principle 
of  double-stage  crushing  at  the  Benoni  Consolidated, 
I  at  the  same  time  kept  a  very  close  watch  on  the 
reduction  costs  of  those  mines  that  had  adopted  this 
new  method  of  reduction,  and  as  month  by  month  I 
saw  no  decrease  in  these  figures  that  could  be  put 
down  as  due  to  this  new  method  of  treatment,  and  as  1 
-aw.  moreover,  .that  the  working  costs  at  New  Klein - 


fontein,    which    still    adhered    to    the    old    method    of 

stage  crushing,  compared  most  favourably 
with  the  working  co-is  on  the  mine-  that  bad 
followed  where  Dr.  Caldecott  had  led.  it  became 
daily  more  and  more  apparent  to  me  that  the  claims 
put  forward  by  the  advocates  of  the  tube  mill  were 
not  being  fulfilled  in  actual  practice. 

To  confirm  this  supposition  I  had  very  accurate 
estimates  made  of  the  comparative  capital  expendi- 
ture involved  in  the  two  methods,  ami  had.  at  the 
same  time,  a  careful  analysis  made  of  all  available 
figures  bearing  on  the  tunning  and  maintenance 
of  the  two  types  of  plant,  with  the  result  that 
I  v.a-  reluctantly  (reluctantly,  a-  1  had  hoped  that 
we  were  on  the  eve  of  great  economic  improvements 
in  milling)  compelled  to  come  to  the  conclusions 
stated  in  my  contribution  to  the  discussion  on  Dr. 
Caldecott'-  paper  on  'The  Development  of  Heavy 
Gravitation  Stamps.'  which  conclusions  have  been 
subsequently  confirmed  by  the  results  so  far  arrived 
at  in  the  investigations  at  present  being  carried  out 
at  New   Kleinfontein. 

Unfortunately  the  design  and  construction  of  the 
Benoni  Consolidated  plant  i-  so  far  advanced  that  it 
is  practically  impossible,  without  heavy  financial 
loss,  and  great  delay,  to  revert  to  the  old  method  of 
single-stage  crushing. 

I  do  not,  however,  anticipate  that  the  adoption  of 
double-stage  crushing  at  Benoni  will  seriously  in- 
crease the  working  costs  on  that  mine  a-  compared 
with  what  the  working  costs  might  ha\  e  been  expected 
to  have  been  had  the  old  method  of  single-stage 
crushing  been  adhered  to,  as  the  plant  has  been 
ned,  a-  1  have  already  explained,  to  allow  of  the 
maximum  known  efficiency  of  both  the  stamps  and 
tube  mills  being  obtained.'" — E.  J.  Way. — South 
African  Mining  Journal,  April  30,  1910,  p.  255. 
[A    Mi  A.  J.) 


Treatment  of  Slime.  — *  'The  complexities  attend- 
ing the  treatment  of  slime  all  hinge  upon  that 
peculiar  property  by  which  finely  divided  solid 
particle-  in  suspension  acquire  a  virtual  specific 
gravity  that  i-  less  than  their  normal  specific  gravity, 
and  a-  a  result  of  which  they  will  not  readily  pa- 
out  of  suspension.  The  meaning  of  this  property  is 
dynamically  just  a-  unproven  as  is  the  nature  of  the 
all-pervading  link  between  particles  of  matter,  and  a 
branch  of  metallurgy  >o  intimately  connected  with  a 
subject  so  little  understood  may  well  be  approached 
with  hesitation. 

Lodge  tells  us  that  the  great  force  in  nature  i-  the 
vis  a  tergo.  Let  us  .-tart  with  this  assumption  and 
consider  our  subject  from  the  point  of  view  of  an 
impelling  force  retarded.  To  borrow  an  example 
from  the  same  authority,  the  front  end  of  a  steel  bar 
must  be  pulled,  before  the  vis  a  t>  r<j<>  impels  the  hind 
end  to  follow.  Evidently  there  is  an  obstacle  to  the 
fiee  settlement  of  slime,  and  it  is  reasonable  to 
assume  that  it  would  be  better  to  remove  this  obstacle 
rather  than  adopt  methods  of  separation  that 
postulate  continued  suspension.  To  such  engineers 
as  might  consider  that  the  complexities  attending  the 
practice  of  vacuum  filtration  are  unduly  great,  or 
that  the  method  leave-  something  to  be  desired,  a 
description  of  a  plant  recently  erected  at  the  Queen 
mine,  in  the  sheep  Creek  district  of  British  Columbia, 
will  be  of  interest. 

This  plant  is  the  outcome,  on  a  working  scale,  of 
experiments  the  aim  of  which  was  to  apply  the 
principle  known  a-  acceleration  of  settlement,  due  to 
the  remo\ al  of  line  slime  a-  it  settles  This  accelera- 
tion   wa-  fust   noticed  by  me  when  making  attempts 
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to  withdraw  settled  slime  by  means  of  a  conveyor 
from  t'nc  bottom  of  a  tank  in  which  a  c*fiarge  had 
been  collected,  and  the  effect  upon  the  rate  of  settle 
ment  was  so  surprising  as  to  encourage  the  idea  of  a 
continuous  process.  This  object  li  is  now  been 
achieved,  for  the  plant  herewith  illustrated  treated 
pulp  at  the  rate  of  LOO  tons  of  dry  slime  per 24  hours. 

The  main  feature  of  the  process  is  t  he  agglomeration 
of  slime  upon  the  belt.  It'  the  settling  slime  be 
withdrawn  without  interfering  with  the  progress  of 
settlement,  the  increased'tendency  of  solids  to 
out  of  suspension  is  so  marked  that  this  agglomeration 
permits  the  withdrawal  of  the  solid  particles  out  of 
the  pulp  in  a  compacl  form.  The  device  required  to 
facilitate  the  operation  is  found  in  a  conveyor 
t  ra\  ellingup^  an  I  at  an  angleof  about  18  at  the  rateof 
4  to  li  ft.  per  minute.  The  inclination  and  speed 
vary  with  the  character  of  the  slime  handled,  and 
may  be  adjusted  in  accordance  with  the  ultimate 
purpose  of  the  separation. 

Before  proceeding  further  it  may  1"-  well  to  consider 
for  a  moment  the  explanation  of  this  acceli 
settlement.  It  may  be  taken  as  an. axiom  that  the 
greater  the  concentration  of  solid  matterin  suspi 
in  a  liquid  medium,  the  slower  is  the  rate  of  settle- 
ment :  therefore,  apart  from  any  other  factors 
affecting  settlement,  the  suspended  solids  constitute 
in  themselves  an  element  of  retardation,  or,  in  other 
words,  retardation  of  settlement  is  largely  due  to  the 
mutually  re  pell  an  1  action  of  the  solid  particles. 
Accepting  this  fact,  let  us  consider  it  in  connection 
with  three  imaginary  layers,  A,  I!,  and  C,inapartly 
settled  pulp.  As  between  these  three  layers  there  is 
an  upward  force  acting  from  A  to  1!.  and  again  from 
H  to  ( ',  and  downward  forces  acting  from  C  to  B  and 
1»  to  A  :  so  that  as  far  as  B  is  concerned,  apart  from 
the  force  of  gravity,  it  is  in  equilibrium.  If  the  layer 
A  is  removed  the  upward  force  A  to  15  is  removed 
and  the  layer  V>  is  free  to  settle,  or  is  '  free-settling.' 
The  essentia]  factor  is  the  removal  of  the  bottom 
layer  and  the  withdrawal  of  each  lowermost  solid 
particle.  Thus  a  movable  bottom  to  the  settling-tank 
is  implied.  There  is  a  wide  difference  between  the 
physical  state  of  the  settled  particle  and  that  of  the 
one  still  partly  in  suspension  above  it  ;  t  has,  a  scraper 
working  over  the  bottom  of  a  tank  and  dragging  out 
thickened  pulp  is  performing  a  different  funct  ion  from 
that  of  a  com  eyor  removing  settled  slime. 

Many  different  cla  ses  of  slime  have  been  treated, 
from  finely  ground  hard  quartz  to  pure  clay,  hut  a 
discharge  that  is  lumpy  can  be  obtained  in  all  case-. 
The  tank  is  essentially  a  well  or  trough  set  at  an 
angle  of  Is  ,  in  and  out  of  which  a  conveyor-belt  -  ft. 
wide,  having  flanged  sides,  travels  over  it  in.  n 
The  side-,  of  this  trough  are  vertical  and  are  24  in. 
high  :  over  them  is  built  a  long  settling-tank,  which 
at  its  wide  and  deep  i'n<l  (over  the  lower  roller) 
extends  to  a  height  of  6  ft.  above  the  trough.  This 
settling-tank  is  divided  into  partitions,  ami  nowhere 
are  the  sides  at  a  less  angle  than  65°.  The  lower 
roller  is  set  in  the  well  or  trough,  which  is  closed  at 
the  rear  end.  and  revolves  in  1  »<  -;i  i  i  1 1  l:  s,  with  stuffing- 
boxes  and  removable  bushings.  The  head  roller  is 
set  on  bracket  s  at  such  a  height  above  the  horizontal 
top  of  bhe  trough  as  to  allow  of  an  upward  travel  of 
8  ft.  above  t  he  surface  of  the  pulp.  An  arrangement 
of  sand- filters  set  in  the  tank  itself  allows  the  solution 
io  he  removed  From  near  the  surface  (where  the  pulp 
is  naturally  thinnest)  to  lie  delivered  clarified  by 
mean-  of  a  vacuum  pump.  The  sand  liter  i-  -el  in 
circular  I  rays  of  2  ft.  diameter,  with  6  in.  sides,  the 
top  and  bottom  being  made  of  line  screening,  which 
i-  placed   upon  the  top  of  an  inverted  cone,  to  the 


bottom  of  which  the  vacuum  hose  is  attached.  A 
simple  mechanism  attached  to  the  driving-shaft  per 
mits  a  reversal  of  the  vacuum  once  ey  cry  tv  o  minutes, 
when  a  slight  flow  of  solution  is  delivered  under  low 
pressure,  cleansing  the  -and  of  the  -lime  that  has 
been  sucked  down  into  it  Thus  conl  inuou-  operation 
is  rendered  possible.  These  internal  filters  are  not. 
however,  essential  to  the  process.  The  solution  may 
be  drawn  off  unrlarified  from  the  top  of  the  settling- 
tank  ami  passed  through  ordinary  sand-filters,  which 
can  he  periodically  cleaned  without  the  use  of  a 
vacuum  at  all. 

The  pulp  is  delvered  al  the  rear  end  of  the  tank, 
and  the  solid  -lime  set  t  line  out  of  suspension  deposits 
itself  upon  the  belt  and  i-  thereby  drawn  out  of  the 
pulp.  The  slime  falls  and  is  washed  off  the  belt  by 
a  spray  into  a  hopper,  through  which  it  is  discharged 
into  a  -mall  air-lift  agitator,  to  emerge  as  a  continu- 
ous stream  of  thoroughly  disintegrated  pulp.  This 
settling  action  underlies  the  practical  application  of 
tiie  method.  At  the  rate  of  Inn  tons  of  dry  material 
pei-  day  a  ribbon  of  thick  slime  1 ',  in.  deep  i-  remoA  ed 
on  the  belt,  which,  by  the  time  it  reaches  the  head 
roller,  contains  no  more  than  ~2~  .z  moisture. 

The  feed  for  this  plant  was  taken  from  the  tailing 
of  a  20-stamp  mill  after  passing  through  a  hydraulic 
classifier.  The  whole  overflow  passed  100  mesh,  and 
70  passed  200  mesh.  This  overflow  was  elevated 
by  a  centrifngal  pump  to  two  ('allow  thickening 
tanks,  from  which  the  discharge  (thickened  to  15 
-olid)  was  inn  direct  to  the  settling-tank. 

la  order  to  obtain  a  discharge  sufficient  to  demon - 
•  iite  the  capacity  and  mechanical  efficiency  of  the 
plant,  tiie  washed  pulp  from  the  air-lift  disintegrator 
at  the  head  of  the  belt  was  also  returned  to  the 
centrifugal  pump  and  was  elevated  by  it  to  the 
thickening-tanks.  In  this  way  any  desired  flow  was 
obtainable,  and  in  order  to  give  the  plant  a  thorough 
trial,  a  continuous  run  was  made  for  30  hours, 
han  Mine'  at  the  rate  of  140  tons  of  dry  -lime  per  "-'-I 
hours.  In  this  case  t  he  machine  was  ovei  loaded  and 
a  certain  amount  of  the  -lime  layer  being  discharged 
by  the  hell,  -lipped  off  the  side-  and  hack  int'i  the 
tank.  This  was  done  purposely  in  order  to  try  the 
efficiency  of  the  means  adopted  for  keeping  the  tank 
free  of  accumulating  slime.  The  method  i-  simple. 
Two  -_'in.  pipe-  are  run  through  the  cover  of  the 
trough  at  the  rear  end.  ju-t  behind  the  lower  roller, 
to  within  three  inches  of  the  bottom;  the  top  of 
these  2  in.  pipes  extends  into  a  small  box  built  upon 
t  he  top  of  the  wide  end  of  t  he  tank,  through  which  a 

hole  is  hnied.  The  top  of  the  pipes  is  l,elow  the 
surface  of  the  pulp  in  tin'  tank.  A  lit  tie  air  admit  ted 
a  I  the  hot  torn  of  t  he  -J  in.  pipes  by  two  .'.  in  pipe-  is 
sufficient  to  cause  a  slight  continuous  upward  current , 
which  has  the  effect  ol  preventing  any  accumulation 
of  slime  on  the  hottom  of  the  tank  without  interfer- 
ing with  the  deposition  upon  the  belt,  and  it  was 
found  after  the  30  hours'  trial  that  the  bottom  of  the 
lank  was  perfectly  free  from  -lime. 

The  -ides  of  the  trough  were  made  of  wood  3  in. 
i  hick,  and  all  the  rest  wa-  •_'  in.  thick  :  the  bearings 

for    the    roller-    were    castings     dolled     down     to     the 

supporting  6  by  sin.  timbers,  upon  which  the  tank 
rests.  The  belt  was  a  t-ply  rubber  belt,  2  ft.  wide, 
having  flanges  If  in.  high.  These  flanges  are  mu 
necessary,  but  were  adopted  in  the  i'n-t  pant  as 
being  more  sal  isfaetory.  The  cost  of  this  plant,  apart 
from  the  power  and  vacuum-pump,  did  not  exceed 
£150.  A-  may  be  judged,  the  power  consumed,  and 
applied  to  the  roller  by  worm  gearing,  was  slight  ; 
■_•  h.p.  was  sufficient  to  run  all  the  machinery. 
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The  plant  was  used  only  as  a  dehydrator,  and  to 
demonstrate  the  handling  of  a  sufficient  and  con- 
tinuous flow  of  pulp,  but  the  disintegrating  and 
washing  air-lift  agitator  was  also  used,  looking  to 
applicability  of  the  process  to  cyanidation. 
This  leads  to  a  consideration  of  the  relative  meritsof 
displacement  and  dilution  washing.  Aside  from  any 
doubl  as  bo  the  perfection  of  washing  obtainable  by 
known  displacement  methods,  the  main  feature  of 
decantation  practice  is  the  dependance  upon  calcula- 
tions as  to  the  extent  to  which  washing  by  dilution 
is  effected.  And  in  the  case  of  a  continuous  process. 
this  advantage  is  mure  pronounced.  The  accompany- 
ing flow  sheet  will  indicate  the  manner  in  which  the 
method  may  lie  applied  in  the  case  ot  an  ore  crushed 
in  cyanide  solution. 

The  process  of  treatment  suggested  in  connection 
with  washing  the  slime  off  the  belt  may  also  be 
gathered    from    the   following    example    of    an    ore 

7?     ■ 


crushed  in  water,  re-ground,  and  passed  to  Pachuca 
agitators.  Between  the  crushing  or  grinding 
machinery  and  the  agitators  there  would  be  a  slime- 
settler  to  act  as  a.  simple  dehydrator,  and  lie-  dis 
charge  would  he  washed  off  the  belt  with  strong 
cyanide  solution  and  elevated  to  the  agitators 

In  such  a  case  there  may  be  100  tons  of  ore  and 
600  tons  of  water,  or  7<>o  tons  of  pulp  going  to  the 
first  settler  for  dehydration.  The  belt  in  this  set  t  ler 
discharges  pulp  having  27%  moisture.  Therefore, 
from  this  first  dehydration  there  would  he  100  tons 
of  slime  and  37  tons  of  water,  or  137  tons  of  pulp 
going  to  agitators. 

l'[i  to  this  point  700  137  563  tons  of  water  has 
been  returned  to  the  batteries.  The  137  tonsofpu'p 
going  to  the  agitators  is  made  up  to  a  consistency  of 
•_'•">  xdids  by  adding  300-37=263  tons  of  strong 
solution.  Thus  -263  tons  of  strong  solution,  plus  K57 
tons  of  pulp,  or  400  tons  of  cyanide  pulp,  eventually 
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jjo  to  the  iii>L  separator.     From  this  first  separation, 
discharged    100  tons  of  slime  and  -'17  tons  of  gold, 
cyanide  solution,  making  137  tons  delivere  I  from  tli 
ttor. 

Up  to  this  point,  tOO  137  =263  tuns  of  strong 
solul  ion  of  a  value,  say,  of  3  dvvt.  pur  ton,  containing 
altogether  789  dwe,  has  been  recovered  and  passed 
through  zinc-boxes,  and  thence  t  ■  >  the  strong  cyanide 
vat.  The  discharge  from  this  first  separator,  namely, 
hut  tons  slime  and  ;!7  ions  of  gold  cyanide  solution, 
containing  3  dwt.  per  ton  equal  to  111  dwt.,  is  washed 
off  the  belt  with  barren  precipitated  solution,  pro- 
ducing ;i  ratio  of  solution  to  solids  of  6  :  1.  The 
amount  of  barren  solution  added  then  is  600  .'17  563 
tons  of  weak  solution,  producing  eventually  600  con- 
taining 111    Iwt.  gold,  equal  to  0*185  dwt.  per  ion. 

We  ihus  have  70  >  tons  of  pulp  with  weak  solution 
going  to  the  second  separator.  From  this  separator 
the  discharge  is  again  LOO  tons  slime  and  :>7  tons  of 
weak  solution  at  0*185  dwt.  per  ton.  Thus 6*85 dwt. 
gold  is  going  to  waste. 

1  p  to  this  point,  700-137-563  tons  of  weak 
solution  of  a  value  of  0*185  dwt.  per  ton,  or  a  total  of 
104*15  dwt.,  has  been  recovered  and  returned  to  the 
weak  zinc-boxes  and  thence  to  the  weak  cyanide 
storage-vat.  Assuming  now  that  the  original  ore 
was  of  a  value  of  10  dwt.  per  ton,  and  that  90% 
extraction  was  obtained  from  the  solid  slime,  the 
total  loss  from  100  tons  is  LOO  dwt  not  extracted, 
plus  6*85  dwt.  not  dissolved,  or  106*85  dwt.,  which 
gives  ;i  total  loss  of  10*69%,  or  a  total  extraction  of 
89*31%.  Of  the  900  dwt;-gold  in  solution  we  have 
then  a  total  loss  of  0-8f>  dwt.  or  about-  |%. 

It  will  he  seen  that  there  is  no  accumulation  of 
solution." — H.  G.  Nichols. — Mining  Magazine,  Nov. 
1900,  p.  221.     (J.  A.  W.) 

MINING. 

Ventilating  System  at  the  Comstock  Mines, 
Nevada.  "This  paper  by  the  Professor  of  Mining 
and  Metallurgy  at  the  University  of  Nevada  deals  in 
extenso  with  this  subject,  under  the  following 
heads:  I.  Temperatures  (surface,  underground, 
mine  workings.  2.  Ventilating  system  (a)  in  general, 
(6)  in  detail.  3.  Measurement  of  ventilating  currents, 
(a)  temperature  (b)  velocity.  4.  Cost  and  operating 
expense.  5.  Underground  humidity.  6.  Control  of 
humidity  and  heat.  7.  Physiological  effeel  of  work- 
ing in  high  tempera! ure  and  humidity.  8.  Appendix 
by  Professor  Frandsen. 

The  ventilation  of  metalliferous  mines  has  received 
but  little  attention,  and  comparatively  few  data  are 
available.  The  literature  of  coal-mining,  on  the 
other  hand,  is  replete  with  data  of  mine-ventilation, 
the  topic  being  one  of  considerable  interest  even  at 

the  present  ti In  coal  mines,  ventilation  has  for 

its  principal  object  the  removal  of  explosive  gases. 
To  accomplish  this,  fans  are  generally  employed  to 
force  into  or  exhaust  from  a  mine  large  volumes  of 
air.  In  metal-mining,  while  occurrences  of  gases  are 
nut  infrequent,  the  volume  of  gas  encountered  is 
usually  so  small  as  to  he  unimportant,  and  it  is 
generally  non-explosive.     In  these  cases  the  purpose 

of  the  ventilating  current   is  to  supply  pure  air  to  t  he 

miners  in  the  different  working-places,  and  to 
remove  the  gaseous  products  of  blasting.  In  but 
few  instances  ha  -  t  he  vent  ilat  ing  cm  rent  to  perform 
the  additionol  function  of  cooling  the  mine-workings. 
In  most  metal-mines  ventilating-currents  are  estab- 
lished by  1  he  use  of  two  shafts,  one  an  upcast,  the 
other  a  down-cast.  The  natural  elevation  of  the 
ground  temperature,  due  to  increased  depth,  is  relied 

upon  to  warm  the  air  sufficiently  to  start  an    upward 


current.  A-  ■  i  - j •  i  i i  i-  attained,  the  average  tem- 
perature of  the  ascending  current  i-  raised  and  the 
ventilating-efficiency  of  an  upcast  shaft  incn 
Pans  and  air-pipes  are  used  for  the  vi  ntilation  of 
pits,  -hafts,  and  dead-ends,  hut  are  seldom  used  for 
tic  general  ventilation  of  a  large  mine  The  Com- 
stock mines  furnish  an  excellent  example  of  tin-  use 
of  natural  ventilation  foi  providing  a  current  of 
sufficient  volume  partly  to  overcome  abnormal 
conditions.  Thai  natural  ventilation  is  insufficient 
and  not  controllable  enough,  is  evidenced  bythefact 
that  a  i  t  he  present  time  one  large  fan  is  in  opeial  ion 
and  another  is  being  erected.  Ventilation  by  small 
fans  is  also  verj  largely  used  to  supplemi  nt  tin 

of  the  sh  ills. 

Ii  is  impossible  to  give  an  abstract  of  the  measur- 
ing instruments  ami  measurements  made,  ami  for 
tlies'  the  original  paper  must  be  consulted.  The 
physiological  effect  of  working  in  high  temperatures 
and  humidity  is  discussed  fully,  I  he  opinions  of  Le 
Neve  Foster,  Eliot  Lord,  Haldane,  and  Thomas, 
and  Church,  being  quoted,  the  main  facts  brought 
out  by  these  observers  being  that  high  temperatures 
and  humidities  cause,  under  some  conditions,  a 
notabie  rise  in  body-temperature  ;  that  all  the  bodily 
organs  with  the  exception  of  the  slomach  are 
stimulated;  that  prolonged  exposure  to  such  con- 
ditions undoubtly  lowers  vitality  :  that  intermittent 
exposure  produces  no  permanent  ill-effects  :  that 
these  conditions  cannot  be  considered  an  important 
cause  of  Lung-diseases  ;  and,  lastly,  that  under 
abnormal  conditions  loss  of  mi  ntal  control  and 
serious  bodily  disturbances  result. 

Local  physicians  slate  that  the  average  life  of  the 
('onistock  miner  approximates  25  years,  and  that  the 
miners  do  not  show  any  greater  susceptibity  to  any 
particular  disease  than  the  residents  of  the  town. 
The  author  states  he  is  acquainted  with  miners  w  ho 
have  worked  more  or  Less  continuously  underground 
for  3d  years,  and  who  are  still  capable  of  doing  a  good 
day's  work.  Compared  with  miner- of  other  districts 
the  Virginia  City  miners  may  he  said  to  he  just  as 
healthful,  if  not  more  so.  The  result  is  due  in  a 
large  measure  to  the  fact  that  the  Virginia  City 
miner  observes  certain  precautions,  and  that  the 
mine-managements  provide  the  necessary  facilities. 
Miners  are  careful  nol  to  expose  themselves  to  cold 

drafts,  since  they  work  stripped  to  the  waist,  (hi 
passing  from  a  hot  t<>  a  cold  place  a  heavy  coat  is 
used  to  protect  the  heated  body.  Wet  clothes  are 
either  removed  he  fore  going  to  t  he  surface,  or  trousers 

and  coat  worn  oxer  them.  All  miners  take  hot  and 
cold  showers  after  coming  dff  shift.  Frequent  drink- 
ing, and  the  bathing  of  the  hands,  waists,  arms,  and 
head  in  ice  -water  arc  resorted  to  in  all  hot   workings, 

and  undoubtedly  serve  to  keep  down  the  body- 
temperature,  while  temporarily  refreshing.  Frequent 
rests  are  taken  in  special  cooling-rooms,  so  placed  in 
the  workings  as  to  receive  freshest  and  coolest  air. 
in  exceedingly  hot  workings  cold  water  from  a  hose 
is  turned  upon  I  he  miner  while  at  work. 

The  effect  of  tic  underground  condition-  upon  the 
blood  was  made  the  subject  of  a  preliminary  study  by 
Prof.  I'.  Frandsen  at  the  author's  request.  His  results 
are  of  importance,  and  are  given  in  full  in  an  accom- 
panying note.  Ili^  conclusion,  given  tentatively,  ii 
that  'the  conditions  in  the  deep  workings  of  the 
Virginia  City  mines  do  not  have  any  particularly 
detrimental  effects  upon  the  composition  of  the 
blood.  From  a  comparison  of  a  Beriesjof  experiments 
made  it  appear-  that  tin-  main  permanent  effect  is 
an  increased   hsemoglobin-content  of  the  individual 

red  blood  corpuscle-. 
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Conditions  are  not  favourable  for  a  study  of  the 
comparative  efficiency  of  miners  working  under 
normal  temperatures  and  under  those  in  the  lower 
levels  of  the  Comstock.  The  following  conclusions 
are  the  results  of  the  author's  experience :  Moderately 
high  temperatures,  from  95  tol05°F.,  with  moderate 
humidities,  from  50  to  70%  relative  humidity,  and 
with  air-currents  of  velocities  from  200  to  300  ft.  per 
min.,  do  not  prevent  efficient  work  nor  are  they 
particularly  uncomfortable.  A  higher  temperature, 
from  110°  to  115',  together  with  the  same  conditions 
as  above,  decreases  efficiency  to  a  considerable  extent. 
A  higher  temperature,  from  110"  to  115°,  with  high 
humidity  and  moderate  velocity  air-currents,  very 
greatly  impairs  the  miners'  efficiency;  and  a  still 
higher  air-velocity,  under  the  same  conditions, 
renders  workings  more  bearable,  but  miners  cannot 
work  very  long  at  one  time.  A  moderately  high 
temperature,  from  95°  to  105°,  in  a  saturated  atmos- 
phere with  no  current,  becomes  very  trying.  Pro- 
longed exposure  with  much  exertion  is  dangerous. 
A  moderate  temperature,  from  90°  to  98°,  and 
saturated  air-cm  rents  of  a  velocity  of  from  400  to 
500  ft.  per  min.,  with  more  or  less  vitiated  air,  are 
conditions  which  are  very  trying  and  give  a  low 
labour  efficiency.  Vitiated  air  will  impair  labour 
efficiency  to  a  greater  extent  than  a  high  tempera- 
ture."—Prof.  G.  J.  YOUNG.— trans.  Ai/ter.  Inst. 
Mix.  Eng.,  Nov.,  1909,  p.  955.     (J.  A.  W.) 

Estimated  Cost  of  Shaft  Sinking.—"  Gun  nil 
Statement. — The  following  figures  and  computations 
have  been  made  upon  the  assumption  that  the  pro- 
posed shaft  will  be  0  ft.  x  16  ft.  within  timbers  and 
reach  a  vertical  depth  of  1,000  ft.  For  a  vertical 
shaft,  its  total  length  would  be  1,000  ft.  ;  if  inclined 
at  an  angle  of  45°  to  follow  the  dip  of  the  formation, 
its  total  length  would  be  1,400  ft.  to  reach  a  total 
vertical  depth  of  1,000  ft.  A  contract  price  of  $40 
per  ft.  for  sinking  would  apply  only  if  the  shaft  was 
put  down  in  the  jasper  formation,  [f  diorite  is  the 
material  to  be  dealt  with  the  contract  price  for 
sinking  alone  would  be  between  $50  and  s.V>  per  ft., 
while  all  the  other  items  would  remain  the  same. 

A  slight  difference  in  the  cost  of  timber  would 
appear  in  the  amount  of  timber  used  in  a  vertical  or 
inclined  shaft,  as  the  latter  requires  10  in.  x  10  in. 
stringers,  while  the  former  would  take  6  in.  x  8  in. 
skip  runners,  but  this  has  not  been  taken  into 
account. 

The  maximum  How  of  water  to  be  handled  (S00 
gallons  per  minute)  is  probably  somewhat  high. 

A  shaft  put  down  to  a  depth  of  1,0(10  ft. .  at  the 
end  of  the  ore  formation  would  make  available 
approximately  3,000,000  tons  of  ore  now  in  sight,  at 
the  shafts  now  in  operation,  at  the  present  stage  of 
development  of  the  mine.  About  one-third  of  this 
tonnage  must  now  be  left  as  a  pillar  to  maintain  the 
shaft. 

If  the  new  shaft  costs  $150,000,  this  would  make  a 
cost  of  5  cents  per  ton  on  3, COO, 01 10  tons  of  ore. 

Ditails  of  Sinkiug  Contract,  Shafts,  etc. 

Maximum        Minimum 

Contract  price  for  sinking.  840  per 

ft.,    includes    drilling,    blasting, 

powder,  caps,  fuse,  etc. 
For  a  vertical  shaft,  1,000  ft.         ...  $40,000 

For  an  inclined  shaft,  1,400  ft.       ...  $56,000 
Computing  all  work  for  a  shaft  6  ft. 

x  16  ft.  within  timbers,  three  com- 

partments,  shaft  sets  5  ft.  centers; 

and  assuming  40  ft.  per  month  as 

average  sinking: 


1,000  ft.  would  take  25  months,  allow 

26  months 
1,400  ft.  would  take  35  months,  allow 

36  months 
Allowing     25     working     days    per 

month,  300  per  year 
1,000  ft.  of  sinking  would   take  650 

days   ... 
1,400  ft.  of  sinking  would  take  900 

days    ... 
Sinking  contract  would  be   worked 

on  three  8-hour  shifts.     All  other 

labour,  one  or  two    10-hour  shifts 
Cutting;  pump  station    10  ft.  x  15  ft. 

x  20  ft,  at  a  depth  of  500  ft.         ...  350  350 

A  maximum  How  of  800  gal.  per  min. 

when  bottom  of  shaft  is  approached 

is  used   as   the   basis  of  pumping 

expenses  ...  ...  ... 

Total  ...  ..   $56,330    $40,350 

Details  of  Labour. 

Maximum        Minimum 

Blacksmith,  at  $2.25  per  day  ;  helper 

at  $1.65  per  day;  $3.90  per  day 

for  900  days      ...  ...  ...     s3,510 

$3.90perday  for  050  < lays  ...  $2,535 

Two  landers  at  si.  70  per  day  for  900 

days    ...  ...  ...  ...      3,060 

Two  landers  at  $1  -To  per  day  for  650 

days    ...  ...  ...  ...  2,210 

Two  timbermen  at  §1.75  per  day. 

Assuming  one  set  of  timber  can  be 

cut  and    framed    in    1  day  by  two 

men    ... 

1,400  ft.  of  shaft,  280.sots,  280  days  980 

1,000  ft.  of  shaft,  200  sets,  200  days  700 

Two  brakemen  at  $2.20  per  day,  tor 

900  days  ...  ...  ...       3,960 

Two  brakemen  at  $2.20  per  day,  for 

650  days  ...  ...  ...  2,860 

Two  firemen   at  81.70  per  day,  for 

900  days  ...  ..  ...        3,060 

Two  firemen   at  81.70  per  day,  for 

650day>  ...  ...  ...  2,210 

.Allow  one-fourth  of  mining  captain's  ■ 

time,  825  per  month,  for 36  months  900 

Allow  one-fourth  of  mining  captain's 

time, 825  per  month,  for  26  months  650 

Surveyor  and  helpers,  allow  $20  per 

month,  for  36  months    ...  ...  720 

Surveyor  and  helpers,  allow  820  per 

month,  for  26  months    .. 

Total 

Details  of  Timber. 

2    plates,    12   in.  x  12  in.  x  IS     ft, 

contain 
2  end  pieces,  12  in.  x  12  in.     0    ft. 

contain 
4  corner  posts,  12  in.  x  12  in.  x  4  ft. 

contain 
2  dividings,  10  in.  x  12  in.    x6  ft. 

4  in    contain 
4  Stringers,    10  in.  x  10  in.  x5  ft. 

contain 
4  centre  posts,  10 in.     loin.     4ft. 

contain 
Sheathing,    .">    in.  x5    ft.  x44    ft. 

contain 
Boards,    I  in.      5    ft.      li    ft.    4    in. 

contain 

Total  amount  of  timber  for  1  sel      1,886^ 


520 

..    816,190 

■. 

811 

,6S5 

Board 
Measureft.    M 

IX. 

Min. 

432 

144 

192 

126§ 

166g 

133  h 

660 

31§ 
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Total  amount  of  timber    in    280 

sets  ...  ...  ..  535,173 

Total  amount  of    timber  in    200 

sets  ...  ...  ...377.207 

\t  $14  per  thousand  for  hemlock 

timber  : 

For  280  sets,  $7,492.42,  allow...  7,500 

For  21 10  sets,  $5, 181. 74.   allovt . . .  5,200 

Ladders,  17v,  cents  per  foot,   1.400 

feet  ...  ...  ...  24.". 

Ladders,  17 J  cents  per  foot,   1,000 

feet  ..  ...  ...  175 


Total 


$7,745  $5,375 


Details 


of  Rails,  Pipe,  Tie-Mopes,  etc. 

Maximum       Minimum 
45-Hi.    rails   for   double   skip   road, 

allow  1,500ft.,  making  6,000  linear 

feet  or  2,000  yd.,  45  tons  at  $25...      si, 125 
200  pairs  fish-plates,  at  21  cems    ...  42 

500  1b.  rail  spikes,  :ii  3  cents  ...  15 

1,120  li  in.  x6  ft.  0  in.   round   iron 

tie-ropes,  at  2  cents,  §487.46  allow  5i  n  i 

2,240  nuts  and  washers,$278.60,allow  300 

All  of  the  abo^e  computed  for  1,400 

ft.  of  shaft.      For  a  vertical   shaft 

of  1,000ft.  depth,  rails,  fish-plates 

and  spikes  would  not  be  used 
Tie-rods,  nuts,  and  washers  for  1,000 

ft.  of  shaft  allow  . ..  .  550 

1,400  ft.  of  10-in.  water-column  pipe       1,820 
L,000ft  of  10-in.  water-column  pipe  1,300 

Drill  steel  ..  ...  ...  40  HO 

2-in.    steam   pipe  ;  allow    250   ft.    in 

excessof  length  of  shaft.  For  1,650ft.        150 

For  1.250  ft.     ...  ...  ..  110 

4 -in.  air  pipe  :  allow  250  ft.  in  excess 

of  length  of  shaft.       For  1,650  ft.  750 

For  1,250  ft.     ...  ...  575 

Allow  a  maximum  of  5  tons  of  coal 

per  day  for  26  months  ...  ...  2,280 

For  36  n ths...  ...  3,285 

3,000  lh.  60d.  spikes  at  10  cents  per 

pound  for  1,400  ft.  ...  300 

200  lh.   lOd.   nails  at    10  cents  per 

pound,  tor  1,400ft.  ...  ...  20 

2,160  lb.  60d.  spikes  at   10  cents   per 

pound,  for  1,000  ft.         ...  ...  216 

I  15    lh.    lOd.    nails   at    10  cents    per 

pound,  for  1,000  ft.        ...  ...  15 


Total 


...     $8,347     $5,081 


Details  of  Plant. 


Maximum 

Minimum 

Shafl  house  and 

poc 

ke 

Is    ... 

$11, 81 II  i 

so. 750 

Engine  house 

9,625 

5.000 

Boiler  house 

4,200 

3,500 

Powder  house 

251  • 

100 

<  'oal   t  rest  le 

3,000 

2.50O 

Boilers  (4) 

11,660 

10,500 

Hoisting  engine 

15,000 

12.000 

(  'ompiessor 

1  1,500 

10,625 

Skips  (2) 

1,000 

300 

Two  No.  ::  Hand 

dn 

Is 

complete 

375 

375 

Auxiliary  pump 

at  I 

no 

ft.  depth     . 

6,000 

5.000 

Sinking  pump 

1,000 

900 

Temporary  equi] 

me 

it, 

it  Btarl  .small 

hoist,  bucket, 

ro] 

e. 

tripod,  etc. . 

allow... 

1,500 

1,000 

1  loisl  ing  cable,  I 

i  ii 

. 

Ijameter 

I 

7C0 

Incidentals — Teaming,  pipe  fittings, 
air  hose,  picks,  shovels,  hammers, 
wrenches,   timbei    cutter's   tools, 

axes.    saWS,     Oil,     waste,     candles, 

temporary  bell  signal  system,  etc. 

Total 

/,'-  capitulation. 

Sinking  contract 
Blacksmithing    ... 

banders... 

Timber  cutters    ... 

Brakeinen 

Firemen 

Captain  and  surveyors 

Timber  and  ladders 

Kails,  fish-plates,  spikes  ... 

Air   and    steam     pipes    and     water 

column 
Tie  rods,  nuts  and  washers 
Nails  and  spikes... 
Coal 
Drill  steel 


Total  plant,  maximum   .. 
Total  plant,  minimum    ... 
Inclined  shaft  with  minimum  plant 
Inclined  shaft  with  maximum  planl 
Vertical  shaft  with  minimum  planl 
Vertical  shaft  with  maximum  plant 
—Mines  and  Minerals.  Nov.,  1909,  p.  256. 


5,000       4,500 


$85,810 

:?63,750 

Inclined 

Vertical 

shaft  l.uooft 

$40,350 

3,510 

2,535 

3,600 

2,210 

980 

7oo 

3,960 

2,860 

3,060 

2,210 

1,620 

1 , 1 70 

7,745 

5,3  7  5 

1 . 1  82 

2,720 

1,985 

SI  Ml 

555 

320 

231 

3,285 

2,280 

40 

30 

$88,632 

$62,491 

$85,810 

$63,750 

... 

5152,382 

... 

?174,442 

... 

? 126. 241 

51  18,300 

.  256.     (A.  K.) 

A  Simple,  Safe  Fuse  Lighter.—"  The  illustra- 
tion herewith  readily  illustrate-  the  Eagle  fuse 
lighter,  a  perfectly  safe,  simple  and  sure  method  of 
dealing  with  the  various  conditions  under  which  un- 
exploded  charges  of  dynamite,  often  unsuspected, 
result    in    death    and    ruin,  which   the  miner  ha-  long 

dreaded. 

The  igniter  i-  of  a  highly  inflammable  material, 
forming  a  shoit  cylindrical  cap  having  the  diameter 
of  the  standard  makes  of  fuse,  and  so  closed  at  one 
end  as  to  leave  a  short  tab  for  convenience  for  light- 


ing. In  the  cap  thus  formed  is  placed  a  composition 
inflammable,  but  not  highlv  explosive,  by  which  a 
sufficiently  quick  and  strong  fire  is  assured. 

The  end  ol  the  fuse  is  rolled  smooth  between  the 
thumb  and  linger  and  pressed  into  the  cap  or  igniter. 
The  application  of  *  Same  or  incandescent  heal  to 
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the  igniter  then  assures  ignition  of  a  fuse  that  will 
burn  to  the  detonator  at  its  firing  end.  Both  i he  rap 
and  the  composition  are  water-proof,  and  it  never 
misses  lire. 

The  system  eliminates  the  uncertainties  of  blasting, 
and  its  use  is  economical  in  point  of  time,  money  and 
Mie." —Mining  World,  Nov.  13,  1909,  p.  988  (C.B.S.) 

Limits  of  Deep  Mining.—"  The  trial  boringsof 
northern  Westphalia  have  been  pushed  considerably 
beyond  1,400  metres  ;  at  Paruchowitz,  near  Etybnik, 
in  upper  Silesia,  a  boriDg  went  down  2,00834  in. 
(6,5726  ft.).  We  do  not,  however,  think  it  advisable 
fur  the  present  to  search  for  coal  measures  beginning 
at  greater  depths  below  the  surface  than  1,100  to 
1,200  metres,  as  such  very  deep  deposits  cannot  as 
yet  be  considered  as  workable.  An  initial  depth  of 
1,200  metres  is  already  very  considerable  indeed,  and 
infers  actual  mining  down  to  a  depth  (if  at  least 
1,500  metres  below  the  surface.  It  is  very  question- 
able whethei  working  a  coal  mine  at  such  a  depth 
would  he  remunerative  or  even  possible. 

[t  is  quite  true  thai  far  more  considerable  depths 
have  been  attained  in  the  Tamarack  copper  mines  of 
North  America,  and  that,  in  Alpine  tunnelling,  work 
has  been  don;'  successfully  at  depths  even  exceeding 
2,000  metres  below  the  surface,  hut.  nevertheless,  i 
am  of  the  Opinion  that  in  strata  of  the  nature  of  the 
coal  measures  such  depths  are  at  present  not  suited  to 
practical  mining,  considered  as  a  paying  enterprise. 
A  depth  of  1,500  metres  seems  to  me  to  be  the 
extreme  limit. 

Apart  from  the  difficulties  presented  by  the  nature 
of  overlying  strata  ami  hy  inflammable  gas,  which 
vary  exceedingly  according  to  localities,  the  follow- 
ing facts  are  obstacles  to  very  deep  working  :  —high 
temperature,  excessive  crush,  ami  cost. 

Temperature.  The  temperature  of  the  earth's 
crust  increases  as  we  descend  in  a  proportion  which, 
though  not  the  same  for  all  localities,  on  the  v\hole 
seems  pretty  constant.  Tins  high  temperature 
becomes  a  derided  obstacle  at  slightly  \  aiy  Lng  depths, 
somewhere  below  1,000  metres  under  the  surface. 
Somewhere  about  this  point  the  earth's  temperature 
may  be  considered  to  average  36  C-  equal  to  the 
heat  of  i  he  blood. 

The  temperature  of  the  rocks,  however,  may  he 
much  higher  than  that  of  the  air  in  the  workings 
near  by,  as  the  latter  may  he  greatly  reduced  by 
ventilation  and  cooled  more  or  less  in  proportion  to 
the  quantities  of  cold  air  forced  through  the  mine. 
The  rate  at  which  the  fresh  air  i-  wanned  bj  absorp- 
tion of  heal  from  the  warm  wall-  of  the  rock,  also 
seems  to  depend  in  a  large  degree  on  the  system  of 
working.  In  a  cellular,  viz..  the  pillar  and  stall 
system,  the  air  seems  to  acquire  almost  immediately 
t  he  full  tern j  culture  of  i  he  coal  :  but  under  the  long- 
wall  system  the  air  appears  to  retain  much  longer  a 
considerably  lower  temperature  in  sweeping  past  the 
working  face. 

This  cooling  effect  of  ventilation,  however,  is 
greatly  affected  by  the  degree  of  humidity  of  the 
workings,  as  the  water  draining  from  the  rock-  has 
at  least  the  temperature  of  the  earth,  and  by  its 
great  specific  heat  warms  the  air  much  mote  consid- 
erably than  the  strata,  which  being  had  conductors, 
are  very  soon  isolated  by  a  thin  cooled  crust,  whilst 
in  a  wet  minethesupply  of  warm  water  is  continually 
kept  up. 

If  strong  springs  are  met  with,  often  of  still 
higher  temperature  than  the  rocks,  the  difficulties 
increase  very  much,  and  soon  become  insurmountable. 
In  damp  air  heat  also  becomes  much   sooner   unbear- 


able than  in  the  drj  atmosphere,  as  active  evapora- 
tion of  the  perspiration  is  a  great  help  in  keeping 
down  the  temperature  of  tin-  body  Too  dry  air. 
however,  causes  new  inconveniences  in  coal  mines, 
by  the  nuisance  and  even  grave  dangers  caused  by 
coal   dust. 

Apart  from  very  large  faults,  experience  seems  to 
show  that  in  generally  -oft  strata,  like  coal  measure 
shales,  the  percolation  of  water  soon  stops  at  some 
depth,  the  fissures  and  pore- in  the  rocks  being  closed 
by  the  pressure.  Hard  and  thick  beds  of  coarse  sand- 
stone, however,  may  remain  conductors  of  water  for 
great  distances  and  more  considerable  depths.  Gen- 
erally, however,  the  workings  are  quite  dry  in  very 
deep  coal  mines. 

There  is  a  serious  obstacle  which,  in  some  coal  pits 
counteracts  the  effects  of  ventilation  in  keeping  down 
the  temperature,  viz..  the  oxidation  of  the  coal  as  a 
source  of  heat.  This  oxidation  is  specially  active 
with  some  qualities  of  coal,  and  with  line  dust,  ami 
very  often  the  heat  generated  is  greal  enough  to 
cause  spontaneous  combustion.  This  property  of 
some  coals  will  probably  prove  an  insurmountable 
obstacle  to  mining  them  at  very  great   depths. 

Effect  of  Depth  upon  Crush.— The  effect  of  the 
accumulative  weight  of  several  hundred  metre-  of 
strata  cannot  be  spoken  of  with  any  certainty,  nor 
does  it  -how  itself  in  the  same  manner  in  different 
localities,  because  it  is  highly  influenced  by  the 
physical  properties  of  the  rocks.  ft  remain-  a 
generally  observed  fact,  however,  that  pressure  con- 
siderably increases  at  great  depths.  Strata,  of  the 
natureofcoal  measure  shales  act  like  a  verystiffand 
plastic  mass  under  very  severe  pressure,  and  gradual- 
ly but  iriesistibly  fill  up  all  cavities  made  in  them. 
At  very  considerable  depth  no  kind  of  support  can 
withstand  this  crush,  and  the  galleries  have  to  be 
re-widened  continually,  as  all  walls  slowly  creep 
inwards.  These  effects  moreover  depend  greatly  on 
the  system  of  working  and  specially  on  the  care  with 
which  (dd  workings  are  filled  up,  preventing  as  much 
as  possible  the  strata  from  becoming  loosened. 

Massive  sandstones  above  tl  e  c  »al  seams  also  help 
the  support  and  take  off  a  great  deal  of  the  immed- 
iate pressure,  causing  it  to  come  on  more  gradually, 
and  becoming  active  only  after  the  coal  has  been 
taken  out. 

However,  at  considerably  greatei  depths  than 
l.dfio  metres  the  crush  becomes  a  serious  nuisance  in 
a  great  many  coal  mines,  and  may  gradually  increase 
to  such  extent  as  to  prevent  deeper  progress. 

Effect  <>f  Depth  upon  Cost. — In  several  eases, 
though  it  may  be  technically  possible  to  work  at  cer- 
tain depths,  costs  may  become  too  great,  the  work 
ceasing  to  pay.  The  profit  to  lie  made  on  mining 
coal  is  dependent  on  so  many  circumstances  that  no 
special  depth  may  be  .said  to  limit  mining  enterprise 
for  reason  of  cost.  Besides  what  is  unprofitable  now 
may  soon  become  remunerative,  after  the  supplies  of 
shallower  mines  have  been  exhausted  and  com- 
petition ceases  from  that  quarter,  or  better  methi  <I- 
of  haulage,  mechanical  cutting,  or  ventilation  have 
been  invented. 

That  cost  increases  with  depth  can  easily  be 
understood,  as  high  temperature  affects  the  efficiency 
of  the  miners,  at  the  same  time  reducing  the  hours 
the  workmen  can  stay  in  the  mine  without  being 
inconvenienced.  Winding  and  ventilation  become 
more  costly,  likewise  the  expenses  of  timbering  and 
of  maintaining  air  passages  and  haulage  loads 
increase.  Nevertheless,  this  increase  of  costs  is  not 
yet  greatly  felt  in  the  deeper  mines- of  Westphalia, 
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As  a  rule,  therefore,  the  richer  the  deposit  is  in 
coals  of  good  quality,  the  longer  deep  working  will  pay. 
The  British  Coal  Commission  of  1*71  pul  down  the 
maximum  depth  at  4,000  ft.,  and  the  minimum  i  hick 
lie--  i.t  workable  seams  at  1-  ins.,  but  at  very  gn  at 
depths  it  seems  advisable  in  consider  only  seams  of 
2 ft.  or  more  in  thickness  a-  workable;  where  the 
deposit  is  very  regular  and  the  roof  good  enough  to 
allow  (lit-  use  of  electric  coal  cutting machineiy  even 
at  great  depths,  or  the  coal  i-  of  exceptional  quality, 
thinner  scams  may  possibly  lie  worked  with  advant- 
age. 

From  all  this  ii  will  he  clear  that  it  seems  quite 
sufficient  for  the  present  in  extend  the  explorations 
to  an  initial  depth  of  [,200  metres  (4,000  ft.)  below 
tla-  surface."— W.  A.  .1.  M.  \'.\\  dee  Gracht, 
Memoirs  Geological  Exploration  of  the  Netherlands. 
London  Mining  Journal.  Nov.  20,  '09,  p.  278. 
(A.  R.) 

Concrete  foe  Shaft  Tracks. — "  The  extended 
use  of  reinforced  concrete  tor  mini'  work  on  the  Rand 
is  a  noteworthy  feature  at  the  present  time,  and 
especially  is  tins  tine  of  new  equipments.  Concrete 
now  seems  to  he  utilised  wherever  practicable.  Its 
extensive  employment  in  the  metallurgical  works  of 
the  City  Deep  plant  has  already  been  dealt  with, 
and  we  aie  now  able  to  give  particulars  of  t he  use  it 
is  being  put  "to  at  the  Bantjes  Consolidated  Mines  at 
Florida. 

At-  this  property  it  is  being  utilised  in  a  new 
direction,  new  as  far  as  the  Hand  is  concerned  at  any 
late,  with  the  exception  of  some  similar  work  done 
at  the  Angelo  Deep  two  or  three  years  ago.  But  as 
this  Angelo  Deep  work  does  not  appear  to  have 
al  t  racted  much  attention,  the  employment  of  concrete 
in  two  shafts  of  the  Bantjes  mine  is  a  most  interest- 
ing matter.  The  central  incline  has  been  stripped 
and  enlarged,  and  the  shall  is  now  32  ft.  4  in.  wide 
'overall,'  instead  of  17  tt.  a-  foimerly.  Five  com- 
partments are  now  prepared,  and  there  will  he  four 
hauling  ways  instead  of  two  only  in  the  old  shaft. 
Concrete  blocks  are  now  being  carried  down  the 
shaft,  which  dips  at  an  angle  of  35  .  The  skip  rails 
run  on  these,  ami  the  gauge  has  been  increased  from 
H  ft.  to  J  ft.  2  ill.  The  central  concrete  blocks, 
which  carry  two  rails,  are  2  ft.  '.)  in.  in  width  al  the 
top,  whilst  the  outside  blocks,  on  each  of  which  only 
one   rail  rots,  are  12  in.  wide  at  the   top.      (Inly   one 

divider  is  being  put  in  between  the  two  pairs  of  skip 
roads.     Sixty  pound  rails  are  used,  and  strong 
suppoi  ts  are  employed  in    the  shaft,  which   will   con- 
tain very  little  timber;  in   fact,   no  timber  at  all. 

The  shaft  13  indeed  an  excellent  piece  of  work,  and 
it  should  he  possible  t<»  haul  in  it  at  the  rate  of  a 
mile  a  minute  with  a  minimum  of  risk. 

The  advantages  claimed  for  this  method  of. sup- 
porting skip  rails  are  :  (Ii  Higher  rate  of  hoisting; 
i2)  greater   safety  :   (.'!)  a   cleaner  shaft  :   (4)   much 

more  permanent  work;   !■">»   less  wear  and  tear  on  the 

rope.     The  cost  is  estimated  at   less  than  that  of  a 

wooden    road,  and    the   work    of   laying   the  concrete 

proceeds  very  rapidly.   At  a  little  depth  in  the  shaft , 

where  solid  rock  exists,  the  concrete  is  mixed  oil  the 
Moor  of  the  shaft  and  pul   in  the  skip   load   direct."  — 

The  South  African  Mining  Journal,  .Ian.  15,  1910, 
i  .  nil     i  \.  i;  i 

MISCELL  VNEOUS. 

Applications   of   Concrete    in    the    Metai 
Mining  Industry.     "  Concrete,  used  for  the  mere 
purpose  of  supporting  unsafe  ground,  i-  gaining  hut 
slowly  in  favour,  being  confined  for  the  present  to  an 


occasional  tunnel  portal,  to  lining  shafts  through 
surface  soil  down  to  solid  rock,  and  to  a  very  limited 
use  of  '  stulls.'  Iii  the  coal-mining  industry  much 
greater  use  of  concrete  for  all  purposes  i-  made. 

The  chief  advantage  of  concrete  for  lining  shafts 
through  the  surface  -oil  and  down  to  bed-rock, 
outside  of  ii-  durability,  i>  its  efficiency  in  ki 
out  water  The  upper  part  of  the  lining  is  usually 
so  shaped  and  extended  as  to  form  the  foundations 
for  the  hoisting  machinery.  Arrangement  for 
supporting  the  ordinary  shaft  equipment  of  cage- 
guides,  ladders,  pipe-,  etc.,  must  he  well  thought  out 
beforehand  in  order  to  avoid  having  to  cut  into  the 
concrete  alter  it  has  -et  Shaft  linings  an:  compara 
tively  simple  in  vertical  shafts,  hut  inclined  shafts 
flo  not  lend  themselves  quite  so  easily  to  placing  the 
forms  and  ramming  the  concrete,  hut  not  even  these 
require  any  very  high  order  of  ingenuity.  In  this 
latter  case  the  upper  pari  had  perhaps  better  be  made 
arching  and.  if  possible,  reinforced  either  with 
specially  purchased  iron  or  with  whatever  old  material 
may  lie  available  on  the  spot .  such  as  old  rail  or  pipe. 
A  neat  method  for  shaft  lining  is  to  make  slabs  of 
concrete  three  or  four  inches  thick  by  two  or  three 
feet  square,  which  when  properly  hard  are  placed 
and  supported  against  the  .-ides  of  the  shaft,  the 
space  between  them  and  the  soil  or  rock  being  tilled 
with  concrete  well  rammed  in:  these  slabs  are  left 
permanently  in  position. 

It  is  as  a  means  of  controlling  water  underground 
that  concrete  is  growing  in  favour  rapidly.  It  is  a 
much  better  stroke  of  business  to  keep  water  out  or 
a  mine  than  to  pump  it  out.  A-  an  instance,  at  the 
Candelaria  mine,  in  Mexico,  the  great  influx  of 
water  was  found  to  he  at  a  point  midway  between 
the  first  arid  second  levels,  about  Hi"  ft.  from  the 
sin  face.  A  portion  of  this  water  was  \  cry  ineffectually 
trapped  on  the  second  level  by  mean-  of  wooden 
troughs  and  pumped  thence  to  the  surface,  but  the 
great  hulk  of  the  water  found  its  way  to  the  bottom 
of  the  shaft  at  7'"l  ft.  Raising  the  water  from  this 
depth  to  the  surface  necessitated  a  continuous  effort 
at  the  pump  to  overcome  some  630,000  foot-pounds. 
What  with  condensation  in  such  a  long  steam  line, 
pipe  friction,  etc..  this  amounted  to  something  over 
30   horse-power  at    the    boiler.      It    was    therefore 

decided  to  arch  over  the  second  level  from  the  shaft 
completely  to  the  end.  This  being  done,  t  he  water, 
thus  completely  confined  above  t  he  arch,  was  pumped 
only  200  ft.  to  i  he  surface.  The  pump  at  the  bottom 
of  the  mine  was  then  able  in  a  few  hours  work  per 
day  lo  take  care  of  all  the  water  seeping  inti 
mine  below   (his   level.     The  saving   in    reality   was 

found  to  he  more  ii >uev  than  was  represented    by 

the  -team  saved,  the  men  being  much  more  efficient 
in  the  more  agreeable  circumstances,  he-ides  the 
heavy  hills  for  repairs  to  the  pump  bping  much 
diminished.  Tin'  forms  used  in  this  work  consisted 
of  two  segments  from  an  old  steam  holler,  lapped 
over  to  one  another  to  a  greater  or  less  degree  to 
accommodate  the  variable  width  of  the  level,  thi' 
smaller  irregnlaril  ies  In  ing  (dosed  by  .-craps  or  hoards 
or  sheet  iron  or  anything  else  that  came  handy.  \ -> 
elegance  and  finish  are  not  considered  necessary 
underground    the   marks   left     bj     these    were    not 

smoothed  oil'.       The  preliminary    work,  having  for  it- 

objeel    the    preventing  of  the  water  from   washing 
ovei  tic  wet  concrete,  was  much   more  difficult   ami 
engaged  much   more  attention   than   the  mere  con 
st  ruction  of  I  he  arch. 

At  the  San  Bias  mine,  also  in  Mexico,  in  sinking 
a  shaft  *  ft.  by  12  ft.  in  area,  a  heavy  flow  of  water 
was  encountered  at  !•<'  ft.  from    the   surface,  through 
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a  fissure  which  crossed  the  shaft  at  about  a  2.V  angle. 
The  flow  of  water  was  such  that  in  spite  of  the  most 
energetic  efforts  only  8  it.  of  progress  «;i^  maae  in  a 
month.  The  shaft  was  enlarged  in  an  iriegular  out- 
line, for  two  or  three  feet  on  each  of  its  four  sii 
a  belt  of  about  three  or  four  feet  above  the  fissure 
and  about  the  same  distance  below.  After  the  water 
had  risen  to  its  natural  level  in  the  shaft,  some  250 
tons  of  concrete  were  dumped  in  ;.nd  allowed  several 
weeks  to  set.  The  water  was  then  pumped  out  and 
the  shaft  re-excavated  through  the  concrete  and 
carried  down  to  400  ft.  without  further^trouble. 
Had  a  central  hollow  core  been  lefl  in  the  concrete 
the  work  of  sinking  through  it  would  have  been  very 
much  diminished.  The  total  cost  of  this  work  did 
not  exceed  <is  .  including  the  re-excavation  of  the 
shaft,  the  cement  costing,  delivered  at  the  spot,  [8s. 
per  barrel. 

It  may  be  as  well  to  indicate  the  precautions 
necessarj  to  secure  a  successful  issue  to  a  piece  of 
work  of  the  above  sort.  First,  the  water  should  be 
without  movement,  or  the  flow  be  at  least  impercep- 
tible. For  this  reason  the  shaft  was  allowed  to  lill 
up  to  its  natural  water  level.  Second,  the  concrete 
should  not  be  dumped  in  and  allowed  to  fall  to  the 
bottom,  causing  a  separation' of  the  heavier  from  the 
lighter  ingredients.  In  the  case  cited  the  concrete 
was  lowered  in  a  wedge-shaped  bucket,  one  side  of 
which  was  hinged  at  the  top  and  fastened  at  the 
bottom  by  a  latch  to  which  was  attached  a  wire 
leading  to  the  surface.  When  the  bucket  was 
lowered  and  placed  as  nearly  as  possible  in  position 
the  wire  was  pulled,  releasing  the  concrete  without 
giving  the  cement  much  opportunity  to  separate 
from  the  other  ingredients.  Third,  there-excavation 
must  be  made  wit  hout  the  aid  of  explosives.  Fourth, 
ample  time  must  be  allowed  for  the  concrete  to  solidify 

At  another  mine,  water  entered  at  a  point  where 
the  vein  crossed  a  considerable  stream.  On  occasions 
in  summer  time  the  bed  of  the  stream  ran  dry.  At 
such  periods  the  mine  pump  was  almost  idle.  I  Hiring 
one  dry  season  the  bed  of  the  stream  was  cleaned  of 
all  boulders  and  sand  and  other  loose  material  for 
about  10  ft.  upstream  and  the  same  distance  down- 
stream above  and  below  the  vein  crossing.  This 
space  was  then  covered  with  a  pavement  (i  in.  thick, 
effectually  and  permanently  doing  away  with  nearly 
all  the  pumping  expenses. 

A  good  instance  of  how  not  to  do  a  job  of  this  sort 
was  at  the  llerrarias  mine  in  the  South  of  Spain. 
The  river  Almanzora  runs  through  the  property,  and 
in  followipg  a  small  vein  of  iich  silver  ore  the  river 
gained  entrance  into  the  workings.  A  ship  load  of 
cement  was  dumped  into  the  river,  being  thrown  at 
random  over  the  ship's  side  over  the  place  where  the 
leak  was  supposed  to  be— but.  of  course,  absolutely 
without  effect  on  the.  mine  pumps.  The  final  result 
was  that  a  valuable  mine  was  abandoned  for  a 
number  of  years. 

For 'timbering'  underground,  concrete  'timbers' 
are  attracting  a  certain  amount  of  attention.  The 
average  life  of  a  pine  timber  or  stull  in  a  mine  may 
not  he  counted  on  to  exceed  four  years,  while  the 
life  of  a  concrete  'timber5  is  indefinite;  it  costs 
more  in  the  first  instance  and,  owing  to  its  v. 
it  is  more  costly  to  place  in  position.  Concrete 
timbers  are  easily  made  in  long  wooden  troughs,  or 
in  split  tubes  of  sheet  iron,  with  the  ctu\>  adjusted 
so  that  they  can  he  changed  to  suit  the  desired  length 
and  angle  of  cut.  If  it  is  possible  to  do  so,  the  form 
should  he  set  close  to  where  the  stull  is  to  he  finally 
placed.  The  conspicuous  disadvantage  of  the  concrete 
stulls  is  the  difficulty  in  placing  them  at  the  propel 


angle  with  regard  to  the  line  of  thrust  of  the  ground 
to  he  supported.     Frequently  when  the  ground  being 

supported  settles  in  a  small  extent  the  angle  of 
thrust  i>  greatly  changed  ;  in  such  a  case  a  pine 
timber  is  easily  wedged  up.  or  the  ends  cut  to  a  new 
angle,  or  the  position  of  thejwhole  thing  changed  to 
suit  the  new  conditions  :  once  a  concrete  timber  is  in 
place  any  changes  are  very  difficult.  At  the  present 
moment,  the  greater  use  of  concrete  stulls  and 
timbers  is  in  replacing  rotted  ones.  In  this  case,  the 
gr<  and  having  already  settled  and  the  wooden  stalls 
having  been  subjected  to  observation  for  a  consider- 
able period  of  time,  the  concrete  props  can  i  e  placed 
with  more  intelligence,  not  only  as  to  the  direction 
of  the  lines  of  force  hut  also  as  to  the  amount  of 
strain  theyare  tobeealled  upon  to  resist.  Bothofthese 
factors  are  usually  only  partially  known  in  the  first 
instance. 

As  a  general  proposition,  the  use  of  reinforci  nient, 
either  of  scrap  material  or  of  some  one  of  the  manj 
special  shapes  of  iron,  is  not  very  usual  for  un 
ground  work  in  the  metal-mining  industry.  For 
surface  structures,  however,  all  the  usual  rules  of 
such  constructions  hold  good.  Portions  of  the  \  ai  ions 
structures,  in  which  the  stresses  are  exclusively  in 
compression  do  not  require  reinforcement. 

These  statements  suppose  the  use  of  cement  of 
good  quality,  which,  in  out-of-the-way  places,  is  not 
always  ol  a  a  ina  hie.  It  is  of  very  little  use  to  attempt 
to  test  the  cement,  for  the  purpose  of  comparing  the 
results  obtained  with  the  figures  obtained  by  the 
manufacturers.  So  many  factors  are  not  uniform 
with  the  conditions  under  which  the  experiments  are 
■it  the  factory  that  the  final  results  are  <|itit" 
different.  The  age  of  the  cement,  difference  of  tem- 
perature and  humidity  of  the  air,  of  the  water  or  of 
the  cement  itself,  and  even  the  nature  and  amount 
of  the  various  mineral  substances  dissolved  in  the 
water,  altogether  introduce  such  differences  as  to 
make  it  a  waste  of  time  to.make  any  other  tests  than 
the  actual  mixing  and  laying  of  a  small  preliminary 
batch  of  concrete.  A  bout  the  only  exterior  in  lication 
of  defective  quality  is  the  swelling  of  the  barrels 
when  they  have  been  too  long  in  stock  in  a  humid 
climate  or  have  accidentally  been  wetted.  It  seems 
a  pity  that  no  way  can  be  found  to  stamp  each 
barrel  reliably  with  the  date  it  left  the  factory,  like 
the  photographic  supplies. 

A-  a  general  rule  there  is  nothing  at  any  mine  in 
the  way  of  surface  structures  that  cannot  he  made, 
and  better  made,  of  concrete  than  of  any  other 
material  — head  frames,  ore  bins,  floors,  buil 
electric-wire,  poles,  trestles,  water  pipes  for  low 
pressure,  boiler  settings,  chimney  stacks,  tanks  of 
all  kinds,  and  even  boats  and  lighters  if  the  mine 
have  use  for  these  latter."  HENRY  W.  EDWARDS. 
Engineering  Magazine,  Nov.,  1909,  p.  175.  (J.  A.  \V.) 


Snake  Bites  should  be  treated  by  ligaturing  the 
bitten  part  at  once  with  a  tourniquet  of  (doth  or 
rubber,  and  injecting  locally  a  1  solution  of  potas- 
sium permanganate.  Alcoholic  stimulants  and  am- 
monia are  absolutely  harmful  in  critical  cases.  They 
are  of  value  as  restoratives  only  in  cases  where  the 
person  has  not  been  fatally  bitten. — Mining  and 
Scientific  Press,  Dec.  1909.     (C.  Ik  S.) 


Cask  HARDENING  OF  STEEL  WITH  GASES.  -'This 
paper  gives  the  results  of  experiments  on  case  harden- 
ing of  soft  Norwegian  iron  with  various  gases,  carried 
on  at  the  Polytechnic  Institute.  It  was  shown  that 
in  most  cases  nitrogen  in  the  form  of  ammonia  facili- 
tates the  action  of  carbonising  gases.     Nitrogen  in 
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the  free  state  has  no  influence  on  the  carbonising 
action.  It  was  shown  that  the  ammonia  does  noi 
react  with  the  carbon  gases  to  form  cyanogen. 
Carbon  monoxide  seems  to  act  almost  as  well  with- 
out as  with  ammonia.  The  depth  to  which  the 
carbon  penetrates  ami  the  percentage  of  carbon  in 
the  case  were  determined  by  analysis.  Tin'  chemical 
reactions  taking  place  during  the  carbonisal  inn  were 
determined  as  follows  :  — 

With  carbon  monoxide       2CO  =  C  +  CO., 
With  methane  CH4  =  C  +  2H2." 


With  acetylene  two  reactions  seem  to  take  place, 

a-   follows  :  — 


and 


_MM      (II,     3C 
'II      ('.,  •  II.,. 


The  carbonising  ability  of  the  Liases  studied  ranges 
according  t>>  i  li<'  following  order  :  I  larb  >n  monoxide, 
acetylene,  illuminating  gas,  methane.  Carbon  mon- 
oxide is  by  far  t he  best  gas  for  i  his  purpose."—*  m.skx 
and  WEIFFENBACH. — Industrial  ana  Engineering 
Chemistry,  Aug.,  1909,  p  624.     (A.  Mi  A.  J.') 


Temperature  Conversion  Table— E ,C—  Centigrade— Fahrenheit.—  The  following  table,  which  is  self 
explanatory,  covers  the  whole  temperature  range  from  the  temperature  of  absolute  zero  to  that  of  the  electric 
arc. 


Examples:    1347   U     -Mil    I'     L2  6  I      2456°  6  F :  336:    F     1850   C     2  78  I '     L852°-78  C. 
-Dr.  Leonard  Waldo.  -Metallurgical and  Chemical  Engineering,  March,  1910,  viii.,  3,  123.     (J.  A. 
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Reviews  and  New  Books. 


(We  shall  be  pleased  to  review  any  Scientific  or  Tech- 
nical Work  sent  to  us  for  that  purpose.  J 

Journal  of  the  Institute  of  Metals.     Vol.  II., 
1909.     Edited   by  G.    SHAW  Scott,    Secretary. 
Cloth.      8vo.,   pp.    250.      111.       (London:      The 
Institute  of  Metals,  Caxton  House,  S.W.     Price 
One  Guinea. 
"The  second  volume  of  the  transactions  of   the 
Institute  includes  the  papers  read  at  the  meeting 
held  at  Manchester  in  October  last.     These  papers 
discuss  the  following  subjects  :     Aluminium  copper- 
tin  alloys  ;  surface  appearance  of  solders  ;  causes  of 
corrosion  of  copper  and  brass  ;  study  of  copper-zinc 
alloys  ;    elastic    breakdown    of   non-ferrous    metals  ; 
production  of  zinc  by  the  Brand  process  ;  welding  of 
aluminium  ;  and  the  technical  assay  of  zinc. 

These  volumes  are  to  be  published  half-yearly  and 
we  recommend  that  members  and  others  should  per- 
use them  carefully,  instead  of  relying  on  each  paper 
as  presented  at  the  meetings  and  such  outline  of  the 
discussion  as  may  appear  in  the  current  Press. 
There  is  a  vast  amount  of  additional  information  in 
the  volume,  in  the  way  of  full  reports  of  the  discus- 
sion, written  contributions,  and  authors'  replies  and 
addenda.  The  Institute  does  not  get  quite  satisfac- 
tory treatment  by  the  reporters  that  attend  the 
meetings  on  behalf  of  the  Press.  It  is  no  matter  of  sur- 
prise that  this  should  be  so,  for  the  subjects  are  highly 
specialised,  and  a  reporter,  even  though  well  versed 
in  general  technology,  finds  it  difficult  to  do  justice 
to  the  discussion.  It  is  a  pity  that  the  Institute's 
volumes  cannot  be  published  at  an  earlier  date  after 
the  meetings,  for  interest  in  the  discussions  is  apt  to 
drag.  The  American  Institute  of  Mining  Engineers, 
which  holds  two  meetings  a  year  on  the  same  plan  as 
the  Institute  of  Metals,  found  it  the  best  policy  to 
issue  a  monthly  bulletin  so  as  to  keep  the  publication 
of  papers  and  the  discussions  upon  them  up  to  date 
This  method  has  the  additional  advantage  of  making 
it  possible  to  distribute  some  of  the  papers  in  advance 
of  the  meetings  at  which  they  are  to  be  read  and 
thus  give  members  more  preparation  for  the  discus- 
sion. A  new  feature  introduced  into  the  current 
volume  are  the  pages  devoted  to  short  abstracts  and 
notices  of  papers  relating  to  the  non-ferrous  metals 
that  have  appeared  in  the  Press  and  in  the  trans- 
actions of  other  societies."  —  Mining  Magazine, 
March,  1910,  p.  238.     (A.  R.) 


"  First  Aid  "  to  the  Injured  and  Sick.     By  F.  J. 
Warwick,  M.B.,   and  A.  C.  Tunstall,  M;D. 

Sixth  Edition.     Is.     (Bristol  :    John  Wright  & 

Sons,  Ltd.) 
"  We  do  not  know  of  any  other  book  on  '  First 
Aid'  so  complete  and  full  of  useful  information  as 
this,  and  the  fact  of  the  sixth  edition  being  called 
for  within  is  months  of  the  publicatiion  of  the  fifth 
edition  proves  the  demand  for  such  a  work.  The 
present  edition  lias  been  brought  thoroughly  up  to 
date,  and  is  abundantly  illustrated,  36  new  plates 
having  been  introduced. 

It  is  important  that  a  book  of  this  description 
should  be  complete,  concise,  and  easy  of  reference, 
and  the  authors  have  been  very  successful  in  fulfill- 
ing these  requirements,  but  in  some  instances  we 
think  a  fuller  description  of  treatment  is  necessary. 
This  is  especially  so  with  regard  to  the  treatment  of 
electric  shock  :  a  few  illustrations  (such  as  those 
published  in  'First  Aid'  to  Miners,'  by  W.  B. 
Arthur)  would  be  very  useful. 


The  book  is  a  handy  size,  strongly  bound  and 
thoroughly  well  produced.  We  can  strongly  recom- 
mend it  to  all  interested  in  the  subject." — London 
Mining  Journal,  March  19,  1910,  p.  365.     (A.  R.) 

Geological  and  Arch.eological  Notes  on 
ORANGIA.  By  J.  P.JOHNSON.  10s.  (London: 
Longmans,  Green  &  Co.) 

"Mr.  J.  P.  Johnson's  book,  entitled  'Geological 
and  Archaeological  Notes  on  Orangia,' is  an  indispen- 
sable, more  or  less  scientific  guide  to  the  Orange 
River  Colony,  or  Free  State,  as  it  will  be  called 
under  the  Union.  The  term  '  Orangia  '  should  be 
deprecated. 

The  stratigraphical  outlines  of  the  Venterskroon 
and  New  Rand  auriferous  areas  are  as  detailed  as 
could  be  expected  in  a  book  dealing  with  so  many 
and  varied  subjects. 

As  regards  the  New  Rand  area  referred  to  on 
p.  7,  No.  9  borehole  has  been  completed,  Nos.  10  and 
11  sunk,  and  No.  12  is  on  the  point  of  starting,  with 
every  indication  that  the  payable  auriferous  conglo- 
merates will  lie  finally  located  therein. 

The  information  regarding  the  diamond  mines, 
which  is  focussed  from  several  sources,  is  given  in 
concrete  and  useful  form,  and  shows  that  the  occur- 
rence of  diamonds  in  the  Colony  is  widespread. 

The  Pre-Historic  Period  is  one  to  which  Mr. 
Johnson  has  personally  given  much  attention.  His 
descriptions  of  the  stone  implements  of  South  Africa, 
and  of  the  rock  paintings  by  Kafirs,  are  particularly 
interesting. 

His  chaptei  on  farming  should  be  of  use  to  intend- 
ing settlers  in  the  Colony." — Lomhm  Mining  Journal. 
March  12,  1910,  p.  321.     (A.  R.) 


Blackball,  R.  H.  Up-to-Date  Air  Brake  Cate- 
chism.    23rd  Ed.     Cr.  Sco.     Spon.     Net  8s.  6d. 

Chesnau,  M.  G.  Theoretical  Principles  of  the 
Methods  of  Analytical  Chemistry.  8vo.  Macmillan. 
Net  7s.  6d. 

Corderio,  F.  J.  B.  The  Atmosphere,  its  Character- 
istics and  Dynamics.     4to.     Spon.     10s.  6d. 

Desch,  Cecil  H.  Metallography!  Cr.  8vo.,  pp. 
442.     Longmans.     9s. 

Dodge,  G.  F.  Diagrams  for  Designing  Reinforced 
Concrete  Stuctures.    Folio,  boards.    Spon.     Net  17s. 

Goldingham,  A.  H.  The  Design  and  Construction 
of  Oil  Engines.  3rd  Ed.,  Revised  and  Enlarged. 
Cr.  8vo.,  pp.  280.     Spon.     Net  10s.  6d. 

Ibbetson,  W.  S.  Practical  Electrical  Engineering. 
For  Elementary2Students.  Cr.  8vo.,  pp.  168.  Spon. 
Net  3s.  6d. 

Mat  lie-on.  Ewing.  The  Depreciation  of  Factories, 
Mines  and  Industrial  Undertakings,  and  Their 
Valuation.  4th  Ed.,  Revised  and  Enlarged.  Svo, 
pp.  242.     Spon.     Net  10s.  6d. 

Mennell,  F.  P.  An  Introduction  to  Petrology. 
2nd  Ed.,  Svo,  pp.  212.     Gerrards.     Net  8s. 

Mennell,  F.  P.  The  Miners'  Guide  Book.  A 
Practical  Handbook  for  Prospectors,  Working 
Miners,  etc.     Cr.  Svo,  pp.  2(14.      Gerrards.     Net  4s. 

Nedden,  Dipling  F.  Zur.  Engineering  Workshop 
Machines  and  Processes.  Svo.,  pp.  L'.'ii'.  Constable. 
Net  (is. 

Schwarz,  E.  H.  L.  Casual  Geology.  Svo.,  pp. 
256.     Blackie.     Net  7s.  6d. 

Swann,  W.  V.  G.  On  the  Specific  Heats  of  Air 
and  Carbon  Dioxide  at  Atmospheric  Pressure  by  the 
Continuous  Electric  Method  at  20  C.  and  100  C. 
4to.  sd.     Dulan.     Net  2s. 

Thomson.  W.  C.  Bridge  and  Structural  Designs. 
Cr.  Svo.     Constable.     Net  8s. 
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Tyrvell,  H.  G.  Concrete  Bridges  and  Culverts. 
12mo,  leather.     S/ion.     Net  12s.  6d. 

Workshop  Receipts  for  Manufacturers  andScientific 
Amateurs.  New  and  Thorough  Edition.  Vol.  :!. 
Jointing  Pipes,  Pumps.  Willi  257  Illustrations. 
Cr.  8vo,  pp.  vi.-528.     Spon.     Net  3s. 


Abstracts    of   Patent    Applications. 

(C.)     586/09.     Frank   Ondra    (1),    Alfred    Adair   (2). 
Improvements  relating  to  the  treatment  of  zinc- 
solutions,    for  the  recovery  of  metals  or  metal 
compounds  therefrom.     20.12.09. 
This  invention  applies   more   specially  to  the  zinc 
solutions   produced    in    the   treatment    of    zinc  gold 
slimes,  and  its  ohject  is  the  recovery  of  the  sundry 
metals,  base  or  otherwise  contained  therein. 

The  reagents  used  are  ferrous  and  copper  -alts,  the 
sulphides  of  zinc,  iron  or  manganese  and  lime  either 
as  chloride,  carbonate  or  hydrate. 

(C.)     286/09.     Ernest   Slatter   Day.      Improvements 
in  the  continuous  treatment  of  slime  and  appa- 
ratus therefor.     16.6.02. 
This   application   refers   to   improvements   in    the 
treatment  of  slime  hy  continuous  rjecantation.     The 
settlement  of  the  collected  slime  and  solution  of  the 
gold  are  performed  as  in  the  ordinary  intermittent 
deeantation  process,  hut  the  gold-bearing  solution  is 
removed  by  a  series  of   two   continuously  working 
separators  with  conical  bottoms  and  a  device  for  slow 
mechanical   agitation.     The  slime  pulp   with  about 
50%  moisture  is  drawn  upwards  from  the  bottoms  of 
these  tanks  by  means  of  pipes  lying  on  the  cones. 

(C.)     96/10.      John    Dewrance    (1),    Herhert  Ernest 

Williams  (2).    Improvements  in  the  manufacture 

of  alkaline  cyanides.      11..'?. Id. 

This  is  a  process  for  the   production  of   alkaline 

cyanide,  and  consists  of  mixing  with  alkaline   ferro- 

cyanide  a  suitable  proportion  of  a  cuprous  or  cupric 

salt  and  sulphuric  acid,  the  hydrocyanic  acid  liberated 

being  absorbed  in  an  alkali.     The  resulting  alkaline 

cyanide     is     recovered     therefrom    by    any    known 

method. 

(C. )     72/10.     A.  M.   Robeson.     An  improved  method 
of  refrigeration.     25.2. 10. 

The  object  of  this  invention  is  to  make  use  in  a 
refrigerator,  to  the  greatest  possible  extent,  of  the 
well  known  method  of  cooling  by  the  evaporation  of 
water  in  dry  or  partially  dry  air  and  making  use  of 
the  effect  of  contra  current. 

The  apparatus  consists  of  a  system  of  metallic 
ducts  with  diy  ami  wetted  surface-  through  which 
the  atmospheric  dry  air  is  allowed  to  pass  in  succes- 
sion and  i-  cooled  in  an  increasing  degree  hy  being  in 
a  metallic  thermal  contract  with  the  wetted  land 
evaporating  surface)  whilst  passing  through  the  dry 
duct  and  cooling  all  the  more  when  passing  next 
through  the  wetted  duct  where  the  cooling  bj  evapo- 
ration take-  place. 

(C.)     117/1".      Hans  Charles    Behr.      Improvements 
in  stamp  mill  cams.      I  8.3. 10. 

This  application  is  for  a  method  of  constructing 
the  curved  operating  surface  of  cams  for  raising 
gravity  stamps  by  substituting  for  the  pure  involute 
curve  in  ordinary  use  generated  from  a  circle,  a 
somewhat  similar  curve  struck  from  points  situated 
at  varying  distances  from  the  centre  of  the  cam  shaft. 

The  object  of  the  new  curve  is  to  vary  the  point  ol 
contact  with  the  tappet  within  certain  limits  on  each 


side  of  the  stem  centre  instead  of  being  on  the  centre 
line  during  the  whole  contact  as  in  the  present 
practice,  and  the  inventor  claims  to  obtain  a  more 
gradual  start  in  lifting  the  tappet  and  a  higher 
throw  on  the  final  contact. 

(C.)     141/10.     Francois  Dallenagne  (1),  Henri  Dalle- 

nagne  (2).     Improvements  in  ore  concentrating 

ami  separating  apparatus.     1.4.10. 

rhis    application    relate-    to  improvements  in    ore 

concentration  apparatus,  and  consists  of  a  modified 

form  of  device  intended   to  actuate  a  grooved  table, 

forming    the   subject    matter   of  a  prior  patent    No. 

238  08  by  the  same  applicant. 

(C.)      89/10.       Alfred     Walton    Stockett    (I),    .John 

Hawthorne  Wilson  (2),   John    Whitton   .Marshall 

(3).     Improvements   relating   to  doors  for  mine 

cages.     8.3.10. 

This  application  is  in  respect  of  a  device  for  locking 

the  doors  of  man  skips  or  cages  having  two  <  r  more 

decks,  in  such  a  manner  that  one  door    being   lucked 

by  the  skipman  locks  the  other  door  or  doors,  which 

cannot  then  be  opened  from  the  inside. 

(C.)  242/09.  Alexander  John  Arbuckle.  Improve- 
ments in  apparatus  or  plant  for  treating  crushed 
ore  products  for  the  recovery  of  the  metal  con- 
tents thereof.     21.5.09. 

The  invention  relates  to  apparatus  or  plant  designed 
more  particularly  for  t  he  treatment  of  pulverised  or 
crushed  auriferous  ores,  fur  the  recovery  of  the  pre- 
cious metal  therein  contained. 

According  to  the  description  the  apparatus  is  appli- 
cable to  pulp,  either  as  it  is  received  from  the 
battery,  or  for  the  separate  products  composing  said 
pulp.  i.e.,  sand  or  slime. 

Ihe  main  units  of  the  apparatus  are  a  settling  or 
dewateriuK  tank  or  vessel,  and  an  arrangement  of 
screw  conveyors  to  withdraw  the  settled  pulp. 

The  specification  deals  in  great  length  and  detail 
with  the  description  of  the  component  parts  of  the 
apparatus. 

(('.)    387/09.     Frank  Leonard  Whitmore.     improve- 
ments in  skip  indicators  for  winding  or  hauling 
plants.     24.8.09. 
This    application    relates    to   a   device   for    giving 

variable  motion  to  the  pointer  of  dial  depth  indicators 

in  connection  with  winding  apparatus. 


Selected  Transvaal  Patent  Applications. 

Relating  to  Chemistry,  Metallurgy  and 

Mining. 


Compiled  by  C.  H.  M.  KlSCH,    F.  M. Chart.  In-t.  I'.  A. 
(London),  Johannesburg  (Member). 


(N.B 

turn 


N.B. — In  this  list  (V)  means  provisional  specifica- 

,   dud  {(')  complete  specification.      The  number 

given  is  that  of  the  specification,  the  name  that  oj  the 
applicant,  ana  the  date  that  of 'filing.) 


(1\)  152  I".  .lames  Thompson  Fennie  l  . 
Frederick  George  Fell  (2).    improved  tappet.    5.4.10. 

(P.)       153  10.      .lame-     Thompson     Fennie 
Frederick  George  Fell  (2).      improved  tappet   lixiti". 
de>  ice.     5.4. 10. 

(P.)  154  H'.  \h  xandi  r  Fullarton  Gill.  An 
appliance  for  the  automatic  closing  of  dump  doors  in 
head  dear.     5, 1. 10. 
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(P.)  155/10.  Henry  James  Shedlock  Heather. 
Improvements  in  the  control  of  induction  motors  of 
the  slip-ring  or  equivalent  type.     5.4.10. 

(P.)  156/10.  Hugh  McMenamin.  Improvements 
in  driving  means  for  ore  feeders.     6.4  10. 

(P.)  157/10.  Bertram  Gray  (1),  Robert  George 
Campbell  Pitt.  Improvements  in  plates  for  the 
cimst  ruction  of  chutes.     6.4.1(1. 

(C.)  160/10.  Otto  Wilhelmi.  Improvement  in 
method  of  making  beton  or  concrete  sleepers  with 
resilient  rail  supports.     8.4.10. 

(C.)  161/10.  Donald  Bains  Morison.  Improve- 
ments in  and  connected  with  apparatus  for  condensing 
steam.     S.4. 10. 

(C.)  162/10.  Harry  Edgar  Lever.  Improvements 
in  internal  combustion  engines.     12.4.  L0. 

(P.)  163/10.  Charles  McGregor.  Improvements 
in  and  relating  to  means  for  igniting  the  fuses  of  the 
like  of  explosive  charges  in  blasting.     13.4.10. 

(P.)  165/10.  Andrew  Frederick  Crosse.  Improve- 
ments in  apparatus  for  the  fine  grinding  of  ores  and 
other  materials.     13.4.10. 

(P.)  166/10.  Kenneth  Lancaster  Graham  (1), 
Edward  Arthur  Turner  (2).  Improvements  in  ore 
feeders.      13.4.10. 

(P.)  167/10.  Anastasios  Demstruis  Marusis  (1), 
Frederick  Mitchell  (2).  Improvements  in  apparatus 
for  raising  water  or  other  liquids.      14.4.10. 

(C.)  168/10.  Peter  Arthur  Walsh.  Improve- 
ments in  tube  mill  linings.     14.4.10. 

(P.)  169/10.  Frederick  Johnson  Knight.  Im- 
provements in  the  preparation  of  sodium  cyanide. 
1.3.4.10. 

(P.)  171/10.  Edward  Grote.  Improvements  in 
and  relating  to  poles  for  carrying  eleatric  wires  and 
the  like.     16.4.10. 

(P.)  172/10.  Samuel  Davis.  Improvements  in 
acetylene  gas  lamps.     16.4.10. 

(P.)  173/10.  Henry  James  Shedlock  Heather. 
A  method  of  increasing  the  safety  of  the  operations 
of  hoisting  and  lowering  with  induction  motors. 
19.4.10. 

(P.)  174/10.  Arthur  Wilson  Ferns.  Improve- 
ments in  acetylene  gas  generators  and  lamps. 
20.4.10. 

(P.)  175/10.  Arthur  Wilson  Ferus.  Improve- 
ments in  acetylene  gas  lamps  and  generators. 
20.4.10. 

(P.)  177/10.  Ernest  Henerich  Thiel.  Improve- 
ments in  rock  drilling  medium  chucks.     21.4. 10. 

(P.)  178/10.  William  Price,  Improvements 
appertaining  to  mechanical  haulage  for  automatically 
tipping  and  righting  the  trucks  or  vehicles.     22.4.10. 

(C.)  179/10.  John  Graham  Stewart.  Improve- 
ments in  the  jointing  of  pipes  and  the  like.     22.4.  IQ. 

(C.)  180/10.  Stewarts  &  Lloyds,  Ltd.  (1),  Robert 
Ballantyne  (2).  Improvements  in  and  in  the  fitting 
of  branch  service  connections  to  main  pipes.  22.4.10. 

(C.)  181/10.  The  Beven  Lock  Nut  Co.  (I),  John 
Anstee  Wilks  (2).  Improvements  in  or  connected 
with  nut  locks.     22.4.10. 

(C.)  182/10.  C.  G.  Patterson  (1),  The  Butters 
Patent  Vacuum  Filter  Co.  (2).  Improvements  in 
filters  for  metallurgical  and  other  uses.     22.4.10. 

(P.)  183/10.  Alfred  Charles  Churchman  (1), 
Frederick  Herbert  (2).  A  new  and  improved  tile, 
sheet,  slab  or  t ho  like  of  cement  or  concrete  reinforced 
with  metal  or  otherwise  to  be  used  for  the  construc- 
tion of  roofs,  ceilings,  walls  and  the  like.     22.4.10. 

(C.)  184/10.  Maurice  Delvigne.  [mprovements 
in  explosives.     23.4  10. 

(P.)_  185/10.  Charles  Frederick  Eduard  Oscar 
Schmitt.     Improvements  in  or  appertaining  to  the 


driving  means  for  the  stamps  of  stamp  batteries. 
23.4.10. 

(C.)  186/10.  Paul  Girod.  Improvements  in  the 
process  of  refining  steel.     26.4.10. 

(C.)  187/10.  Paul  Girod.  Method  of  supplying 
electric  furnaces  with  polyphase  current.     26.4.10. 

(P.)  188/10.  John  Wakem  Hodge.  Improve- 
ments in  spraying  devices  for  use  in  mining.  27.4.10. 

(P.)  189/10.  Jacob  Boadle  Yondale  Thomson. 
Improvements  in  means  for  automatically  locking 
the  drums  of  winding  and  like  engines  when  un- 
clutched.     27.4.10. 

(P.)  190/10.  Edward  Grote.  Improvements  in 
direct  producing  continuous  current  dynamos,  and 
motors.     27.4.10. 


Changes  of  Address. 

Members  and  Associates  are  requested  to  notify  the 
Secretary  immediately  of  any  change  in  address, 
otherwise  it  is  impossible  to  guarantee  the  delivery  of 
Journals  or  Notices.  The  Secretary  should  be  notified 
of  non-receipt  of  Journals  and  Notices  at  once. 


Adams,  E.  L.,  l/o  Johannesburg  ;  New  Heriot  G.  M. 

Co.,  Ltd.,  P.  O.  Box  10,  Cleveland. 
Adams,   H.  A.,  l/o  Village  Main  Reef  G.  M.  Co., 

Ltd.  ;  Robinson  G.  M.  Co.,  Ltd.,  Johannesburg. 
Atkinson,   C.   E..   l/o  Bradford,   Yorkshire  ;  Sheba 

Bongola  .Mine,  Selukwe,  Rhodesia. 
Bagshaw,  J.  F.,  l/o  Masjnesite  Mines,  Ltd.  ;  Trans- 
vaal Bischoff,  Ltd.,  Warmbaths. 
Bisset,  A.  C,  l/o  East  Rand  ;  Kilnshade,   Macduft', 

Banffshire,  Scotland. 
Butters,  C. ,  l/o  San    Francisco  ;    College   Avenue 

and  29th  Street,  Oakland,  California,  U.S.A. 
Coles,   W.    Alison,   l/o  Selukwe ;    23,   Carnarvon 

Road,  Bertrams. 
Coombe,  M.  H,  l/o  Langlaagte  ;  Randfontein  Deep, 

P.  0.  Box  45,  Randfontein. 
EATON,  J.  M..  l/o  Etna  Mine,  Hartley  ;  GaikaG.  M. 

Co..  Queque,  Rhodesia. 
Gosney,  P.,  l/o  Essexvale,  Rhodesia';    Hill  House, 

Southall,  London. 
Graham,   H.   W.,   l/o  Johannesburg;    c/o  Bank  of 

Africa,  113,  Cannon  Street,  London. 
Gray,  J.  W.,  l/o  Waihi,  New  Zealand  ;  7,  Ashbrook 

Terrace,  Leeson  Park,  Dublin,  Ireland. 
HESOM,  W.    W.,   l/o  Gordon  Road,   Johannesburg; 

New  AYest  Bonanza  G.  M.  Co.,  Klerksdorp. 
Hill,    J.    W..    l/o   Salisbury;    26,    Newark    Drive, 

Pollokshields,  Gasgow,  Scotland. 
Holloway,  G.  T.,  l/o  Chancery  Lane  ;  9-13,  Emmett 

Street,  Limehouse,  London  E. 
Hutton,  C.   E.,  l/o  Orange  Grove,  Johannesburg; 

Gwelo  Club,  Gwelo,  Rhodesia. 
Ladds,  L.   H,   l/o   Queque;    Colleen   Bawn   Mine, 

Gwanda,  Rhodesia. 
Leslie,  C.  D.,  in  Consolidated  Gold  Fields  of  S.A., 

Ltd.,  P.  O.  Box  1167,  Johannesburg. 
MACFARLANE,   T.  J.    M.,   l/o  Johannesburg;  P.  O. 

Box  258,  Salisbury,  Rhodesia. 
Mackintosh.  II.  <;..  l/o  Dunraven  Hotel  ;  Surprise 

(I.  M.  Co.,  Selukwe,  Rhodesia. 
RASCHER,    L.    H.,    l/o    Knights;  P.  O.  Box  55,  Win- 
burg,  O.R.C. 
STAVER,   W.    11.,   l/o  Illinois;   Telluride,   Colorado, 

U.S.A. 
Thomas,  G.  (J.,  l/o  Sabie;  Fast   Rand  Proprietary 

Mines,  lad..  P.  < ).  Box  80,  East  Hand. 
Weston,  R.  O.  l/o  Queque  ;  Gwelo,  Rhodesia. 
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Proceedings 

AT 

Annual  General  Meeting1, 
June    18,   1910. 


The  Annual  General  Meeting  of  the  Society 
was  held  in  the  Lecture  Theatre  of  the  Trans- 
vaal University  College,  on  Saturday  evening, 
June  18th,  Mr.  A.  McArthur  Johnston  (President) 
in  the  chair.      There  were  also  present:  — 

76  Members  :  Dr.  J.  Moir,  Messrs.  ('.  B. 
Saner,  E.  H.  Croghan,  E.  J.  Laschinger,  G.  O. 
Smart,  Prof.  G.  H.  Stanley,  J.  E.  Thomas,  H.  A. 
White,  Prof.  J.  A.  Wilkinson,  J.  Littlejohn, 
A.  F.  Crosse,  W.  A.  Caldecott,  E.  H.  Johnson, 
J!.  G.  Bevington,  H.  A.  Adams,  R.  Allen,  W.  T. 
Anderson,  A.  J.  P.  Atkin,  S.  G.  Partlett,  S. 
Beaton,  W.  Eeaver,  II.  D.  Bell,  B.  V.  Blundun, 
A.  J.  Bow n ess,  G.  L.  Burnett,  J.  M.  Campbell, 
A.  L.  Chambers,  T.  Donaldson,  J.  E.  Ferguson, 
G.  Goodwin,  J.  Gray,  F.  G.  Guthrie,  R.  hi  Hall, 
E.  Hollis,  W.  H.  Jane,  J.  H.  Johnson,  T. 
Johnson,  T.  S.  Jolly,  T.  W.  Jordan,  (i.  A 
Lawson,  H.  Lea,  J.  Lea,  C.  D.  Leslie,  W.  I  >. 
Lloyd,  Dr.  .1.  McCrafe,  II.  Meyer,  I'.  Mbrrisby, 
S.  Morison.S.  Newton,  W.  Nicklin,  l\  D.  Phillip?, 

E.  T.  Rand,  L.  J.  Robinson,  ( >.  I).  Loss,  A.  II 
Scarf,  G.  H.  Smith,  T.  F.  Smith,  B.  C  T.  Solly. 
K.  K.  H.  Sartorius,  A.  11.  Stacpoole,  11.  Taylor, 
J.  A.  Taylor,  A.  Thomas,  J.  Thorburn,  .J.  \\. 
Thurlow,  K.  Tonnesen,  O.  Tonnesen  < '.  Toombs, 
M.    Torrent,.,    W.    G.    Urquhart,    .1.     F.    Walker, 

F.  W    Watson,    F.    Wells,    A.    Wilkinson,    and 
L  J.  Wilmoth. 

19  Associates  and  Students:  Messrs.  A.  I!. 
Adams,  .1.  G.  V.  Clarence,  C.  I'..  Deakin,  C.  I.. 
Dewar,  H.  S.  II.  Donald,  W.  .1.  N.  Dunnachie, 
D.  G.  Esplin.  W.  .1  K.  Hunter,  II.  L  [mpey, 
A.  King,  W.  Xinow,  II.  B.  Powter,  II.  Rusden, 
H.  Stadler,  .1.  B.  Sutton,  I  >.  .1.  Thomas,  J. 
Thorlund,  W.  Webb  and  L   A.  Womble. 

21  Visitors,  and   Fred.  Rowland,  Secretary. 


The  minutes  of  the  previous  monthly  meeting, 
as  printed  in  the  May  Journal,  were  con- 
firmed. 

NEW    MEMBERS. 

Messrs.  Jas.  Gray  and  H.  A.  White  were 
appointed  sciutineers,  and  after  their  scrutiny 
of  the  ballot  papers,  the  President  announced 
that  all  the  candidates  for  membership  had  been 
unanimously  elected,  as  follows  : — 

Abel,  William  James,  Simmer  Deep.  Ltd.,  I'.  0. 
Box  ITS,  Germiston.     Mill  Fitter. 

ASPLAND,    ( '.     IIATTON,    Sili r    Deep,     Ltd.,     I'.    <  >. 

Box  ITS.  Germiston.    Cyanider.    {Transfer from 
Associate  Hull.  | 
Aubourg    Louis,   Simmer  Deep.    Ltd.,    I".  0.   Box 

ITS.  Germiston.     Amalgamator. 
Brown,    John    Henry,    Geldenhuia    Deep,    Ltd., 

P.  0.  Box  54,  Cleveland.     Battery  Foreman. 
Byth,    Alexander    Robertson,    Simmer    Deep. 
Ltd,  I'.  <).  Box  178,  Germiston.     Mill  Assistant. 
Gibson,  James  Monro,  Simmer  Deep.  Ltd.,  I'.  <>. 

Box  ITs.  Germiston.     Ainaluaniator 
[nglis,    William    George,    Simmer    Deep,    Ltd, 

I'.  <».  Box  ITs,  Germiston.     Mill  Shift  Boss. 
•  Lam;,     Walteb     Hooper,     Simmer     Deep,     Ltd., 

P.  ().     Box     ITs.    Germiston.       Mill     Foreman. 

( Transfer  from  Associate  Roll). 
MACGREGOR,  H.  S.,   Sim r   Deep,    Ltd..  l>.    ( ).   Lux 

L78,  Germiston.     Assistant  Manager. 
Mackenzie,      Kenneth     Russell,     East     Land 

Proprietary    Mines,    Ltd.,    I'.  <  >.    Box    94,   East 

Land.     Cyanider. 
McCoy,    Frederick   Austin,  Simmer  Deep.  Ltd., 

I'.  (>.  Box  178,  Germiston.     Amalgamator. 
Murphy,  Sewell  John,  Simmer  Deep  Ltd  .  P.  0. 

Box  ITS.  Germiston.     Mill  Shifl  Bobs. 
Ritchie,    Henri     Douglas,    Simmer    Deep,  Ltd.. 

I'.  < ».  Box  ITS.  Germiston.     Amalgamator. 
Roberts,    Frank     Gowyne     Alfred,     Kni-ln  - 

Central,  Ltd..  I".  <  >.  Box  Ml.  Germiston.     Mine 

Manager.     ( 'Transfer from  AssociaU   /,'<>H ). 
Simpson,  John,    Witwatersrand   G.M.   Co.,   Ltd., 

P.O.  Box  I.  Knights.     Colliery  Manager. 
Smith,    Thomas    Francis,    Crown    Mine-.    Ltd., 

I'.o.  l'.o\  158,   Fordsburg.     Cyanider.     t  IHihs- 

/'  r  from  .  [ssociaU  Roll) 
Tatham,    Basil    St.    John,    F.S.S.,   Randfontein 

Deep,  Ltd..  1\  0    Box  15,  Randfontein. 
I'horpe,   William    Edward,   Princess  Estate  and 

<:.    M.    ('....    Ltd..    I'.  o.  Box    I  12,    Roodej rt. 

Assayer  and  Chemist.     [Transfer  Jrotn  Associatt 

Roll. 
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Treloar,  Amos,    Rooiberg  .Minerals   Development 

Co.,    Ltd.,     P.O.    Rooiberg     via      Wai'mbaths. 

Reduction  <  >Hicer. 
Urquhart,    William    Graham,    Simmer    Deep, 

l.id.,  I'.  ( ).  Box  178.  Germiston.     Amalgamator. 
<sft  r  from  Associate  Roll. ) 
Wakefield,  Walter  Percy,  Simmer  Deep,  Ltd., 

I'.  (>.  Box  ITS.     Mill  Shift  Boss. 
Wilson,  .1.  Gordon,  M.A.,   B.Sc,  8'   Wolmarans 

Street,    Johannesburg.        Analytical    Chemist. 

The  Secretary  :  Since  ths  last  meeting  of 
the  Society  the  following  have  been  admitted  by 
the  Council: — 

As  As-ociates. — 
Bernstein,  Milton  Henry,  1'.  O.  Box  258,  Lenoni. 

Assistant  Amalgamator. 
Charters,  Alfred  Graham,  simmer  Deep,  Ltd., 

I',  t).  Box  17s,  Germiston.     Cyanider. 
Dashwood,  George  Lewin,  Simmer  and  .lack  Pro- 

prietary  Mines,  Ltd.,  1*.  O.  Box  192,  Germiston. 

Tube  Miller. 
Dudgeon  Arthur  Frederick,  P.  O.  Box  17,  Pen- 

halonga,  Rhodesia.     Mine  Owner. 
Franklin,   Francis  Roman,  Simmer  Deep,  Ltd., 

P.  O.  Box  178,  Germiston..   Amalgamator. 
Gilbertson,  Alexander,  Rooiberg  Minerals  Deve- 
lopment Co.,  Ltd.,    P.  O.   Rooiberg  via  Warm- 
baths.     .Mine  Captain. 
Heatly,  Walter  Bruce,  Simmer  Deep,  Ltd..  P.  0. 

Box  ITs.  Germiston.     Mill  Assistant. 
1Ioi..m.\.\.  Li.i;.\ai:l>  WHELPTON,  Consolidated  Gold- 

li.-Ms  of  S.  A.  Ltd.,  Laboratory,  1'.  <  >.  Box  108, 

( termiston.    Assayer. 
Hi  man,  William,  Geldenhuis  Deep,  Ltd.  (North), 

I'.  ().  Box  5,  Cleveland.     Mill  Shift  Leader. 
Mare,  Frederick  Karsten,  Geldenhnis  Deep,  Ltd. 

(North),    P.    O.    Box   14,  Cleveland.     Mill  Shift 

Leader. 

Mackay,  Hugh  Sinclair,  Simmer  Deep,  Ltd., 
1'.  O.  Box  ITS,  Germiston.     Tube  Miller. 

Methven,  Alexander  Marshall,  Simmer  Deep, 
Ltd.,  P.  (J.  Box  ITs.  Germiston.     Mill   Learner. 

Pattle,  Harold  Alfred,  Simmer  and  .lack  Pro- 
prietary Mines,  Ltd.,  P.  O.  Box  192,  Cenniston. 
( 'vanider. 

Westfield,  Frederick  Arthur,  Simmer  Deep, 
Ltd.,  P.  0.  Box  ITS,  Germiston.     Cyanider. 

As  (Students. — 
Arnot,  Nigel  Stanley,  Consolidated  Cold  Fields 

of   S.    A.,    Ltd.,    Laboratory,    P.    O.    Pox    108, 

Germiston. 
SneezUxAi,  Edward  Alfred,  Geldenhuis  Deep.  Ltd. 

(North),  I'.  0.  Box  5,  Cleveland.     Learner. 

The  President  :  1  have  much  pleasure  in 
stating  that  this  brings  our  total  membership  to 
over  1,200. 


ANNUAL   UEPOllT. 

The  Secretary  submitted  the  Annual  Report 
of  the  Council  and  the  Financial  Statement  for 
the  past  year  as  follows  : — 

Your   Council    has   great    pleasure    in    placing 

lis  report  upon  the   woi  I.   i  il    the  pasl 

year,    together    with    the     usual     Statement    of 

Accounts.     With  reference  to  the  latter  we  regret 


that  it  has  not  been  found  possible,  owing  to 
-ure  of  work  on  account  of  the  postponement 
of  the  Annual  Dinner  and  illness  of  the  Secretary 
to  place  before  you  at  this  meeting  an  audited 
statement.  This  we  hope  to  accomplish  before 
publication  in  the  Journal,  and  it  is  not 
anticipated  there  will  be  any  material  difference 
in  the  statement  from  that  submitted  to  you 
this  evening. 

The  Revenue  shows  an  increase  over  that  of 
last  year  of  £222  6s.  9d.,  each  item  of  revenue 
contributing  its  quota  to  this  result. 

On  the  other  hand,  the  Expenditure  has  in- 
creased in  every  respect  excepting  rent. 

The  cost  of  the  Journal  has  also  increased, 
owing  to  the  increase  in  the  number  of  pages  as 
compared  with  the  previous  year.  And  secondly, 
the  total  cost  of  the  extra  copies  kept  in  stock 
has  been  written  oft",  in  place  of  the  former  custom 
of  debiting  the  cost  to  the  volumes  of  Trans- 
actions. 

Your  Council  has  also  decided  to  write  down 
considerably  the  cost  of  former  volumes  now  in 
stock,  owing  to  the  fact  that  so  far  no  deprecia- 
tion in  value  has  been  allowed  in  previous  years 
on  this  account,  ::nd  further  this  item  shows  a 
considerable  increase  annually  without  possibility 
of  its  redemption  except  under  extraordinary 
circumstances.  To  meet  this  a  sum  of  approxi- 
mately £235  has  been  set  apart.  After  full 
allowance  for  the  above,  there  remains  a  surplus 
of  revenue  beyond  the  necessary  expenditure  of 
about  £44. 

Turning  to  the  Balance  Sheet,  it  will  be  noticed 
that  the  Cash  Assets  here  and  in  London  exceed 
our  immediate  liabilities  by  about  £'2-6,  in 
addition  to  which  there  is  over  £450  due  to  us 
by  sundry  debtors,  chiefly  for  Journal  advertise- 
ments, which  will  be  collected  during  the  course 
of  the  next  month. 

In  this  connection  it  may  be  stated  that  in 
accordance  with  former  resolutions  of  your 
Council  those  members,  whose  subscriptions  are 
in  arrear  for  two  years,  will  be  the  subject  of 
special  consideration  by  the  Finance  Committee 
and  should  it  be  found  that  these  members  value 
the  benefits  received  so  lightly  as  to  bestow  such 
attentions  on  the  requests  issued  by  the  Secretary 
for  payment,  as  is  usually  evidenced  by  consign- 
ment to  the  waste  paper  basket,  they  will  compel 
your  Council  to  adopt  that  judicial  attitude 
towards  them,  which  is  such  a  matter  for  regret 
to  Loth   parties. 

During  the  year  L18  Members,   86  Associates 

and   I'!  Students  were  elected  and  admitted,  1  9  of 

the  new  members  having  been  associates  who 
have  transferred  and  .">  wire  transferred  from 
the  .student  roll  to  that  of  the  associates.  The 
resignation   of   12  members  and  7  associates  have 
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been  accepted  with  regret,  while  the  loss  b} 
death,  has  been  as  follows  : — 

Prof.  II.  Bauerman  (Hon.  Member),  Messrs. 
W.  Bradford,  J.  Davies,  VV.  II  Smith.  Dr.  J.  T. 
Carrick,  and  II.  S.  Stark  (Membei 

Jn   expressing   our   sorrow   t>  the  relatii 
the    deceased,    whose    loss    as    men  of    the 

Society  we  regret,  we  desire  to  refer  especially 
to  the  pathetic  sadness  surrounding  the  death  of 
our  late  member,  Dr.  Carrick,  who  was  a 
passenger  by  the  S.S.   Waratah. 

The  tables  of  membership,  as  usually  submit  ted 
are  given  herewith,  and  show  thai  a  substantia] 
increase  to  our  already  large  membership  has 
taken  place  during  the  \  ear. 

During  the  past  year  twelve  Ordinary  General 
Meetings  were  held,  at  which  the  high  excellence 
of  the  Society's  past  record  was  maintained  both 
in  the  number  and  in  the  quality  of  the  papers 
submitted.  No  Special  General  Meetings  were 
held. 


'I'M 


The  following  is  a  list  of  the  papers  submitted 
during  the  year  : — 

L909.     The   President's  (Mr.  A.  McArthur 
Johnston)    Inaugural    Address    on    " 
( Irystallization  of  Iron  and  Si 
"  Air  Lifl  kVork  :' 

(Note),  by  Mr.  B.  C.  Travi 

Lugust,   1909.     '•  Making  of  Silver   Amalgam" 

I  Note),  by  Mr.  K.  II.  Croghan. 
"Tie-    Continuous   Collecti f   Sand    for 

Cyaniding,"  by  Mr.  \V.  A.  ( ialdecott. 
"Notes  on  Corrosion,  with  special  reference 

to  the  Corrosion  of  Steel  Winding  I; 

by  Mr.  M.  Thornton  Murray. 

September,    1909.— "A    Sketch     of    the    small 

Cyanide   Plant    as    erected    and  worked  in 
Rhodesia,"  by  Mr.  V.  ^.  Thomas. 
"A  Method  for  the  Recovery  of  Zinc   from 
solutions   of    Sulphate,"    by    Messrs.    VV. 
Cullen  and  <  >.  P.  Ayers. 

i.i:  I. 
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September,    1909.  —  "Analysis   of    Gases    from 
burning  Nitro-Glycerine   Explosives,"  by 
Messrs.  W.  ("alien  and  J).  \V.  Greig. 
"Specific  Gravity  of  Bisulphate  Solutions," 

by  Mr.  T.  Donaldson. 
"The    Development    of   Heavy   Gravitation 
Stamps"  (reprint  from   I.M.M.  Journal), 
by  Mr.  \V.  A.  Caldecott. 
October,  1909.— "The  Barberton  Goldfields,"  by 
Mr.  Alex,  ltichardson. 
"  The  Assay  of  Cyanide  Solutions  arid  Slime 
Residues  carrying  dissolved  Gold,"  by  Mr. 
A.  Whitby. 
"Experiments  on  the  Assay  of  Acid  Washes 
resulting  from  the  Cyanide  'clean  up'  by 
the    use    of    Bi-sulphate,"   by    Mr.    L.   J. 
Wilmoth. 
November,  1909.  — Some  Experiments  on   Smelt- 
ing  Titaniferous  Iron  Ore''  (Part  I.),  by 
Prof.  G.   H.  Stanley. 
"Treatment    of   Ore   Slime,"   by    Mr.   A.  F. 
Crosse,  with    addendum   on    "  The   Treat- 
ment    of     Black     Sands."     by     Mr.     F. 
Alexander. 
December,  1909.-  "Endless  Rope  Haulage,"  by 
Ah.  IP  (J.   Kay. 
"  A  Rotary  Extractor   for    Precious    Metals 
from  Solution,'   by   Messrs.  D'Arcy  Lloyd 
and  Ernest  T.  Band. 
'•'niiurv,   1910. — "The  Precipitating   Effects  of 
Qubstances   containing   various    forms    of 
( !arbon  and  ( lellulose  ou  Cyanide  Solutions 
containing   Gold   and   Silver,"  1>\   Messrs. 
A.  J.  ('lark  and  W.  J.  Sharwood. 
February,     1910.  —  '•Further     Notes     on     Hand 
Mining,"  by  Mr.  Tom  Johnson, 
'■'ldie  Tube-Mill  Circuit  and  Classification," 
by   Mr.  G.  O.  Smart. 
March,     1910.   -■•Tin-    Assay   of    Tin    (  Ires,"    l,\ 
Mr.  Jas.  Gray. 
"Mining  at   the   Redjang-Lebong  Gold  and 
Silver  .Mine,  Sumatra,''  by  Mr.  H.  Phil p 
April,  L910.      "Test   tor    Prussic    Acid''  (Note), 
l'\   1  )r.  .).  Moir. 
"The  Treatment  of  Accumulated  Slime,  and 
the    use   of    Filter   Presses  for  Clarifying 
Slime  Solution   and  By-Products,"  by  Mi'. 
J.  D.  O'Hara. 
"Some  Experiments  on  Smelting  Titaniferous 
[ron  Ore" (Part II),  by  Prof.  G.  II  Stanley. 
May.  1910.      Grading  Analyses  and  their  Appli- 
cation," by  Mr.  11.  Sadler. 
"  Experiments  on   the  Precipitation  of  ( (old 
from    Cyanide    Solutions    by    Carbon    in 
Lime,"  by  Mr.  E.  II.  ( Iroghan. 
dune.  1 910.      •'  Sand    Filling  on    lire    Witwaters- 
rand,"  by  Mi .  Edgar  Pam. 
"The    Destruction    of    Cyanide,"     by     Dr. 
.lames  Moir  and  Mr.  Jas.  Gray 


There  were  thus  submitted  25  original  papers 
during  the  year,  the  reading  of  which  and  the 
discussions  thereon  tended  to  make  the  meetings 
both  instructive  and  interesting.  The  result  is 
most  noticeable  in  the  large  attendance  at  all  the 
meetings.  The  greatest  number  present  was  124 
at  the  November  meeting,  and  the  average  for 
the  year  was  97,  an  advance  of  29  per  meeting 
over  the  previous  year.  We  can  claim  that  the 
Society  was  never  in  a  more  healthy  state, 
financially,  numerically  and  in  the  interest 
evinced  by  the  members. 

The  Annual  Dinner  maintained  its  reputation  as 
one  of  the  important  functions  of  the  year  both  from 
a  social  and  political  point  of  view.  The  speeches 
of  Mr.  F.  D.  P.  Chaplin,  who  proposed  the  toast 
of  South  Africa,  and  of  Mr.  P.  Duncan,  who 
replied,  were  listened  to  with  great  interest,  since 
they  expressed  the  hope  of  greater  activity  in  the 
colonisation  of  South  Africa. 

During  the  year  thirteen  Council  Meetings 
were  held.  The  average  attendance  at  these 
meetings  was  1 4,  which  affords  excellent  testi- 
mony that  the  Society's  affairs  was  well  looked 
after  during  the  year.  The  attendances  of 
Members  of  Council  for  the  period  were  as 
follows  : — 
Mr.  A.  McA.  Johnston*  9  Mr.  E.  H.  CWhan 


10 


„    W.  P.  Dowling- 

Dr.  J.  Moir      -          -  7 

Mr.  C.  B.  Saner        -  1 1 

„    A.  F.  Crosse  2 
,,    S.  H.  Pearce 

\V.  A.  Caldecott  9 

W.  Cullen          -  2 

!.  G.  Bevington  1  0 

9 


Dr. 
Mr. 


,,    M.  CuHen- 
,,    K.  L.  Graham    - 
,,    E.  J.  Laschinger 

,,    A.  Richardson  7 

„    G    ().  Smart       -  10 

Prof.  <i.  11.  Stanley-  12 

Mr.  .'.  E.  Thomasi  -  7 

..    A    Whitby         -  G 

.,    J.  Littlejohn      -      9    ,.    H.  A.  White      -  13 

..    E.F.Alexander   10  Prof.  J.  A.  Wilkinson  I .". 

<i ranted  3  months'  leave.  tGranted  4  months'  leave. 

In  addition  to  these  meetings  many  of  the 
Members  of  Council  were  called  upon  to  serve  on 
the  Editorial,  the  Publications,  and  the  Finance 
CJommittees,  whilst  various  sub-committees  have 
been  appointed  during  the  year  to  investigate,  and 
report  to  the  Council  on,  matters  pertaining  to 
your  interests.  These  committee  meetings  have 
taken  a  considerable  amount  of  time  and  the 
Council  is  indebted  to  those  members  who  have 
served  thereon  and  who  always  ungrudgingly 
devoted  themselves  to  assist  the  welfare  of  the 
Society. 

One  of  the  most  noteworthy  events  in  the 
history  of  the  Society  during  the  past  year  has 
been  the  introduction  of  the  system  of  admitting 
apprentices,  <>r  learners,  into  the  Society,  on  the 
smie  status  as  students.  As  you  will  have  noted, 
this  has  been  largely  taken  auvantage  of,  though 
it  is  felt  tint  the  system  may  be  still  further 
e   tended    amongst    our    younger    workers     with 
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benefit  to  themselves  ai  d  to  the  industry  at  large. 
It  is  to  these  apprentices  that  the  Society  mutt 
look  for  its  future  extension  and  management, 
and  it  is  hoped  that  the  ensuing  twelve  months 
■will  note  a  large  increase  in  their  numbers. 

A  pamphlet  is  being  drafted  on  the  lines  laid 
down  by  Drs.  Macaulay  and  Irvine  in  their  paper 
on  "Safety  Measures  in  .Mining,"  wherein  it  is 
hoped  to  state  in  brief  and  convenient  form 
many  of  the  measures  therein  mentioned 
The  publication  of  this  is,  however,  held. back 
until  the  report  of  the  Mining  Regulations  Com- 
mission has  been  published,  since  it  is  anticipated 
that  useful  and  authoritative  data  may  be 
extracted  therefrom,  which  will  considerably 
enhance  the  value  of  the  pamphlet.  In  the 
meantime,  rules  to  be  observed  in  the  handling 
of  high  explosives  are  being  drawn  up  at  our 
instigation  and  with  the  assistance  of  the  Chamber 
of  Mines.  It  is  hoped  these  will  shortly  be 
finally  approved,  and  in  due  course  issued  to  all 
mines  wherein  such  explosives  are  used. 

It  will  have  been  noted  that  during  the  year  a 
system  of  abstracting  particulars  of  some  of  the 
patents  applied  for  in  the  Transvaal,  which  would 
more  particularly  interest  members,  has  been 
adopted.  This  has  evidently  met  with  approval, 
since  it  assists  in  keeping  members  advised  in 
greater  detail  than  is  possible  in  the  ordinary  list 
of  patent  applications. 

During  the  year  advantage  has  been  taken 
of  the  arrangement  made  some  years  ago  with 
the  Institution  of  Mining  and  Metallurgy,  and  a 
paper  read  at  one  of  thatlnstitution'smeetings  was 
reprinted  in  our  Journal  and  the  joint  discussion 
published.  This  met  with  considerable  success 
and  also  enhanced  the  value  of  our  proceedings. 
Further  a  paper  has  now  been  conjointly  read 
and  discussion  will  proceed  in  this  as  in  the 
former  case. 

You  will  have  seen  that  the  Institution  of 
Mining  and  Metallurgy  have  issued  its  sub- 
committee's report  on  the  Standardization  of 
Bullion  and  Assay  Values.  As  individuals  your 
members  have  given  their  opinions  concerning 
these  standards,  but  it  was  felt  that  no  action 
should  be  taken  by  the  Council  as  a  body.  As 
soon,  however,  as  the  final  recommendations  of 
the  Institution  of  Mining  and  Metallurgy  are 
published,  it  may  be  necessary  to  bring  the 
matter  before  you  to  determine  whether  it 
would  not  tend  to  improve  our  systems  here  by 
following  the  lines  p.dopted  by  that  body. 

We  desire  to  mention  that  considerable  interest 
has  been  added  by  the  visits  to  the  Hand  of  a 
past  president  of  the  Institution  of  Mining  and 
Metallurgy,  Mr.  W.  McDermott,  and  a  Member 
of  Council,  Mr.  F.  W.  Harbord. 


There  has  been  issued  to  members  and  to 
mining,  metallurgical  and  chemical  men  through- 
out the  world,  the  draft  report  of  our  sub- 
committee on  the  standardization  of  metallurgical 
and  mining  terms.  Since  uniformity  in  the  usage 
of  these  and  similar  terms  is  much  to  be  desired, 
your  Council  would  commend  this  draft  to  the 
notice  of  all  members  in  the  hope  that  they 
will  express  opinions  on  the  words  contained 
therein  and  that  they  will  assist  the  sub-committee 
in  still  further  enlarging  the  scope  of  the  enquiry 
by  submitting  other  words  and  phrases  which 
might  well  be  included  in  the  list. 

The  Committee  on  the  Standardization  of 
Materials,  of  which  mention  was  made  in  the 
last  annual  report  and  to  which  your  President 
and  Prof.  Wilkinson  were  appointed  to  act  on 
behalf  of  your  Society,  has  not  met  during  the 
year,  so  that  no  record  of  progress  is  to  be 
reported.  It  is  felt  that  some  action  should  lie 
taken  to  place  many  of  the  commercial  producti- 
on a  b^sis  whereby  certain  standards  may  be 
accepted  as  a  guarantee  of  quality,  and  also  that, 
uniformity  be  adopted  in  making  the  necessary 
tests.  If  the  aforementioned  committee  do  not 
recognise  the  value  of  proceeding  with  this  at 
once,  it  might  be  advantageous  to  this  Society  to 
consider  the  recommendation  of  standards  both 
in  quality  of  materials  and  in  methods  adopted 
in  their  testing  or  analyses. 

A  sub-committee  of  your  Society  had  the 
honour  of  placing  the  views  of  your  Council  on 
Electric  Power  Schemes  before  the  Power 
Companies  Commission. 

The  question  of  Closer  Union  between  the 
various  technical  societies  on  the  Panel  has  not 
been  further  discussed  by  your  Council. 

The  number  of  our  Corresponding  .Members  of 
Council  has  been  doubled  during  the  past  twelve 
months.  The  new  members  appointed  consist  of 
of  a  past  Vice-President,  Mr.  T.  Lane  Carter,  and 
Dr.  W.  J.  Sharwood,  both  of  whom  assist  Mr. 
( r.  M.  Taylor  in  looking  after  our  interests  in  the 
United  State.-,  of  America,  whilst  Mr.  H.  M. 
Leslie  and  Mr.  E.  (!.  Banks  have  been  kind 
enough  to  represent  us  in  India  and  Xew  Zealand 
respectively  It  was  felt  that  Rhodesia  might 
well  be  brought  more  directly  in  touch  with  our 
Council  here  and  with  this  end  in  view,  Mr. 
Clement  Dixon  and  Mr.  C.  B.  Kingston  (both 
past  Members  of  Council)  kindly  consented  to 
further  our  interests  amongst  the  mining  men  of 
that    country. 

We  would  beg  to  record  our  sincere  thanks  to 
all  our  Corresponding  Members  of  Council  for 
the  encouragement  which  they  have  from  time  to 
time  given  us  by  making  suggestions,  forwarding 
the  names  of  new  members  or  associates  and  in 
obtaining  papers.      In  particular  we  would  thank. 
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our  representative  in  Great  Britain,  Mr.  G,  T. 
Eolloway,  for  the  kind  interest  he  takes  in  our 
members  during  visits  to  London. 

In  view  of  the  increase  in  the  number  of 
Student  Members,  who,  as  has  already  been 
stated,  are  recruited  not  only  from  the  various 
colleges  but  also  from  mines  and  works,  your 
Council  decided  to  give  as  much  practical 
encouragement  as  possible  to  this  class  of 
members  in  their  technical  studies,  by  instituting 
a  scheme  of  prizes  the  details  of  which  will  be 
published  for  your  information.  The  scheme, 
drawn  up  by  your  Council  was  duly  submitted 
to  the  Council  of  the  Transvaal  University 
College  and  accepted  by  that  body  as  formulated. 

A  list  of  the  Members  of  the  Society  was  issued 
in  November  last.  The  proposal  to  publish  a 
decennial  Index  did  not  meet  with  sufficient 
encouragement  to  warrant  proceeding  with  this, 
and  so  the  matter  has  been  allowed  to  stand  over 
for  the  present. 

The  attendance  at  the  Social  Dinner  prior  to 
the  moithly  meetings  has  been  encouraging  during 
the  past  year,  and  members  are  reminded  that 
these  pleasant  functions  will  still  be  continued. 

Our  Secretary,  Mr.  Fred.  Rowland,  has  been 
indefatigable  in  his  efforts  towards  furthering 
the  Society"s  interest  in  all  direction?.  He  has 
extended  his  hours  of  attendance  so  that  should 
members  desire  to  find  him  in  his  office,  he  will 
be  there  between  the  hours  of  10  and  4  on 
Mondays  and  Saturdays. 

In  conclusion,  your  Council  would  take  this 
opportunity  of  again  acknowledging  the  indebted- 
ness of  Members  to  the  Transvaal  University 
College  for  the  accommodation  of  the  Secretari  1 
department  and  for  the  use  of  the  Lecture  Loom 
for  the  monthly  meeting;  to  .Messrs.  Van 
llulsteyn.  Feltham  it  Fry,  the  Hon.  Solicitors,  for 
legal  advice  and  assistance  ;  to  the  Hon.  Auditors, 
Messrs.  Alex.  Aiken  and  ( 'arter;  and  to  your  Hon. 
Treasurer,  Mr.  James  Littlejohn,  in  whose  capable 
hands  has  so  long  rested  the  financial  control  of 
the  Society.  Your  Council  would  also  express 
the  acknowledgments  of  the  Society  to  the  local 
press  for  the  space  accorded  and  the  publicity 
given  to  the  Proceedings  of  the  Society  and 
notices  of  its  activities. 

The  President :  T  beg  to  move  that  the 
Annual  Report  and  Statement  of  Accounts  lie 
formally  adopted. 

Dr.  J.  Moir  |  Via  President)  :  1  have  much 
pleasure   in   seconding  the    motion.       I    do    not 

think  there  is  any  special  reference  I  have  to 
make  on  the   Eleporl  except  to  the   great    progress 

we  have  made  this  year,  and  the  increasing  wide- 
ness  of  view  and  scope  of  the  Society  and  its 
papers.      It  seems  probable  that  within  the  next 


year  or  two  we  shall  have  to  sub-divide  the 
Society  to  some  extent,  or  re-arrange  our  proceed- 
ings as  the  result  of  this  extraordinary  catholicity 
of  view. 

The  motion  was  agreed  to. 

The    President :     Now   that   the    Council's 
Report  has  been  adopted,  it   behoves   me  to  say 
good-bye   to  you   as  President.      Fortunately   in 
this    Society   the  precedent  demands  that   there 
shall    lie    no  valedictory  address  ;     1  hope  you   all 
appreciate  that   as   much   as    I   do.      During  the 
President's  term  of   office  there   is  always  a   con- 
siderable amount  of  work   devolving  upon  him, 
and  I  sympathise  with  your  future  President  in 
the  duties  which  he  will  be  called  upon  to  under- 
take.    When  I  took  over  the  office  nearly  a  year 
ago  T  felt  very  much  non  plussed  with  regard  to 
how  I  was  going  to   manage,  and    because    1    felt 
there   were  many  members  in   this   Society  much 
more  qualified  to  do  the  work  than  I  was.    I  was, 
however,  in  a  very  fortunate    position   because    I 
had   three  excellent  Vice-Presidents  and  12  good 
men  and  true  as  Members  of  Council.     In  addi- 
tion, your  financial  affairs  were  in  the  hands  of  a 
very  sound  member,  who  has  been  already  alluded 
to  in   this  Report — Mr.    Littlejohn.      I    am   sure 
the     Society    is     very    much     indebted     to     Mr. 
Littlejohn  for  the  good  work  he  has  done  in  the 
past.  Although  one  of  our  most  retiring  members 
and  although  we  seldom  hear  him  in  discussion, 
we  know  the  good  work  he  does,  and    1   am   sure 
von  will  show  your  warm    approval    by  according 
him  a  special  vote  of  thanks.      My  year  of  office 
has  been  very  pleasureable  to  me,  and  1  can  only 
say  that  1  retire  from  it  with  a  certain  amount  of 
regret.     On  the  year's  working  we  have  made  a 
profit,  though  that   profit  has  not  been  large.    This 
accords  very  much  with  my  \iew.   The  individual 
is  different  from    a    Society.       For   the    individual 
it  is  necessary  as  the  years  go  on  that   he  should 
consider  the  time  may  come  when  he  will  not  be 
able    to    continue    the    fight    as   of   old.      On  the 
other  hand,  a  sound  society   ought   to  have  new 
blood    coming    in    year  after  year,  and   it  is  new 
blood  we  have  to  foster  and  encourage.      There  is 
no    necessity    therefore    for    hoarding    up    funds 
which  will  keep  the  Society  going  in  future  \  •  ars. 
and    1    believe    the    best  possible  way  of   making 
any  society  a  success  is    to    make    it    independent 
of  itself  year  by  year,  and  let   the  members  who 

are  paying  their  fees  at  the  present   tune    get   the 

benefit  of  those  U-i->.  This  we  are  trying  to  do 
by  giving  them  dividends  in  the  form  ol  material 
which  is  printed  in  our  .A  „,  nal  With  n 
to  the  future  policy  ol  the  Society,  which  Dr. 
Moir  has  hinted  at  to-night,  there  oughl  to  be 
a  little  more  encouragement,  to  begin  with  at 
an\   rate,  given  the  mining    side   of    our    Society. 
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This  might  be  achieved  by  having  every  third 
meeting  a  mining  night,  so  that  this  might  be 
devoted  to  papers  dealing  with  mining,  and  any 
man  interested  in  the  mining  side  of  our  Society 
could  come  here  and  converse  on  the  subject, 
knowing  he  will  not  have  to  wait  late  before  the 
paper  he  wishes  to  discuss  comes  on.  In  this 
way  we  make  a  beginning  towards  what  may 
turn  out  to  be  a  greater  scope  for  our  Society  in 
the  encouragement  of  mining  subjects,  and  we 
would  hope  to  have  still  more  meetings  devoted 
to  mining.  In  conclusion,  I  thank  you  very 
much  for  the  encouragement  you  have  given^  me 
during  the  past  year,  and  for  the  sympathy 
extended  me  during  that  time.  I  will  now  call 
upon  the  Secretary  to  read  the  Scrutineers'  report 
with  regard  to  the  Officers  and  Councillor  1910- 
1911. 

The  Secretary  read  the  Scrutineers'  report, 
as  follows  : — ■ 

Johannesburg,  18th  June,  1910. 
The  President, 

Annual  General  Meeting  oe  Members. 

Dear  Sir,  —  We  have  received  from  the 
Secretary  this  day  200  ballot  papers,  which  we 
have  opened  and  examined. 

Hereunder  we  beg  to  hand  you  the  result  of 
our  scrutiny. 

President  : 

Dr.  James  Moir. 

Vice-Presidents  : 

Mr.  C.  B.  Saner.  Mr.  W.  R.  Dowling. 

Prof.  G.  H.  Stanley. 

Members  of  Council: 


Mr.  K.  L.  Graham. 

,,    G.  O.  Smart. 
Prof.  J.  A.  Wilkinson 
Mr.  A.  Whitby. 

„    F.  F.  Alexander. 

„    H.  A.  White. 


7  Mr.  A.  Richardson. 

8  ,,    E.  J.  Laschinger 

9  „    E.  H.  Croghan. 

10  „    Jas.  E.  Thomas. 

11  ,,    Tom  Johnson. 

12  ..    Robert  Allen. 


There  being  no  opposition  the  Hon.  Treasurer, 
Mr.  James  Littlejohn,  is  re-elected  unanimously 
Yours  faithfully, 
Sgd.     Jas.  Lea,     1 
„       A.  Thomas,  -  Scrutineers. 
„       S.  Newton,  J 

The  President  :  After  hearing  the  report  of 
the  Scrutineers  I  have  to  congratulate  you  very 
much  on  having  elected  Dr.  Moir  as  President  of 
our  Society.  You  all  know  Dr.  Moir  very  well, 
and  I  am  sure  that  a  man  of  his  high  attainments 
will  make  an  excellent  President,  and  that  the 
Society  will  improve  greatly  under  his  care.  The 
work  which  Dr.  Moir  has  done  has  not  been  con- 
fined to  what  he  has  said  to  us  at  our  meetings, 
but  to  the  getting  out  of  our  Journal  during  the 


whole  of  the  year.  This  is  a  work  which  can 
only  be  appreciated  by  those  who  have  worked 
with  him.  I  am  sure  he  will  considerably 
enhance  the  reputation  of  the  Society  during  the 
forthcoming  year. 

Dr.  J.  Moir  {Vice-President):  I  thank  you 
very  much  for  the  signal  honour  you  have  con 
ferred  on  me  in  appointing  me  your  President 
this  year,  and  I  thank  Mr.  Johnston  too  for  the 
kind  way  he  has  spoken  of  me.  I  say  it  is  a 
signal  honour  because  it  is  really  the  highest 
honour  which  the  Rand  has  to  confer  upon  any 
scientific  man — at  all  events  this  is  the  largest 
and  most  influential  Society  on  the  Rand,  and  I 
feel  the  responsibility.  The  fact  that  you  have 
elected  such  an  excellent  selection  of  Vice- 
Presidents  and  such  a  hard  working  Council — 
in  fact  you  have  appointed  practically  all  the 
hard  workers — encourages  me  much  in  my  very 
difficult  task.  Unfortunately  I  am  not  much  of 
a  speechmaker,  and  I  do  not  look  forward  very 
much  to  that  part  of  my  duty,  but  with  the  help 
of  these  gentlemen  I  shall  do  my  best,  Someone 
has  written 

"  A  little  limelight  now  and  then 
Is  relished  by  the  wisest  men  " 

or  something  very  flattering  like  that.  That 
expresses  my  position  very  well,  and  although  I 
am  not  naturally  fond  of  the  limelight  I  feel  it  is 
my  duty  to  accept  the  position,  and  I  feel  I  shall 
manage  with  the  assistance  of  the  Vice-Presidents 
and  Council. 

Mr.  Chas.  B.  Saner  (Vice-President):  I 
feel  I  should  like  to  congratulate  the  Society 
upon  its  wise  choice  in  electing  Dr.  Moir  as 
President,  and  I  think  that  the  members  of  the 
Society  have  cause  for  self  congratulation  in 
recording  their  votes  for  so  many  of  the  old 
Council  of  last  year.  By  doing  so  they  have 
shown  their  appreciation  of  the  hard  work  those 
Councillors  have  d^ne  during  the  past  year.  '1  hat 
work  has  not  shown  itself  very  much  in  public, 
but  any  of  those  who  enter  the  Council  will 
realise  that  it  is  hard  work.  Also,  the  right 
infusion  of  new  blood  is  a  good  thing  for  the 
Society.  It  is  always  necessary  that  a  vigorous 
and  lively  society  such  as  ours  should  have  new 
blood  brought  in,  and  that  we  should  confer  that 
honour  every  year  upon  one  or  two  active 
members  of  the  Society  who  may  previously 
have  scoffed  at  the  honour,  but  who  will  speedily 
realise  that  it  is  not  all  beer  and  skittles  but 
mure  skittles  than  beer.  One  thing,  as  a  mining 
man,  I  would  like  to  urge  upon  the  mining 
members  of  the  Society  tonight,  and  that  is 
not  to  hide  their  light  under  a  bushel  as  they 
have  done  in  the  past  but  to  come  forward 
and   read   short  and  concise  papers.      We  know 
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they  have  not  time  to  write  long  and  weari- 
some papers,  but  they  can  bring  forward  short 
and  concise  notes,  not  necessarily  giving  to 
the  members  only  successful  results  of  what  they 
have  done  but  what  they  would  like  to  have  done 
though  tlie\  tailed.  I  am  quite  certain  thai  on 
the  Hand,  with  its  <i0  miles  of  reef,  there  are 
many  problems  of  great  importance  daily  faced 
and  solved  by  those  who  work  underground.  If 
they  will  only  give  us  the  benefit  of  their  experi- 
ence we,  who  are  less  fortunate,  may  lie  able  to 
benefit  by  it.  I  am  quite  certain  that  if  the 
mining  men  will  only  come  forward  and  give  us 
papers  not  only  the  Society  but  the  mining 
industry  will  benefit  by  the  interchange  of  ideas. 
That  is  what  we  are  here  for.  By  the  inter- 
change of  ideas  we  benefit  ourselves  and  benefit 
the  various  mines.  1  most  heartily  thank  the 
mend icis  of  the  Society  for  having  elected  me  as 
a  Vice-President  for  the  coming  year. 

Prof.  G.  H.  Stanley  (Mt,ni,.r  of  Council)  ;  I 
beg  to  propose  a,  vote  of  thanks  to  the  gentlemen 
who  acted  as  scrutineers.  It  is  a  tedious  sort  of 
thing  to  have  to  go  through  some  hundreds  of 
ballot  papers,  and  1  therefore  think  they  deserve 
the  hearty  vote  of  thanks  of  the  Society.  I  have 
also  to  return  thanks  for  my  own  election  as 
Vice  President  of  the  Society,  which  1  value  very 
highly. 

Mr.  J.  Gray  (Member):  I  should  like  to 
second  the  proposal.  For  five  years  1  acted  as 
scrutineer.  This  year  I  sought  higher  honours 
but  have  been  "  unplaced." 

Mr.  S.  Newton  (Member)  :  On  behalf  of  the 
scrutineers  I  thank  you  very  much. 


SAND-FILLING  OX  THE  WITWATERS- 
RAND. 


By  Edgab  Pam,  A.R.S.M.  (Member  . 

The  process  of  tilling  up  worked  out  areas  on 
mines  with  sand  has  been  in  use  for  some  years 
in  various  parts  of  Europe  :  water  is  used  in  all 
cases  .i-  a  carrying  ami  depositing  medium 

Sand  tilling  has  been  carried  on  f  >r  over  a 
year  at  the  Robinson  Gold  Mining  Company's 
mine,  but  only  on  a  small  scale,  and  before  com- 
mencing to  lower  large  tonnages,  it  was  decided 
by  Messrs.  II.  Eckstein  &  ( '".  to  secure  the 
es  of  an  engineer  who  had  previous  experi- 
ence of  this  work.  Mr.  Waller  ol  Kaltowitz, 
Silesia,  accepted  the  appointment,  and  the  follow- 
ing is  an  account  of  the  system  recommended  bj 
him,  modified,  of  course,  to  suit  local  conditions  : 

For  convenience  I  will  follow  the  sand  from 
its    temporary    abode    on    the    dump    to    its    final 


resting  place  underground.  The  method  of  trans- 
port from  the  dump  to  the  shaft  is  purely  a 
mechanical  question  and  1  will  touch  only  on  the 
main  points. 

Where  there  is  a  fall  of  1<»  or  more  from  the 
fo  •'  of  the  dump  to  the  shaft,  or  where  the  ground 
can  be  excavated  to  get  this  fall,  hydraulic  sluicing 
is  undoubtedly  the  best  method  ;  more  usually, 
however,  this  inclination  cannot  be  obtained 
without  great  expense,  and  either  conveyor  belts  or 
mechanical  haulages  would  have  to  be  used.  With 
either  of  these  two  methods  of  transport,  the 
sand  is  dumped  into  a  brick  lined  bin  excavated 
near  the  shaft  and  connected  to  it  by  a  tunnel. 
The  bins  which  are  at  present  in  Use  are  40  ft. 
long,  30  ft.  detqi  and  10  ft.  wide,  holding  from 
500  600  ton... 

Parallel  to  the  long  axis  of  the  bin  mid  divided 
from  it  by  a  brick  wall  is  a  tunnel  6  ft.  wide  and 
8  ft.  high.  The  bottom  of  the  bin  is  built  with 
a  25%  fall  towards  the  tunnel,  ami  through  the 
dividing  wad  are  four  openings,  10  in.  high  and 
6  in    broad,  into  which  the  water  is  sprayed. 

A  mixture  of  sand  and  water  comes  out  through 
the  openings  under  the  nozzles  and  falls  into  a 
launder  which  has  a  fall  of   Ii'J,       to   15     . 

The  sluicing  water  which  is  supplied  under  a 
pressure  of  50  lb.  per  square  inch  is  forced 
through  four  \  in.  nozzles  and  washes  200  tons 
of  sand  per  hour  down  the  mine. 

The  mixture  running  into  the  launder  is  by 
volume  equal  parts  of  sand  and  water,  or  by 
weight  60  parts  of  sand  and    b>  <>f  water. 

In  addition  to  the  four  nozzles  above  men- 
tioned, there  is  one  more  which  leads  clean  water 
direct  into  the  launder.  This  is  used  for  washing 
out  the  pipes  before  and  after  use.  and  is  an 
essential  precaution  against  choking  in  the  pipes. 

The  mixture  of  sand  and  water  has  now  reached 
the  shaft,  and  as  a  rule  it  here  fads  through  a 
hopper  into  the  pipe.  Ordinary  5  in.  and  6  in. 
pipes  without  lining  have  been  used  so  far.  but 
owing  to  tl ombined  action  of  sand  and  water, 

ail'  lint  expected  to  last  long.  Some  special  7  ill. 
pipes,    and    ">   16    in.    walls,    which    will    be    lined 

with  Jarrah  w 1  1  in.  thick  have  therefore  been 

procured  from   Europe. 

The  lining  will  lie  inserted  in  short  length-  of 
about  8  in.,  so  that  e\  en  should  a  section  of  the 
lining  gel  loose  it  will  not  stick  in  the  bends  and 
cause  a  choke,  but  go  right  down  the  pipe  and 
out  with  the  sand. 

The  pipes  have  loose  flanges  and  are  of  dead 
lengths  SO  that  they  can  be  turned  and  replaced 
more  easily.  They  will  be  turned  at  freqent 
intervals  in  order  to  equalise  wear. 

In  incline  shafts  and  stopes  the  pipes  may  be 
replaced  by  launders,  which  are  cheaper  and  less 
liable  to  lie  choked. 
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FIG.   I.     SAND   BIN. 


When  debating  the  route  of  the  pin"  line  there 
was  at  first  considerable  discussion  as  to  whether 
horizontal  lengths  could  be  used,  but  the  only 
objection  found  against  them  is  that  a  greater 
quantity  of  water  must  be  nsed  for  washing  out 
the  line.  The  length  of  a  horizontal  pipe  line 
must  of  course  bear  some  -  ire  in 

the  column.  Mr.  Waller  says  that  thecustomin 
Selisia  is  to  allow  300  ft.  of  horizontal  pipes  for 
every  100  ft.  of  vertical  he  id. 

For  the  installation  so  far  planned  it  lus  not 
been  necessary  to  approach  this  limit,  but  600  ft.  of 
horizontal  pipes  are  working  well  at  the  2,000  ft. 
level. 

Of  upgrades  we  have  so  far  no  experience, 
they  are  undoubtedly  possible,  but  it  is  question- 
able if  they  will  prove  expedient. 


The  only  valves  on  the  pipe  line  are  for  devia- 
ting the  stream  from  one  branch  to  another  and 
one  valve  is  always  opened  before  the  other  is 
closed.  The  flow  of  sand  can  only  be  started  or 
stopped  from  the  surface,  and  it  is  therefore 
ssary  to  instal  a  reliable  system  of  telephones 
so  that  instructions  can  be  given  from  below. 

Eaving  traced  the  course  of  the  sand  a>  far  as 
the  top  of  an  old  stope,  it  will  now  be  necessary 
to  describe  what  work  has  been  done  to  prepare 
the  stope  for  -and  filling. 

All  boxholes  must  be  closed  up  above  the 
pillars  by  means  of  uprights  well  hitched  and 
1 1  in.  deals. 

The  deals  arc  of  course  nailed  on  from  inside 
tic  stope  and  must  be  fitted  closely  on  to  the 
pillars,  tout  wall  and  hanging. 


June  liilM 


Edgar  Pam     Sand  Filling  on  the  IViticatersrand. 


4.,  I 


Any  crevices  are  filled  with  grass  which  is 
rammed  in  tight  and  kept  in  place  by  a  piece  of 
wood. 

Where  possible,  the  sand  rests  against  a  shaft 
or  boundary  pillar  on  one  side,  but  the  other  is 
usually  built  up  similarly  to  the  boxholes,  the 
uprights  being  •'>  to  4  ft.  apart. 

The  chief  point  to  keep  in  mind  in  filling  a  stupe 
is  to  allow  as  little  pressure  as  possible  on  t  be  Karri- 
cades,  and  for  this  reason  the  area  to  be  filled 
should  be  as  long  as  possible,  and  the  water 
should  have  a  tree  outflow. 


i&2£^2^^22£2^ 
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The  outflow  is  usually  through  openings  in  the 
side  barricade;  these  are  1  2  in.  wide  and  the  1'ull 
height  of  the  stope.  As  the  sand  rises  the  open 
ings  are  closed  from  the  bottom  so  that  only  the 
water  lying  on  the  sand  can  get  away.  These 
openings  are  so  spaced  up  the  barricade  that 
water  is  flowing  out  at  the  bottom  of  one  before 
the  lower  one  is  closed  right  up. 

This  outflow  is  always  as  far  as  possible  from 
the  inflow,  so  that  as  much  sand  as  possible 
settles  along  the  bottom  of  the,  stope.  but  even 
when  this  length  is  considerable  (500  ft.)  it  is 
accessary  to  clear  the  water  by  overflow  over  a 
series  of  weirs  and  settling  sumps  before  it  is 
allowed  to  reach  the  pump. 

Filling  is  atpresenl  proceeding  in  old  stopes  only 
but  it  is  intended  as  soon  as  possible  to  fill  directly 
behind  the  present  stope  faces.  It  is  possible 
that  this  method  of  packing  may  induce  the 
mines  to  alter  t  heir  present  method  of  stoping, 
as  it  may  pay  to  break  the  ground  in  strips  along 

the  Strike  Starting   off    from    the    drive.       In    this 

case  a  stope  would  be  started  by  cutting  awaj  50 
or  60  ft.  up  the  dip,  building  a  timber  barricade 
where  our  present   drive   pillars  are  j  filling   the 

area  stoned  with  sand,  laying  rails  on  the  sand 
and    then    stoping  up  again  and  SO  on  to  the  top 

of  the  drive. 


Sand-filling  would  lie  equally  applicable  to 
our  present  method  of  stoping,  but  the  scheme  1 
mention  would  have  the  advantage  that  drive 
pillars  would  be  saved  and  shovelling  and  tram- 
ming cheapened.  However  this  is  a  matter  for 
the  future  and  only  experience  will  prove  whether 
it  is  practicable  or  not. 

I  hesitate  before  touching  on  the  chemical  'pie., 
tions  before  suchan  audience,  and  will  onlymention 
that  at  present  we  are  lowering  only  sand  from  old 
(lumps  which  contain  no  trace  of  cyanide.  As 
an  additional  safeguard  recommended  by  I  >r.  Moir, 
we  are  sampling  the  dumps  ahead  of  our  work 
and  testing  for  acidity,  the  idea  being  that  by 
the  time  the  sands  have  become  acid  all  trace, 
of  cyanide  will  have  disappeared.  Our  only 
chemical  treatment  at  present  is  the  addition  of 
lime  to  save  the  pipes  and  pumps,  but  we 
hope  in  the  near  future,  with  the  help  of  some  of 
the  members  of  this  Society,  to  have  a  pi 
which  will  enable  us  to  use  current  sands  with 
absolute  safety 

Our  experiments  in  concentration  and  gold 
recovery  have  not  yet  given  us  results  worth 
discussing,  but  we  trust  to  pay  some  of  our 
expenses  by  this  means. 

I  regret  that  owing  to  the  short  time  the  work 
has  been  in  progress,  1  can  give  you  no  details  as 
to  the  probable  cost  of  the  process,  but  I  think 
that,  after  hearing  the  advantages  which  I  will 
summarise,  you  will  agree  with  me  that  even  if 
it  prove  expensive,  sand-filling  should  be  univer- 
sally adopted. 

Advantages. 

1.  First  and  foremost,  greatly   increased   safety 

for  our  mining  population. 

2.  [ncreased  security  of  shafts  and  mine  work- 
ings, which  are  among  the  biggest  assets  of 

I  'niteil  South  Africa. 

3. — Improved  ventilation  underground 

(a)  Since  practically  the  same  amount  of  air 
will  pass  through  a  smaller  area,  its 
velocity  niusi  increase. 

{/>)    The  air  can    be    guided    into    the    pi 

where  men  are  working,  and  will  not  he 
dissipated  in  worked  out  areas. 
4. — Increase  of  ore  reserves,  as  fewer  or  no  pillars 

will  lie  left  and  hence  become  an  asset  to  the 

country  and  shareholders. 

5.  Reclaiming  of  old  pillars  and  footwalls,  im- 
possible without  a  sound  method  of  support- 
ing the  banging. 

6.  Removal    >>!     dumps    from    the    surface    thus 
diminishing    the   dust    nuisance,   improving 
the    aspect     of    the    town    ami    setting    fi 
large  an  1-  of  ground  for  useful  purp< 
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7. — Possibility  of  mining  at  great  depths.  When 
getting  near  the  maximum  crushing  strain 
of  quartzite,  supporting  ground  by  pillars, 
waste  packs  and  sticks  is  almost  absurd 
except  as  a  temporary  measure. 

Finally,  I  have  to  express  my  gratitude  to 
Mr.  Waller  and  many  other  technical  gentlemen 
who  have  assisted  me  in  the  work  which  I  have 
endeavoured  to  describe  to  you,  and  also  to  thank 
the  firm  with  which  I  am  connected  for,  giving 
me  permission  to  publish  the  results  of  experience 
gained  on  their  mines. 

Mr.  Chas.  B.  Saner  (Vice-President):  In 
moving  a  vote  of  thanks  to  Mr.  Pam  for  his 
able  and  interesting  paper  I  will,  with  your  per- 
mission, read  the  following  few  notes:  — 

I  may  mention  that  at  the  Village  Deep  Ave 
have  been  running  sand  underground  for  the  last 
month,  and  at  present  can  quite  comfortably 
handle  1,200  tons  per  day.  The  pipe  line  goes 
down  an  old  shaft  at  the  Village  Main  Reef 
through  old  stopes  and  drives  ;  down  their  main 
incline  and  along  our  top  level  ;  the  pipe  line  has 
numerous  twists,  bends  and  curves,  yet  the  sand 
flows  well  to  its  destination.  The  great  secret  is 
to  first  flow  clear  water  through  for  three  or  four 
minutes  before  sending  down  sand,  and  to  always 
run  clear  water  through  for  a  similar  period  after 
shutting  oft'  the  sand,  otherwise  the  sand  soon 
settles  in  any  horizontal  portion  of  the  pipe 
line  and  chokes  it  and  so  causes  trouble. 

Another  essential  for  successful  and  smooth 
work  is  to  have  at  least  two  separate  places  to 
fill  into  so  as  to  have  continuous  running.  In 
our  old  stopes  we  find  great  trouble  in  making 
the  pillars  over  the  drives  water  and  sand  tight, 
as  they  have  taken  weight  and  so  both  the  foot 
and  hanging  are  cracked,  and  I  think  it  will  be 
found  quicker  and  cheaper  to  go  up  the  stope 
15  ft.  or  20  ft.  and  erect  the  barricade  along  the 
stope  continuously,  ignoring  all  pillars.  The 
drive  pillars  can  be  taken  away,  and,  if  found 
practicable,  could  be  later  taken  down  and  used 
again,  the  sand  either  remaining  solid  and 
vertical,  or  taking  the  natural  angle  of  repose 
without  tailing  into  the  drive,  this,  of  course, 
depending  on  the  dip  of  the  stope.  The  sand 
after  2  1  hours  does  not  become  solid,  for  as  soon  as 
water  is  put  on  again,  it  becomes  saturated  and 
is  like  a  quicksand  or  jelly.  It  is  surprising  the 
quantity  of  hay  used  to  fill  up  old  cracks,  etc., 
in  the  foot  and  hanging,  making  thus  yet  one  more 
instance  of  the  mining  industry  materially  benefit- 
ting the  farmers.  I  feel  quite  certain  that  this 
sand  filling  will  benefit  mining  in  several  ways 
in  the  near  future  when  we  can  fill  close  behind 
our  working  faces. 


As  the  author  mentions,  we  shall  be  able  to 
guide  the  air  to  the  working  faces  instead  of 
its  being  lost  in  disused  and  worked  out  stopes. 
The  hanging  wall  will  be  supported  throughout. 
We  shall  cut  away  everything,  leaving  few,  if  any, 
pillars,  and  use  much  less  timber.  I  quite  fore- 
see that  we  shall,  before  long,  run  the  sand  from 
the  cyanide  tanks  after  treatment  by  belts  or 
other  means  direct  to  the  sluicing  bins. 

Mr.  W.  T.  Anderson  (Member) :  I  have 
very  much  pleasure  indeed  in  seconding  this  vote 
of  thanks  to  Mr.  Pam  for  the  interesting  paper  he 
has  given  us.  I  could  have  wished  that  the 
author  had  prefaced  his  paper  with  some  remarks 
on  the  causes  which  have  led  to  the  commencing 
of  sand  filling  on  the  mines  of  the  Witwatersrand. 
The  sand  is  not  being  sent  underground  in  order 
to  get  rid  of  it  or  to  make  the  face  of  the  country 
more  charming  than  it  is  at  present.  On  moon- 
light nights  the  dumps  may  sometimes  remind  us 
of  the  white  cliffs  of  Dover,  but  I  think  we  must 
forego  that  pleasure  if  we  can  accomplish  at  the 
same  time  a  purpose  that  will  be  of  great  benefit 
to  the  mining  industry  generally.  Those  of  you 
who  have  lived  over  workings  south  of  the  main 
outcrop  will  have  experienced  the  earth  move- 
ments which  are  taking  place  day  by  day.  These 
earth  movements  are  not  simply  local,  but 
extend  over  large  areas  of  the  Hand.  We 
are  striving  to  prevent  any  likelihood  of  subsi 
dence  in  these  areas.  A  start  has  been  made 
which  I  hope  will  be  the  beginning  of  bigger 
things  Personally.  I  look  forward  to  the  time 
when  the  whole  of  the  dumps  on  the  Central 
Rand  will  have  disappeared.  The  difficulties  in 
connection  with  sand  filling  are  not  great,  being 
only  matters  of  detail,  but  the}'  prevent  that 
uninterrupted  woik  which  is  necessary  to  carry 
out  any  project  successfully.  One  of  the  objects, 
I  think,  in  which  members  of  this  Society  can 
help  milling  men,  is  to  overcome  any  possible  bad 
effects  from  sending  down  current  sand  into  the 
workings.  It  would  be  of  consideral  le  assistance 
to  the  rapid  filliiii;'  of  old  workings  if  some  cheap 
means  could  be  discovered  of  destroying  the 
cyanide  in  the  current  sand  as  it  is  taken  from 
the  tanks  day  by  day.  This  would  save  the  cost 
of  transferring  the  sand  to  the  dump,  and  of 
handlini;-  it  again  in  a  couple  of  yeais'  time.  The 
author  has  done  the  mining  industry  great  service 
by  reading  this  paper,  and  I  hope  it  will  promote 
research  upon  so  great  a  subject.  1  have  great 
pleasure  in  seconding  the  vote  of  thanks  to  the 
author. 

Prof.  J.  A.  Wilkinson  (Member  of  Council)  : 

For  the  benefit  of  those  members  of  the  Society 
who  may  not  know  where  the  operations  described 
in  the  paper  which  has  just  been  read,  are  being 
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carried  out,  I  have  been  requested  to  ask  the 
author  if  he  would  be  good  enough  to  place  this 
on  record  as  it  is  Dot  stated  in  the  paper. 

Mr.  E.  Pam  (Member):  At  the  present 
moment  sand  filling  is  progressing  on  the  Village 
Deep  and  on  the  Ferreira  Deep.  Seveial  other 
mines  wi'l  shortly  he  starting  the  work,  and  in  a 
short  time  I  believe  the  whole  of  the  Central 
Rand  will  have  commenced  operations. 

Mr.  K  Sartorius  (Member);  I  should  like 
to  ask  how  Mr.  Pam  is  going  to  support  bis 
whole  mass  of  sands  against  any  rush  on  his 
walls  and  drives.  Sand  is  a  mass  which  has 
absolutely  no  cohesion  at  all  as  soon  as  dry. 

Mr.  Pam  said  he  would  answer  the  question  in 
bis  reply. 

Mr.  E.  J.  Laschinger  (Member  of  Council)  : 
I  would  like  to  make  a  few  remarks  in  regard  to 
this  most  excellent  paper.  From  the  description 
Mr.  Pam  has  given  as  to  how  the  operations  are 
carried  out,  I  am  either  under  a  misapprehension 
or  else  the  operations  are  conducted  on  what  I 
consider  to  he  a  fallacy.  '1  he  author  says  that 
the  surplus  water  is  drawn  off  from  the  top  of 
the  settled  sands  and  not  from  the  bottom  drive, 
in  order  to  relieve  the  pressure  on  the  barricades. 
The  usual  practice  in  Germany  is  to  allow  the 
water  to  percolate  through  the  filled  in  sands 
through  a  barricade  pervious  to  water  but  imper- 
vious to  the  sand.  Now  the  whole  of  the  tilled 
in  sand  is  saturated  with  water  irrespective  of  the 
question  whether  the  water  is  drawn  from  the 
top  or  the  bottom  mid,  therefore,  the  static  pres- 
sure on  the  barricades  is  the  same  whichever 
method  of  drawing  off  the  water  is  used.  There 
is  further  the  advantage  in  using  the  percolation 
method,  thattheie  would  be  less  danger  of  the  sand 
overflowing  with  the  water  and  thus  causing  less 
trouble  in  the  catch  sumpsand  return  water  pumps. 

It  might  he  pointed  out  that  our  problems  of 
sand  filling  on  the  Hand  are  much  more  compli- 
cated and  present  more  dangers  and  difficulties 
than  those  in  Germany.  Our  stopes  are  mostly 
steep,  and  the  depths  at  which  tilling  is  to  lie 
carried  out  great  In  German}  the  semis  are 
flat  and  at  shallow  depths.  The  dangers  we  have 
to  face  are  that  barricades  may  break  or  rushes 
of  underground  water  due  to  rains  may  wash 
down  sands  into  the  winkings.  It  might  he 
suggested  that  Portland  cement  could  lie  mixed 
with  the  first  sand  sent  down  against  the  barri 
cade  of  a  new  till,  and  thus  after  i  lew  days  or 
weeks  at  the  most  a  solid  protecting  wall  of 
artificial  stone  would  protect  the  drive  immediately 
below  the  fill. 

Mr.  Chas.  B.  Saner  (  Vice  President)  :  It  Mr. 
Laschinger  would  come  underground  and  have  a 
look  for  live  minute.-  rather  than  theorise  fere,  it 
would  make  hi-  remarks  more  valuable. 


Mr.  K.  Sartorius  :  .Mr.  Saner,  after  handling 
a  few  hundred  tons  in  the  Village  Deep,  considers 
himself  already  an  expert  in  the  -and  tilling 
method,  hut  J  believe  it  would  he  better  to 
theorise  here  than  run  the  risk  ol  any  accidents. 
Furthermore,  1  want  to  ham  from  .Mr.  Saner- 
experience. 

The  vote  of  thanks  was  carried  unanimously. 


THE  DESTRUCTION  of  CYANIDE. 


By  James  Moib  D.Sc.  (Vice  President)  and 
Jas.  Gbay,  F.I.C.  I  Member). 


Dr.  J.  Moir  read  the  following  paper:  — 
This  paper  takes  its  origin,  on  the  practical 
side,  in  the  necessity  which  has  arisen  of  re- 
placing in  the  worked  out  stopes  of  the  Hand  the 
sand  from  the  residue-dumps,  with  the  view  of 
preventing  those  subsidences  which  are  nowadays 
swelling  the  accident  and  death-rates  of  the  mines, 
and  are  causing  alarm  in  the  towns  under  the 
guise  of  supposed  earthquakes.  On  the  theoreti- 
cal side,  the  paper  is  written  to  give  an  account 
of  experiments  which  contradict  practically  every- 
thing that  is  to  he  found  in  the  text-hooks  on  the 
ferro-cyanide  reaction,  /.,.,  the  reaction  between 
cyanide  and  ferrous  salts. 

A  preliminary  survey  of  the  possible  methods 
of  destroying  cyanides  showed  that,  although 
complete  destruction  of  cyanide  can  he  achieved  by 
several  methods  (such  as  the  action  of  silver  and 
cuprous  salts  and  of  ammonium  disulphide),  the 
ferrocyanide  reaction  was  the  only  one  holding 
out  any  hope  of  rapidity  of  action  and  reasonable 
cost  :  but  when  we  started  out  to  find  out  the 
besl  conditions,  we  soon  discovered  that  the  text- 
hooks  were  "at  sea"  in  almost  every  possible 
particular  We  found  (li  that  when  excess  of 
alkali  is  used,  the  amount  of  ferrocyanide  formed 
is  less  than  when  smaller  quantities  of  alkali  are 
present  ;  (2)  that  rise  of  temperature  above  20* 
( '.  is  harmful  to  the  reaction:  (3)  that  the  re- 
sults are  nearly  independent  of  dilution  :  >  1 )  that 

the  reaction  is  aS  complete  in  5  Or  1"  .- 
as  after  long  .standing  :  and  (5)  that  unless  the 
alkalinity  be  most  carefully  adjusted  to  suit  the 
amount  of  iron  usad,  an  excess  of  ferrous  solution 
gives  no  better  results  than  the  theon 
quantity  (that  required  by  the  equation: 
6KCN  I  2FeS04.7Ac]  K2Fe(FeCyc)  I  2K  S<  \. 
etc 

It  will  he  3<  en  from  the  above  that  in  no  case 
bave  we  succeeded  in  obtaining  entire  destruction 
of  the  cyanide  us  d,  although  in  Beveral  case-  we 
have  obtained  a  reaction  sufficiently  completefor 
all  industrial  purposes  ;  the  cyanide  having  been 
reduced  to  .'1  or   1   parts  per  million. 
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We  have  had  some  difficulty  in  establishing  an 

analytical  method  for  these  solutions,  which  should 
be  tree  from  fallacy.  To  begin  with,  we  have  to 
point  out  a  popular  superstition  of  the  Rand,  viz., 
t hat  when  a  solution  goes  turbid  with  one  drop 
ot  silver  nitrate,  it  is  thereby  proved  to  be  fret, 
from  prussic  acid.  This  is  quite  a  mistake.  It 
is  merely  evidence  of  the  absence  of  cyanide 
(cyanidion,  to  be  exact),  whereas  any  amount  of 
hydrocyanic  acid  may  be  present  and  will  not  be 
titrated  by  silver  nitrate  unless  the  solution  be 
made  strongly  alkaline.*     If  for   example  10  c.c. 

of  j  cyanide  be  treated  with  slight  excess  of  acid 
(say  10-5  c.c.  —  acid)  and  then  titrated  with 
AgN03,  the  solution  will  go  turbid  with  one  drop, 
although  it  contains  enough  prussic  acid  to  poison 
the  operator.  If  thereon  excess  of  alkali  be  added 
the  solution  will  titrate  up  to  about  95%  of  the 
original  cyanide  taken,  the  balance  having  gone  off 
into  the  air  as  HC'X  during  the  acid  stage.  For 
this  reason  a  greal  many  of  the  Rand  cyanide 
strengths  are  too  low  to  the  extent  of  from  10  to 
10     f  of  the  figure    returned,   because  the  titra- 

*  See  experiments  in  S.A.  Association  for  Advancement  of 
e  Report  for  1904,  p.  59. 
i  These  higher  errors  onlj  occur  when  the  solution  contain  zinc. 


tion  is  not  correct  unless  the   "  protective  alkali  " 
greatly  exceeds  the  cyanide  present. 

The  strongly  alkaline  condition  of  the  solution 
before  titration  being  thus  necessary,  we  were 
faced  with  the  difficulty  that  the  use  of  alkali  was 
bound  to  alter  the  composition  of  the  reaction 
product  which  we  wished  to  investigate.  For 
example,  it  bieaks  down  K\,Fe2Cy0  into  K4FeCye 
and  Fe  (OH).„  and  the  latter  would  attack  the 
free  cyanide  which  we  wished  to  estimate  in  the 
solution.  We  have  got  over  this  difficulty  by  two 
methods,  viz.  (1)  oxidation  of  the  reaction-pro- 
duct belore  rendering  alkaline;  (2)  coagulating 
the  reaction-mixture  with  comparatively  inert 
substances  such  as  magnesia,  chalk,  kieselguhr, 
charcoal,  etc.,  so  as  to  enable  it  to  be  filtered 
before  adding  the  strong  alkali. 

We  now  proceed  to  describe  our  experimental' 
method  and  the  results  :— 

Effect  of  Temperature  :  The  deleterious 
effect  of  heating  was  fiist  noticed  in  trying  to 
improve  a  bad  "conversion"  by  heating  the 
cyanide  solution  before  adding  the  iron.  About 
400  c.c.  of  0-01%  KCN  was  treated  with  FeSO< 
in  the' proportion  G  \\(  X  :  3  (FeS04+7Aq)  both 
dissolved  in  tap  water,  the  mixture  being  worked- 
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up  after  a  minute  by  adding  an  acid  solution  of 
chromium  trioxide  vor  of  potassium  bichromate), 
and,  immediately  after,  an  excess  of  caustic 
soda,  and  titrating  the  filtrate  from  the  Fe(OH)3 
and  Cr(OH)3.  The  cyanide  left  was  •_'()  •  ■  t 
original.  <>n  heating  the  cyanide  from  18"  to 
tO°C,  and  working  up  as  before,  IS  of  the 
cyanide  was  left  undestroyed.  [Both  these  re- 
sults are  abnormally  high  owing  to  the  use  of  tap 
water  containing  C02,  for  it  should  be  noted  in 
passing  that  ferrous  sulphate  reacts  only  with 
cyanide  and  not  at  all  with  free  hydrocyanic  acid]. 
The  above  experiment  was  repeated  with  addition 
of  alkali  to  the  cyanide  solution  (6KCN  :  3FeS<  > 
:6NaOH).  The  cyanide  left  was  10  at  L2°C. 
and  45%  at  -IOC.  Two  systematic  researches  were 
then  made.  In  the  first  the  molecular  ratio  was 
6Cy' :  3Fe"  :  30H ',  using  130  c.c.  of  0*02  K( X 
solution  heated  (or  cooled)  to  the  required  degree 
I  clurc  adding  the  iron  solution  and  after  adding 
the  alkali  ;  the  product  was  worked  up  by  the 
chromic  acid  method.  The  cyanide  left  was  5 
at  15°C,  5-5  at  20°C,  7*5  at  25°,  13  at  35  (; 
and  21°  at  50  C.  In  the  second  series  the  alkali 
was  omitted,  but  an  impurity  of  about  one  half 
molecule  was  present  (counted  as  .',  K.,(  '< )..)  in  the 
cyanide  used,  and  the  cyanide  solution  taken  was 
roughly  004%.  The  product  was  worked  up  as 
above,  but  ten  minutes  contact  was  given  with 
such  cold  solutions.  The  percentages  of  cyanide 
left  were:  at  +1°C,  18-5  ;  at  10°,  105%;  at 
20°,  9-2  ;  at  30°,  U  ;  at  40°  20"8  ;  al  50' 
236  ;  and  at  To  ,  lie  .  There  is  thus  a  well- 
marked    "  optimum-temperature "     under    these 

Curves  showing  the  Effect  of  Gradual  Increase 


conditions,  situated  at  about  the  ordinary 
temperature.  This  phenomenon  is  very  difficult 
to  account  for,  and  the  best  explanation  we  have 
to  offer  is  that  low  temperature  diminishes  the 
dissociation  (and  therefore  availability)  of  ferrous 
hydrate,  whilst  high  temperature  polymerises 
.coagulates)  it  and  throws  it  out  of  action  at  once. 
The  different  behaviour  of  the  solutions  on  adding 
the  FeS04  seems  to  support  this  idea,  since  the 
hot  solutions  give  an  immediate  dark  precipitate 
(  'l  Fe304),  and  the  cold  solutions  a  clear  dark 
orange  coloration,  which  takes  5  to  10  seconds  to 
change  into  the  ordinary  green  reaction-product 
(?K2Fe2Cy6). 

(//).  Effect  of  Addition  of  Alkali  Before  Iron  : 
This  portion  of  the  work  commenced  in  an 
attempt  to  improve  Had  "  conversions  "  by  adding 
caustic  alkali,  with  the  object  of  lessening  the 
hydro] ytic  decomposition  ol  the  cyanide.  The 
mathematical  equation  governing  this  action    is 

[HCN][OH']  =  K[Cy']  where  K  is  abouty^ 

at  ordinary  temperatures  ;  hence,  since  cyanide 
present  as  HCN  does  not  react  with  iron,  we 
hoped  by  addition  of  alkali  to  diminish  the  HCN 
and  so  increase  the  conversion.  Experiment, 
however,  showed  that  other  factors  come  into 
play,  with  the  result  that,  whilst  a  little  alkali 
is  beneficial,  an  excess  of  alkali  is  most  harmful. 

To  save  space  the  results  are  tabulated.     It 

should  be  noti  d  that  the  chromic  acid  method 
gives  somewhat  irregular  results,  bpcause  a  little 
HCN  escapes  into  the  air  during  even  a  momen- 
tary acid  stage. 

i.i  Alkalinin  mi  the  "Destruction"  "t  Cyanide. 
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h  Curve  is  {jot  with      I  ■■  ular  Ratio  nf  Iron  to  Cyanide,  >  I  to  8  MoV.  I 
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Table  I.— 6 KCN :  lFeS04-7H20,  vaiying  alkali  and 

acid.     200  o.c.  of  N/100  KCN   used:  product  treated 

with  KMii()4  till  tiieen.  then  NaOH. 


Acid 

KCy 

before  Fe. 

left.. 

mols. 

5-9 

86 

3-9 

51 

2-9 

;;: 

1-9 

.■  i  .■  > 

0-9 

24 

0-4 

22 

Alkali 
before  b'e. 

inols. 

0-1 


KCy 

left. 


39 

46 

;  s 


TABLE    II .— 6KCN   :  2FeSu4-7H20  :   varying    alkali 
before  iron  ;  contact  3"  sec.  :  temperature  ahonl    20 


KCN 

Taken. 

\\>lume 
of 
Solu- 
tion. 

IVS()t 
7Aq. 

grains. 
0-04 

c.c. 

203 
204 

grams. 
0  057 

)! 

205 

>) 

)) 

>) 

>> 

!) 

206 

)) 

208 

)) 

210 
212 
214 

N  Hi 

KCN 

Alkali. 

Left. 

C.C.     niols. 

0 

12-5 

1-0-97 

9  5 

1-5     1-45 

6-4 

20     1-95 

5-5 

2-5     2-4 

14-3 

3     2-92 

238 

5     4-9 

375 

7     6-85 

4T2 

9     8-8 

52  2 

11     10-7 

65-9 

o 

5 


Table  III. 

6KCN  .  2FeS04-7H20   (constant    volume  of   100 
:.c  .  30  sec,  c  intact  :  excess  <  !i  <  >... 


K 
Ta 


•II! 


X 

en. 


I'Vmi;  \,| 


gram-'. 
0-.  927 


N   10 

Alkali. 


lilOIS 

(J 
I  =  0  3 
0-6 
0-9 


1 

I.1, 


3 

3.1, 

r 

4-J 
5 

5^ 
6 

7 

'2 

8 

8£ 

9 

91 
10" 


1-8 
2-1 

2-4 

2-7 

3 

3  3 

3-6 

3  9 

4-2 

4-5 

4-8 

5-1 

5-4 

5  7 

6 


K<  \ 
left. 


per  cent. 
12 
11 
10 

8 

7 

9 

10 
16 
17 
17 
23 
28 
30 
34 
36 
36 
39 
40 
44 
45 
47 


Curves  showing  the  Effect  oi  Varying  Iron  and  Alkali  on  Cyanide  :  also  the  Varying  Stability  of  the  Product. 


lok&cwuc*  op        no.  o 


II.  and  III.  give  Effect  oi  <  Ihromic  Acid,  and  IV.  ami  V.  that 
The  Othersgive  Effect  oi  Excess  of  iron. 


Strong  Alkali,  on  the  Product  of  the  The  iretiod  Proportions 
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Table  IV.— (ikCN:  2FeS04-7H20and  varying  alkali 
before  iron.  Product  coagulated  l>y  cone,  alkali 
afteriron,  and  filtered  after  addition  of  magnesia. 
100  c.C  N/100  KCN  taken. 


MoK 

%  KCN 

Mols. 

KCN 

Alkali. 
0 

Left. 

Alkali. 

L'-l 

Leit. 

4* 

6 

0-3 

3 

2  -4 

s 

0-6 

2 

2-7 

12 

0-9 

1 

3  0 

is 

12 

1 

3  3 

'2'' 

L-5 

L-5 

l-s 

•> 

3-6 

25 

Mg<  i  before  alkali  leaves  about  '.!   . 

Table  V, — Asabove,  using  definite  amount  strong 

alkali  at  end  (5  <•.<•.  of  I      NaOH). 


0 

8 

3-3 

1  1 

d:; 

7 

3-6 

16 

06 

(1 

39 

1!) 

09 

5 

4-2 

20 

L-2 

4 

t-5 

22 

L-5 

4 

4-8 

23 

IS 

4-5 

5-1 

24 

2-1 

5 

■VI 

25 

2-4 

<; 

5-7 

26 

2-7 

8 

6  0 

27 

3  0 

10 

7-0 

2!) 

8-0 

30 

!)■() 

3  1 

10-0 

33 

Table  VI. 

6  :  2   reaction  stopped  with  X   L0  K.Mn<  >4  (4  c  c 
=  equivalent  of  total  iron. 


KCN. 

PeSOj 
7Aq. 

gram. 
0-065 

gram. 
0-0927 

)> 

)> 

n 

>> 

)» 

>> 

)> 

>? 

" 

>j 

») 

>> 

X  Hi 

Time. 

K(X 

NaOH. 

Left. 

mols. 

-.-<■,. 

-6-0* 

30 

76-0 

-5-0 

64-0 

-4-0 

54-0 

-30 

II" 

-2-0 

i) 

3  1-0 

-  l-o 

16-0 

-0-5 

)! 

L3'0 

+o-o 

•' 

120 

+  0-5 

!> 

LOO 

+  Hi 

)) 

8-0(11     twice) 

+  1-5 

V 

9-0(1"     once) 

+  2-0 

>) 

9-0 

1-2-5 

'» 

L00  (12 &  - 

+  3-0 

>1 

1  1  •■"- 

+  i-0 

130 

+  5-0 

)) 

170 

+  6-0 

1) 

20-0 

+  80 

I  ' 

230 

+  10  0 

)' 

260 

showing1  I  nlii iiImu  Continuity  betw< 


;   Minns  alkali  is  IK  '1  before  Fe. 
'■  Effi  -i-  "t  Acid  and  Alkali  on  the  R<  action. 


■'l"'MttnHiH"if|t;i-  tttt-  ttttM-"  ■lthl'H^f4fH4W-f-!1HrHH 


Neutral  means  N'i  utral  to  I'hi  nol]>htli 
S'eutral  l'o 


ft-Hlir'^HltrntH-ttf 


^T^fTfHH-tf+rrfH 


Neutral  I'oint. 
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Table   VII 

As  above,  varying  alkali  and  acid,  100  c.c.  N/100 
KCN  taken  :  product  +  K3FeCy6  equivalent 
to  total  Fe,  then  heated  with  NaOH  and 
MgO. 


Acid. 

%  KCN 
'  Left. 

Alkali. 

KCN 
Left. 

limls. 

niols. 

x 

5 

760 

0o 

6  0 

3 

ll  0 

1() 

6-Ch 

1 

ll-o 

2-0 

io-o 

0 

6-0 

3  0 

18  0 

4-0 

27  0 

5  0 

32-0 

60 

380 

10  0 

44  0 

lot) 

l.vo  (av.) 

20  0 

5 10 

Table  VIII. 
5KCN*  :  2FeS04'7H00,  varying  alkali  and  acid, 
100     c.c.     N/100     KCN     taken  :     product 
+  K.\ln04    equivalent    to    total     Fe,    then 
heated  with  NaOH  and  MgO. 


Acid. 

Gy 
Left. 

Alkali. 

;cy 

Left. 

inols. 

niols. 

■> 

66  5 

1 

17  5 

1 

.">."> 

1 

15-7 

0 

19 

2 

26 

3 

30-5 

'10KCS     nvsu,     o     n2o    2(FeCy2.FeCj  ,)  ,  tK2S04      !KOH 


Table  IX. 

6KCN  :  3FeS047H20  (alkali  before  iron  ;  con 
tact  30  sec),  temperature  about  15c  ('. 


■i. 

KCN 

Volume 

FeS04 

Mil 

KCN 

■~ 

Taken. 

7Ai|. 

Alkali. 

Left. 

XI 

gram. 

c.c. 

-ram. 

c.c.    niols 

■g  o 

i>65 

217 

139 

0 

19 

-  5 

. 

)) 

?> 

2  =  12 

12-5(av 

)) 

3! 
5) 

4     24 

8      4-8 

10     9-6 

11 

8 

2  1 

c    * 
J.  "^ 

.2  * 

„      . 

?» 

)> 

30     1 8 

43 

O 
CS 

Taisle 

X.— 6KCN  :  4FeS047Aq 

Volume 

.5 

KCN 

of 

FeS(  >4 

N  10 

%  KCN 

o 

Taken. 

Solu- 

7Aq. 

Alkali. 

Left. 

tion. 

,£3 

grams. 

<•.(•. 

grams. 

cc.     niols. 

j; 

0-04 

203 

0-114 

0 

14-3* 

—  o 

204 

l  =  l(app) 

1 1  0 

^'-, 

j> 

206 

)9 

3     3  „ 

7-8 

T~ 

■JON 

5     5  ,. 

1-8 

■j- 

>j 

210 

7     7,, 

143 

c 
o 

2  1  2 

9     9  .. 

30  0 

o 

214 

11    11   ,, 

380 

■A 

rABLE  XL— 6KCN  :  6FeS047Aq 

grains 

cc    niols. 

_ 

0-04 

203 

0-171 

0 

L5-8f 

.t: 

> 

5 

2<  1 1 
206 
208 

5) 

1  =1 
3     3 
5     5 

14-3(*v.) 

12  5 
14-3  (?) 

—  O 

.— -    c« 

210 

11 

7     7 

7-8 

' 

2 1  2 
214 

11 

9     9 

11    11 

6  3 
15-9 

J  ~~' 

-<—    — 

) 

223 

)) 

20  20 

35 

•j,     with  excess  Gr03.  i  26     with  excess  <  l-03. 

Table  XII. — Excess  iron  and  varying  alkali.  Le- 
ction stopped  by  K.\ln04  equivalent  to  total  Fe. 


KCN 

Volume 
of  Solution. 

l-VSO, 
7  A 1 1 . 

NaOH 

KCN 
Left. 

c.c. 

niols. 

mols. 

<£  '- 

0-065 

106 

4-0 

o-o 

s 

£ 

ii 

„    +    3  34 

ii 

2-0 

6 

~Z>    ~* 

ii 

6-68 
„       1002 

ii 

4-0 
6-0 

5 
6 

Jg   +3 

~5  S 

ii 
ii 

13-36 

16  7 
21-71 

ii 
ii 

8-0 

1(1-0 

13  0 

10 
11 
14 

ii 

26-72 
„       33-4 

1011  + 

ii 
6  0 

16-0 
200 

ii  0 

;6 

18 

2        ^ 

11 

334 

6-68 

ii 

2  0 

4-0 

5 

4 

11 

10-02 
„       13-36 

ii 

60 
80 

6 

8 

OS  "3 

I — '        V.' 

11 
11 
11 

„       16-7 
„       25-05 

112 

112+    3-34 

ii 

ii 

8-0 

LOO 

15-0 
00 
20 

10 

12 

6 

i 

5     U 

6  68 

4  0 

6 

s 

>! 
)) 

10  02 
13-36 
16-7 
25-05 

>> 

60 

8  0 

100 

150 

1 
i 

8 
14 

1.2 
5*1 

)S 

„       33-4 
41-75 

i) 

20-0 
25-0 

17 
20 
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Discussion  of  function  of  Alkali. — It  will  be 
seen  that  each  ratio  of  iron  to  cyanide  has  an 
optimum  alkali  which  is  not  directly  proportional 
to  the  iron.  This  optimum  is  less  (speaking  in 
molecular  proportions)  than  the  iron  when  the 
latter  is  low,  and  greater  than  the  iron  when  the 
latter  is  high.  This  relationship  may  be  approxi- 
mately expressed  by  the  equation  :  *OH'  2Fe" 
-25  which  gives  OH'  =  9'5  when  Fe  =  6  : 
OH'  =  5-5  whenFe  =  4  :  OH'  =  35  when  Fe=3  : 
OH'  =  1-5  when  Fe  =  2;  and  OH'  =  0  when 
Fe"  =  l"25.  (6  mols.  KCy  always  implied).  The 
reason  for  the  depressing  effect  of  excess  of  alkali 
is  undoubtedly  its  action  on  the  solubility  of 
ferrous  hydrate  ;  but  we  have  grave  doubts  as  to 
its  being  a  simple  case  of  mass-action  and  are 
inclined  to  ascribe  the  effect  to  polymerisation 
and  coagulation.  According  to  the  mass-action 
law,  the  amount  of  active  iron  is  defined  by  the 
equation  [Fe"]  [OH']-=K,  (which  is  a  constant 
only  when  coagulation  of  Fe(OH)2  to  an  abnor- 
mally insoluble  form  is  excluded)  :  again  tin- 
other  equation  cannot  be  [Fe"]  [Gy']6  =  constant, 
because  (1)  the  concentration  of  the  cyanide  seems 
to  make  very  little  difference,  and  (2)  the  reaction 
is  irreversible — even  strong  oxidising  agents  like 
acid  Cr03  do  not  liberate  HCN  from  ferrocyanide 
or  fcrricyanide.  An  approximation  (possibly 
accidental  however)  to  the  form  of  these  curves 
can  be  got,  by  assuming  the  three  equations  : 
(1)    [Fe-]    [0H']2  =  Ki;    (2)   [Fe-]  [Cy7  =  K2; 

(3)[HCN]  +  lCy']     [Cj  |  j  1  +  ( )),.  |  =  sav  y. 

Titratable  as  Cy'  after  alkali 

(.2)  l()|l'il  a/K|.  hence 


From  (1)  and  (2) 


[Cy' 


K. 


i.e  .  Molecules  alkali    twice  molecules  iron  less  2 ■ 


which    is   a    curve 
the    right    type    of 


v=\/^([v)H']'+K[()H'f 

l 
possessing   something    like 

minimum. 

Effect  of  dilution  {strength  of  cyanide  solution 
operated  on). — It  was  to  be  expected  from  every 
known  theoretical  consideration,  that  the  results 
obtained  with  very  dilute  yanide  solutions  would 
be  mini!  worse  than  those  given  by  stronger 
solutions.  Experiments  were  therefore  done, 
taking  0  1%  KCN  as  the  maximum  strength  ever 
likely  to  occur  in  practice,  and  comparing  results 
obtained  when  the  same  amount  of  the  reagents 
were  added  to  the  same  weight  of  cyanide 
dissolved  in  varying  quantities  of  water. 

All  except   the   last    trio  were   worked   up  by 
the    "' chromic'   acid    method."       They   show  that 
dilution  has  almost    no   effect,  or  that  such 
as  there  is  varies  inversely  as  the  cube  I   rfourth) 
root  of  the  concentration. 

Effect  of  different  methods  of  working  up  the 
reaction  product.  —It  certainly  appears  from  our 
work  that  the  primary  product  of  the  rea 
between  cyanide  and  ferrous  iron  is  an  unstable 
compound,  which  contains  cyanogen  in  two 
different  forms,  one  permanently  hound  and 
innocuous,  and  the  other  loosely  held  and 
separable  by  processes  of  oxidation.  The  reaction 
product,  according  to  the  text  books.  is 
K2Fe2Cyd,  generally  called  potassium  ferrous 
ferrocyanide,  but  judging  from  our  experiments 
d.etailed  on  the  next  page  it  has  not  only  its  iron  in 
two  different  states  of  combination,  but  also  its 
cyanogen.  The  following  series  of  experiments, 
in  which  the  original  mixture  was  6KCN  + 
2I-YS<),      without      alkali,     will      explain      this. 


Table  showing  effect  of  dilution  only  (see  above). 

Final  \  olume. 
|     100  c.,'. 

10  c.c. 


(o)  0-092  gm.  KCN  and  0  066  gm.  FeS04  .   7Aq 

without  alkali  ( neutralised  tap  water | 


.   I'V 


(0)  0-102  KCN  and  (i  072  FeS04 (distilled  water) 

(y)  0092  gm.  KCN  and  0132  gm.  FeSO<  .  7Aq 

without  alkali  i  tap  water) 
(c)  S  une  as  (.))  but  giving  only  5  to    10   seconds 

contact 

(,  i  Same  as  (/3)  with  (i-ool  gm.  X..«  >ll 

i  I    102  KCN  and  0-1  1  I   FeS<  » 

no  alkali  (disl died  water) 

(n)  U  065  KCN  and  FeS04  no  alkali 

worked  up  with  equivalent  KMn04  and  alkali 
(0)  As  above,  Mg<  I  after  Fe,  then  NaOH 
(O    065  KCN  and  2  mols  FoS04,  no  alkali 

finished  with  MgC< »   and  Na<  )ll 
(k)  Do.  diluted  before  adding  iron 
(.\)  Do.  Do. 


100  c.C. 

100  c.c. 
200  c.c. 
100  c.c. 

200  c  c. 

100   r.r. 

loo  c.c. 

200  c.c. 

600  c  c. 
100  c.c. 
40  I  c.c. 

100  c  :. 

100  rr. 
tOO   rr. 

600  r.r. 


6  :    1 


1 


!'<  r  i  ent,  i  j    left 

26 

2  1 
■_'-Vo  (avei 
27*0  (av<  i 
1 3  5  '  i 

15-5 

240  (avei    e 
; 

L8-9  I6KC 

20-5  "II 

6  0  I  average)  | 

6-5 
1 1  :» 
19-5 
27-0 
i»;  ,i 


E 

61 


440 


The  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.  June  1910 


(Generally  100  c.c.  of  N/100  KCN  was  used.) 
!n  all  cases  NaOH  was  added  last  before 
titration  : — 

(1)  Mixture  treated  with  excess  precipitated 
(  !a<  !03  :  cyanide  in  filtrate  practically  nil 
(1%  once). 

("_' )  Mixture  treated  with  excess  MgC03  :  cyanide 
in   filtrate    practically    nil  (2%  once). 

(3)  Mixture  treated  with  excess  NaOH  (addition 

of  charcoal  or  MgO  after  NaOH  made  no 
difference)  :  cyanide  in  nitrate  4%  of 
original.* 

(4)  Mixture    treated    with    excess    MgO    :    then 

NaOH  and  re  filtration  :  cyanide  in    filtrate 
1  to  2%  of  original. 
(5  )   Mixture  treated  with  excess  talc  :  then  NaOH 
and   re  filtration  :  cyanide   in   filtrate   2%   of 
original. 

(6)  Mixture  filtered  twice  directly  :  trace  colloidal 

Prussian  blue  removed  by  NaOH  :  cyanide 
in  filtrate  4%  of  original. 

(7)  Same  as  5,  but  NaOH  before   talc  :  cyanide 

in  filtrate  5%  of  original. 

(8)  Mixture  treated  with   sodium   peroxide    solu- 

tion :  cyanide  in  filtrate  H'5%  (average). f 

(9)  Mixture  treated  with  ammonium  persulphate, 

then  NaOH  :  cyanide  in  filtrate  3%,  6%  and 
8%  (according  to  quantity  NH4S04). 

(10)  Mixture  treated  with  ferric  sulphate,  excess 

NH4S04,   then    NaOH  :  cyanide   in    filtrate 

...» 

/o' 

(11)  Mixture  treated  with  acid  chromic  acid, 
then  excess  NaOH  :  cyanide  in  filtrate  13% 
(average  of  4)  +  26'     (excess  Cr03). 

(12)  Mixture  treated  with  KMn04  until  K.,Mn04 
visible,  then  NaOH  :  cyanide  in  filtrate  8%. 

(13)  Mixture  treated  with  BaS04  (faintly  acid) 
and  filtered  twice,  then  NaOH  and  refiltra- 
tion  :  cyanide  in  filtrate  !  (partly  due  to 
loss    of  IK  IN  in  acid  stage). 

(14)  .Mixture  treated  with  Kieselguhr'and  filtered 
twice,  then  NaOH  and  refiltration  :  cyanide 
in  filtrate  2  5°/. 


*  7'„  oner,  ■)„  fchrice  and  3  ',  once,  in  the  five  experiments. 
t    In  titration  AgO  came  down  instead   of  Agl. 


(15)  KCN  treated  with  sodium  sulphite,  then 
FeS04J  MgO  and  NaOH  :  about  A  of 
KCN  left. 

(16)  Ratio  6KCy+2FeS04  +  3NaOH  gave  by 
direct  repeated  filtration  10%  KCy'  left. 

(17)  Ratio  6KCy  +  2FeS04  +  3Na0H  gave  with 
excess  CrO.,  method  23%  KCy'  left. 

(18)  Ratio  6KCy  +  2FeS04  +  6NaOH  gave  by 
direct  repeated  filtration  26%  KCy'  left, 

(19)  Ratio  6KCv  +  .FeS04  +  6NaOH  gave  with 
KMn()4  just  in  excess  of  Fe  20%  KCy'  left. 

Efftct  of  acid  before  FeSO^ — (1)  '0C5  gin. 
KCN  titrated  with  phenol phthalein  and  acid  used 
80%  of  the  theoretical  amount  corresponding  to 
to  the  Cy'  contained  therein,  and  this  solution, 
treated  with  FeS04  (in  ratio  6KCN  +  3FeS04), 
and  worked  up  by  Cr03  method,  returned  79 
of  the  original  cyanide  ;  i.e.,  the  free  HCN  totally 
failed  to  combine  with  iron.  The  80%  of  the 
titration  represents  roughly  the  partition  of  the 
K  between  the  two  weak  acids  HCN  and 
phenol  phthalein  (this  Journal,  vol.  viii.,p.  124),  but 
the  end  point  is  indefinite.  .Another  experiment 
in  which  6K(  IN  +  6HC1  +  2FeS04+  2KMn04  was 
used  (in  that  order),  finishing  with  NaOH  and 
magnesia,  returned  81%  of  the  cyanide  taken.* 
Addition  of  acid  was  tried  in  series  before  the 
iron,  but  the  results  were  rather  unconvincing,  as 
the  product  was  worked  up  by  magnesia  and 
caustic  soda  :  — 
KCN  mo] 

6 

6 

6 

6 

6 

6 

6 

The  more  reliable  data  are  given  in  a  previous 
paragraph  [Tables  [.,  VI..  \  II.  and  VIII] 

Miscellaneous  data. —  a.  "Sodium  cyanide" 
supplied  to  one  of  the  mines,  when  made  into 
M  200  strength  in  Cy'  required  5  00  c.c  N/10 
silver  with  KI  indicator  and  was  thereon  neutral 
fo   phenolphthalein,    10  70   c  c     X   10    HC1    with 

*  HON  losl  h\   '  "lc  ilisatioi'.. 


e  niols. 

HC1  mols. 

Cy'  left. 

'2 

0 

4 

2 

0  3 

5  to  7 

2 

0-6 

8  to  9 

2 

0-9 

10 

■) 

1-2 

11 

2 

15 

14 

•j 

1-8 

13 

Exp>eriments  on  variation  of  the  proportion  at'  iron. — 


6:1      6 


Ratio  (molecular)  of  KCN  to  FeS04 

(1)  Chromic  add  stopping  method  : 

(a)    11)0  r.r.  of  OF       KCN 

(i>)  200  c.c.  of  0-02;     KCN 

(2)  Strong  caujStic  soda,  method 

(3)  Ammonium  persulphate  +  NaOH 

(4)  Magnesia  +  NaOH  filtration 

(5)  Alkaline  permanganate  stopping 

(6)  Do.  fit/,  .'  mols.  alkaH  before  Fe 

We  think  it   possible    that    less  than  two  molecules  of  fi 
magnesia  and  practically  no  other  soluble  alkali  is  present. 


6:3      6:4      6:5      6  :  6 


59 

33 
34 


i:. 


1  2  5 
I  to  7 

6 

1  to  2 

12 

9 


9  6 
14-3 

9 

•)■> 

o 
(•» 

rrous  sui 


23 
0 


16 

10 

23 

0 


Cy'      left 


„    T=18*0 
[phate  will  suffice,  if  excess  of 
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metbylorange  and  about  9  0  with  phenolphthalein 
for  LOO  c.c. ;  wbicb  also  after  adding  BaCl0  gave 
BaCOs  requiring  3-2  c.c.  X  LO  acid  with  methy- 
lorange  and  the  filtrate  required  8  87  c.c.  X  1<> 
acid.  Sulphate  was  absent.  .Merck's  pureKON 
requires  about  7  c.c,  X   Mi  acid  per  gram  to  make 

neutral,  i.e.,  so  that  when  titrated  with  silver 
'm  presence  M  phenolphthalein  the  colour  u..es 
just  as  the  turbidity  appears  :  it  requires 
10'55  c.c.  X  Id  BC1  with  methylorange  as  above. 
The  impurity  must  lie  mainly  K  I1C( )..  n<>t  K0CO  . 
"ii  account  of  the  small ness  of  the  alkalinity  with 
Ag  and  phenolphthalein. 

i:.  (<')  A  mixture    of   equivalent    weights    of 

K4FeCy6  and  FeS04  (1  :  1)  treated  with  excess 
alkaline  KMn04  did  not   separate  any  cyanide. 

(6)  Potassium  ferricyanide  when  treated  with 
<(<>  and  dil.  H2S04,  tlien  XaOH  gave  no 
cyanide. 

\   mixture   of    K('X\    X'a..S.  n.    and    ; 
acid  did  not  destroy  the  cyanide. 

(d)  Addition  of  ammonium  polysulphide  to 
cyanide  .solutions  completely  destroyed  it. 

(<•)   Addition  of  FeClg  spoils  the  conversion  by 
acting  as   an    acid  :   this    is   not    what  one  would 
xpect  from  the  text  Looks. 

(j      Destruction  by  cuprous  salts. — A   mixture 
i    CuS04,   Xa.,S<  )..  and   IM'I  reduces   the    cyanide 
to    about    "_'    parts    per   million.     The   following 
ei  ie    was  tried  also  |  30    contact,  then  Na<  )H)  : 
idsCX  +  l('uS()i  +  Xa.,S()..   ^0)       Cy'  left 

,,     2&3    „  ,",      '__ >-botli  about  5     left 

Higher  proportions  produced  apparent  total 
destruction  of  cyanide,  but  in  reality  it  is  merely 
ret  dered  non-titratable,  as  K(  !uCy0,  unless  6  mols. 

Cu     are     Used.       Apparently,     however       in      acid 

solution    the    proportion    2KCN  +  CuS04    gives 

almost   complete  precipitation.        The    following 

•  ions  are  probable  : 

6K(  'v  +  2<  !uS04=  2KCuCy2  +  2K2S04  +C2N 

(2)  C2N2  +  2NaOH  =  NaCy+NaOCN  +  H20": 

henci   theoretical  ratio  for  complete  destruction  in 

alkaline  solution    is  3KCy  +  2CiiS04  +  2KOH 

2CuCN  +  2K2S04  +  KOCN  +  H20    where,;.,      in 

acid  sulphite  solution  the  ratio  is  I  :  1,  thus 
2KOy  |  2CuS04  ■  tfa2S03  +  H20 

2CuCN  .  K2SO4+2NaHS0  . 
Both  seem  to  be  prohibitively  expensive. 

(y)  200  c.c.  X  LOO  KCN+  Br2  until  yellow, 
alt    r    short    contact    made    alkaline    with    i 

X:    HI  or  Xll.lln.  war d  gently   and  titrated 

Ag Xi )  :  cyanide  left      nil. 

?  i  i    Excess     of     alkaline     permanganate 
de-  roys  cyanide  completely. 

('*)  Theoretical  quantity  chlorine  (bleaching 
[io>  der  and  acid)  converts  wholly  to  CNC1. 

Vheory  of  fA<  incoaiplett  conversion.  The 
l'ii'  lamental  equation  is  that  already  givi  i  .  viz.  : 


[HCN1         K 

j(.       K  )ii  ■ :  aPi  'ying tDis '":'  (i'"r"'   kcn 

solution  without    protective  alkali  (viz.  :   [Cy']  = 

,.'">  we   gel  'Hi   N      "II         ,._„„' he 

such  a  pui  •   solution,  since  I  lit  \\  I  and  [OH']  are 
equivalent    and    numerically    equal,     we     have 


hydrolysis  ex- 
ol      the     cyanide     is 


2000  s  3 
pressed     as    a    perc< 
100  HON]       5 

s.;    -' 

Speaking  a  priori,  therefore  one  would 
never  expect  a  higher  conversion  than  97*1%  : 
and  as  a  matter  of  actual  experiment,  the 
above  solution  titrates  with  silver  only  to 
97  of  the  cyanogen  in  it.  The  addition  of 
the  iron  solution,  however,  introduces  anothei 
factoi-,  viz.  :  alteration  of  the  alkalinity  '[Oil 
In  all  probability  the  concentration  of  OH'  i-. 
now  reduced  to  that  required  by  the  equation, 
I'       [OH']2  =  C0  (solubility product  of  1-VOII-  . 

equal  to  about,;      ,  ,,M.     This   concentration    ol 

J  i   X  10" 

<>ll  is  roughly  7lM'MI  and  the  corresponding 
IK'X  concentration  is  therefore  ,  7^,„,  roughly 
6  of      the      total       cyanide       started       with. 

This  would  appear  to  be  the  theoretical 
limit  of  conversion  for  centinormal  cyanide 
when  no  adventitious  alkali  is  present.  A  small 
addition  of  alkali  will  improve  the  conversioi  by 
lessening  the  amount  of  fra  IK'X,  but  at  the 
same  time  it  diminishes  the  amount  of  available 
iron  according  to  the  square  of  the  quantity  i  i 
alkali  used;  the  final  result  is  that  the  best 
conversion  is  to  be  got  by  a  c<  mpromise  betwi  i  n 
these  coui  rary  factors. 

In  cyanide- destroying  for  stope-filling  pur- 
poses, the  alkalinity  of  the  water  used  must 
therefore  be  low,  but  after  the  conversion  lias 
occurred,  a  high  alkalinity  is  desirable  so  as  to 
prevent  the  residual  traces  ot  IK'X  getting  into 
the  air.  Practical  experiments  show  that  when 
the  cyanide  is  reduced  to  <>-i  02  .  a  sati 
solution  of  lime  will  retain  the  IK'X  so  well 
that  it  can  barely  be  detected  in  the  air  of  a 
closed   vessel 

ADDENDUM. 

Since  reading  this  paper,  it  has  struck  US  that 
another  point  connected  with  cyanide  destruction 
requires  discussion  :  this  is,  that  there  is  no 
possible  method  of  removing  the  sodium  and 
potassium  also  present  in  these  sands,  and  that 
the  water  used  in  any  such  cyclic  process  will 
gradually  become  saturated  witb  sodium  sulphate 
and  that  therefore  all  the  chemical  reactions  will 
be  interfered  with  unless  the  water  is  occasion- 
ally changed. 
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Mr.  H.  A.  White  (Member  of  Council)  :  I 
wish  to  propose  a  hearty  vote  of  thanks  to  Dr. 
Moir  and  Mr.  Gray  for  this  able  paper. 

As  I  had  the  opportunity  some  few  days  ago  of 
reading  the  excellent  paper  we  have  just  heard.  I 
thought  it  would  lie  convenient  to  prepare  a  con- 
tribution to  its  discussion  in  time  for  this  evening. 
During  the  last  two  months  I  have  attempted  to 
use  my  spare  moments  in  the  consideration  of  the 
problem  of  cyanide  destruction  with  a  view  to 
using  for  "  sand  filling  "  the  residue  immediately 
after  completion  of  treatment;  I  do  ,  not  think 
that  there  would  be  much  cyanide  (as  cyanidion) 
to  destroy  after  a  six  months  exposure  on  the 
clump. 

Before  describing  my  own  experiments,  I  pro- 
propose  to  give  a  short  criticism  of  the  paper 
before  us,  although  I  can  only  take  serious 
exception  to  the  statement  regarding  cyanide 
titration.  I  hate  superstition  as  much  as  the 
authors,  but  I  do  not  think  that  any  cyanider 
worthy  of  the  name  is  ignorant  that  HCX  can 
only  lie  titrated  by  silver  nitrate  in  the  presence 
of  excess  of  alkali.  (See  Vol.  I.,  p.  165  of  this 
Journal,  where  method  is  given  for  testing  HCX 
(free)  in  the  presence  of  cyanides.)  Some 
authors  object  to  anything  but  a  very  slight 
excess  (Siebold,  Sutton's  Vol.  Analysis,  p.  217). 
In  the  presence  of  zinc,  the  addition  of  luge 
—  of  XallO  is  made  for  the  purpose  of 
estimating  total  simple  cyanide  (this  Journal, 
Vol  IV..  p.  474).  Tins  is  very  different  from 
the  '"free"  or  available  cyanide,  in  terms  of 
which  all  our  records  on  these  mines  are  at 
present  kept.  The  authors  speak  of  an  "  error 
■of  10  to  40  ,''  but  the  usual  experience  is  that 
the  "  total  cyanide  "  is  from  two  to  three  times 
as  much  as  the  "free  cyanide"  registered.  It 
must  be  remembered  that  our  treatment  is 
regulated  in  accordance  with  results  obtained  by 
fairly  definite  and  consistent  analysis,  and  an 
accusation  of  error  should  not  be  too  lightly 
made.  I  regret  that  the  authors  have  not  more 
clearly  indicated  what  they  mean  by  "destruction 
of  cyanide."  I  know  it  is  wise  to  avoid  defini- 
tions where  possible,  but  in  this  case  a  real 
conflict  is  involved.  I  do  not  think  that  conver- 
sion of  cyanides  into  ferrocyanides  can  fairly 
come  under  this  heading,  and  1  am  doubtful  if 
their  change  into  cyanates  or  tkiocyanates  war- 
rants this  description.  To  change  the  issue 
slightly.  I  think  the  authors  should  bring  forward 
some  direct  evidence  that  the  ferrocyanide  they 
are  content  to  leave  in  the  sand  will  not,  under 
the  conditions  to  which  it  will  be  exposed,  give 
rise  to  HCX  in  more  than  infinitesimal 
quantities.  I  may  say  I  have  some  little  doubt 
on  the  point,  but  I  am  sure  Dr.  Moir,  with  the 
aid  of  his  new  indicators,  can    quickly   settle   the 


question.  Beside  the  cyanide  in  the  residual  solu- 
tions, the  presence  of  sulphocyanides  and  ferro- 
cyanides must  also  be  considered.  In  some  cases 
only  minute  amounts  of  these  substances  are 
present,  but  this  is  not  always  the  case.  Leaving 
out  of  the  question  the  ferrocyanides,  which  are 
bly  harmless,  the  presence  of  sulphocyanides 
may  occasionally  require  careful  consideration.  I 
have  already  crossed  lances  with  the  senior 
author  on  the  decomposition  of  these  salts  with 
ferric  sulphate  (or  chloride),  which  is  present  in 
mine  water  and  will  be  increased  as  a  result  of 
oxidation  of  the  pyrite  in  the  sand.  (This 
Journal,  Vol.  VI.,  p.  274.)  That  HCX  is  a 
product  of  the  reaction  can  now  be  easily  demon- 
strated by  means  of  hydrocoerulignone  paper,  or 
even  phenolphthakW.  (This  Journal,  Vol.  VII., 
p.  .">75.)  (By  the  way,  the  new  words  "  phene  " 
and  "  phine "  should  be  useful  in  place  of 
phenolphthah  ///'  and  phenolphthalme,  especially 
considering  the  difficulty  the  A.M.O.S.  has  with 
the  spelling  and  pronunciation  of  the  latter  pair.) 
It  may  seem  thankless  to  steal  the  doctor's 
thunder  with  which  to  slay  him.  but  really  the 
compliment  is  a  subtle  one  :  if  he  tries  this 
experiment  1  trust  he  will  choose  favourable 
conditions.  Before  leaving  this  point  I  would 
like  to  say  that  again  I  am  doubtful  if  under 
likely  circumstances  any  real  danger  is  going  to 
arise  from  this  source,  especially  as  in  the  dark 
the    action    is    so    slow,    and    for    certain    other 

isons.      I    think,    however,    the   authors   could 
relieve  our  minds  on  this  matter  also. 

Of  course  it  must  always  be  borne  in  mind 
that  any  solution  of  the  problems .  before  us 
must  give  financial  considerations  due  weight, 
and  it  will  be  seen  that  my  own  efforts  in  this 
direction  do  not  err  in  this  way  :  also  that  the 
practical  application  of  the  agents  to  be  used 
must  present  no  serious  difficulty.  In  this  con- 
nection the  authors'  reference  to  a  saturated 
solution  of  lime  seems  to  ignore  the  fact  that 
such  would  be  costly  to  maintain  (at  1  solution 
to  1  of  sand— about  Id.  per  ton  if  sand),  and  in 
practice  would  be  partly  neutralised  in  the  mine 
by  acid  waters,  and  on  expossd  faces  by  the  mine 
air,  which  the  chemist  to  the  Mines  Department 
accuses  of  frequently  containing  too  much  C02 
I  am  sure,  however,  he  would  prefer  that  gas  to 
HCX.  Again  I  do  not  labour  this  point  as  the 
authors  have  given  no  indication  of  the  practical 
application  of  their  remedy,  which,  however,  we 
await  in  their  reply.  The  one  thing  their  paper 
has  made  abundantly  clear  is  the  fact  that  the 
problem  is  not  to  be  solved  by  mere  examination 
of  the  literature  on  the  question,  and  their 
experience  that  applications  of  known  principles 
in  new  directions  involve  independent  research  is 
painfully  well  known  to  many  of  us.      The  paper 
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is very  sound  on  tlie  theoretical  point  of  view, 
though  no  account  of  any  effect  from  zinc  present 
is  taken  ;  and  the'  ingenious  ionic  explanations 
are  so  reasonable  as  to  offer  no  temptation  for 
a  more  critical  examination,  but  I  hope  the 
discussion  on  the  points  raised  will  be  worthy  of 
so  valuable  a  paper. 

My  own  viewr  of  the  "  destruction  of  cyanide 
necessary  for  the  present  purpose  is  that  it 
involves  the  unlinking  of  the  bonds  between  (  '  and 
X.  In  that  case  such  intermediate  substances 
as  formic,  oxalic,  glycolic  or  other  organic  com- 
pounds of  C,H  &  O  and  amonia  will  be  formed, 
or  ultimately  carbon  dioxide  and  nitrogen  gas. 
A  practical  consideration  is  the  fact  that  the 
(reactions  proposed  must  take  place  in  the  cold 
with  sufficient  rapidity.  No  rapid  destruction  of 
iron,  wood  or  vegetable  fibre  can  lie  permitted, 
and  some  advantage  may  be  gained  if  the  gold 
in  solution  is  not  precipitated  but  is  recoverable 
from  a  possible  wash.  It  may  not  be  necessary 
to  destroy  ferrocyanides,  it  may  be  advantageous 
to  destroy  sulphocyanides,  and  it  is  certainly 
necessary  to  destroy  practically  all  the  simple 
cyanide  present.  Old  dumps  (over  six  months) 
are  possibly  safe  enough,  and  in  any  case  I  do 
not  propose  to  consider  them,  for  as  a  reduction 
manager  I  propose  to  let  the  mine  sluice  away 
my  residues  from  the  va*s,  under  mining  cost, 
and  if  the  cyanide  works  bear  the  cost  of 
destruction  of  cyanide  in  return,  the  nett  result 
will  be  a  reduction  in  cost  of  gold  extraction, 
with  which  I  am  more  immediately  concerned. 
Conditions  will  vary  much  on  different  mines,  so 
that  it  is  difficult  to  estimate  the  amounts  of 
cyanide  and  other  salts  to  he  dealt  with.  Upon 
the  May  Consolidated,  a  ton  of  residue  sand  will 
be  associated  with  about  240  lbs.  of  solution  of  a 
"  total  cyanide  "  value  of  02  to  03  ,  alkali  equal 
to  "01%  NaOII,  and  insignificant  quantities  of 
ferrocyanide  and  sulphocyanide.  On  some  mines, 
especially  if  no  final  washes  of  "  slime  "  solution, 
or  of  water,  are  used,  the  ferrocyanide  and  the 
sulphocyanide  may  each  amounl  to  a-  much  as 
half  the  cyanide  strength.  It  is  evident  that 
each  ton  of  sand  contains  enough  poison  to  kill 
more  than    I  00  men. 

I  will  first  of  all  consider  those  reagents  which 
promise  success,  and  then  outline  the  arrange- 
ments I  would  propose  (if  trials  on  a  large 
scale  prove  satisfactory  i  for  their  economic 
utilisation.  The  onlj  reagents  I  have  been  able 
t<>  obtain  satisfactory  results  from  are,  in  the 
order  of  t heir  efficiency  (1)  Alkaline  permanga 
nates    (•_')  Alkaline    picrates    (■">)  Aldehydes  and 

Ketones.       Thi'  cost    in  these  thiee  cases  are  all   in 

the  neighbourl d  ol  one  penny  per  ton  of  sand 

for  chemicals  only,    but    it    i-    just    possible    that 
extra  gold  may  be  recovered  in  the  course  oi  their 


application  to  pay  for  this  in  some  cases,  and  in 
any  case  I  feel  convinced  that  a  reduction  ol 
cyanide  used  will  lie  induced  indirectly,  so  that 
ultimately  no  permanent  increase  of  working 
cost  is  to  be  anticipated. 

Alkaline  Perm  w.an  \  r-ES. 
It  is  a  well  known  fact  that  permanganate  of 
potash  in  acid  solution  has  little  or  no  action  on 
HCN,  but  it  is  not  so  well  known  that  in 
slightly  or  strongly  alkaline  solutions  the  simple 
cyanides  are  oxidised  to  cyanates,  the  ferro- 
cyanides to  ferricyanides,  and  the  sulphocyanates 
to  sulphates  and  cyanates  (in  acid  solutions 
EGN  only  is  formed).  The  reactions  I  have 
established,  to  my  own  satisfaction  at  hast,  are 
as  follow : — 

In  slightly  alkaline  solution. 
3KCXS  +  SKMn04- 

3Iv,S04  +  3KCNO  +  8M  n( ),  +  K20     (1) 
(A  reaction  requiring  93-8ccN/10  permanganate 
gave  as  a  result  980cc  and  4.s,-c  N/lOacid 

against  -J 'Tec  i. 

(Reaction  complete  at  15  C  in  a  few  hours). 
i  No  trace  of  KCN  in  filtrate). 
L»KMn04  +  2KCX  = 

Mn03,  Mn02  +  2KCNO  +  K20      (A) 

(A    reaction  showing    theoretically   383ec  N/10 

permanganate  and  7'TccN  10  alkali  formed, 

required  to  9cc  permanganate  to  destroy  K<  N 

4.S\~>  do.         to  show  red  colour 

and  T'.'ccN   10  acid.) 

KMn04+3K4Fe(CN 


3K3Fe(CN)6  +  2K20  +  Mn02 


(No  further  action  takes  place  in  the  24  hours 
than  the  formation  of  ferricyanide  with  n 
brown  precipitation  of  manganese). 

In      addition      to    that     caused     by     the    abo\e 

reactions, some  further  permanganate  is  consumed 

by  the  cyanide  solution  last  drained  from  a  re-  blue. 
Thi-  is  due  to  some  .-mall  extent  to  organic  com 
plexes  present,  and  partly  to  the  breaking  down, 
of  the  l\(  !N<  >  formed,  to  ammonia  and  potassium 
bicarbonate,  the  former  being  attacked  slowly  by 
alkaline  permanganate. 

KCNO  +  2H20=  KIK'O.  I  Ml 
(The  format  Jen  of  carbonate  can  be  demonstrated 

with  calcium   nitrate;  barium   nitrate  also 

gives  precipitate  soluble  in    UNO    bu(    this 

might  l>c  due  to  cj anates  , 
•JNML  +  l'K.MuO, 

•J.MnO,  |-2H20  +  2KHO  I  X  -  l> 

(In  solution  of  ammonia  a  few  drops  of    KMn04 

slowly  change  colour  to  brown  precipitate) 
This  hydrolysis  develops  further  alkalinity  and 

though  the  hydrated  manganese  precipitate  in 
equation  (A)  cannot  be  washed  free  from 
potassium  hydrate,  yet  an  excess  of  alkalinity-is 
found.  In  one  case  in  accordance  with  equation 
I  1 )  alkalinity  in  i  xcess  was  found  up  to  a  total  of 
6 ■:.  :cN  10  lb  '1  though  the  precipil  ite  is  difficult 
to  wash,  and  the  methylorai  ge  end  point  w  - 
rather  indefinite. 
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In  acid  solution  the  hydrolysis  of  the  cyanate 
is  apparently  much  more  rapid  and  so  is  the 
action  of  permanganate  up<  n  the  ammonia  salt 
formed,  and  upon  such  products  of  the  decom 
position  of  cyanide  alread  found  in  the  liquid. 
If  therefore  an  excess  of  |n  rmanganate  be  added  to 
a  working  cyanide  soln  and  alter  a  couple  of 
hours  the  mixture  be  I  red,  and  the  filtrate 
made  strongly  acid,  a  !•  i  er  decomposition  will 
be  observed.  It  is  quitf  rtain  therefore  that  no 
harm  is  going  to  be  u  ne  by  small  excess*  of 
permanganate  if  this  method  of  destroying 
cyanide  be  adopted  before  using  "  current 
residues   for  sand-tilling. 

In  acid  solutions  the  action  of  permangantes 
upon  cyanides  is  insignificant,  but  an  alkalinity 
of  <>T0%NaHO  (and  this  would  generally  be 
present)  is  sufficient  in  the  dilute  solutions  we 
are  considering  to  enable  the  reaction  to  proceed 
to  the  end  so  that  KCN  cannot  be  detected  by 
the  prussian  blue  reaction,  nor  by  Phine 
(sensitive  to  I  part  in  400,000,  I  find)  nor  even 
by  hydroc*  eruligwne.  These  latter  tests  can  be 
applied  because  the  cyanide  is  destroyed  before 
the  action  on  permanganates  (of  other  bodies 
at)  is  complete.  In  one  ease  the  total 
destruction  of  KMn04  was  44  ec.  but  KCN  had 
all  disappeared  when  41  cc.  only  were  used  and 
the  filtrate  gave  no  reaction  to  these  highly 
sensitive  in  licators.  The  working  solution  used 
for  experimenting  (last  draining*)  contained 
protective  alkalinity  0"010%  NaHO,  available 
cyanide  0-010  KCN,  and  total  cyanide  0"029% 
KCN.  A  mere  I  race  of  sulphocyanide  and  no 
ferrocyanide  was  present.  This  required  about 
20%  by  volume  of  N/10  KMnO.,,  but  if  40% 
were  added  the  colour  in  the  filtrate  disappeared 
upon  the  addition  of  dilute  acid  in  excess  if 
sufficient  time  were  given.  (The  presence  of  zinc 
has  no  effect  at  all.) 

On  the  other  hand  a  synthetic  solution  re- 
quiring 409  cc.  for  complete  cyanide  destruction 
consumed  II  cc.  N/10  perrnang  rtate,  while 
alkaline  and  upon  addition  of  H.SO,  to  the 
filtrate  then  fn  m  coi  timed  a  fuitl  i  i  7  or  8  cc  , 
though  this  lattx  \  ■  would  b<  creased  by 
further  time   allowance.       The   t<  lestruction 

of  ammonia  formed  from  KCN<  -  Id  require 
9  or  10  cc,  a  total  of  (il  cc.  in  ;•■  ■•  ince  with 
equation  |  B)  below: 

6RMnO4  +  10KCNO  +  HHoS(        HK„S04  + 
6Mi  so  -i  :,N    +  ioo  i     (B) 

(In  this  case  there  is  no  precipitate 
minute  bubbles  of  gas  ai 
If  a  very  -  rongly      II  aline  soli 
green     mat    anati .        Iways  oi  oied, 

permam  i  t.  and  as  I  his    s  the   !  .    . 
case  much  n  i  re   pet  sumed 

Aery    large    excess    ol     dkali    as     - 


|  Roscoe  it  Schorlemmer,  Vol.  11.  part  2,  p.  lit),  is 
required    to    make    the    manganates    stable     in 

solution  and  I  do  not  think  this  case  a  likely  one. 
to  arise  in  practice.  The  following  is  the 
equation  : — 

2KMn04  +  KCN  +  K2< )  =2K2Mn04  +  KCNO  (C) 

(A  solution    requiring    TOO     cc.     N/10    KMn04. 
(theoretical)    showed    permanganate   bands 
to  spectroscope  at  68*2  cc.  at  once,  but  766 
cc.  showed   only   very  faint  bands  after  16 
hours.     A  slight  brown    precipitate  formed, 
and  the  solution   turned    red    upon  addition 
of  excess  acid.) 
Although   the   above    reaction    commences    with 
great     speed     the     end     point    is    very    slow    in 
arriving.      A  similar  effect  may  be  observed  with 
sulphocyanides    in     strongly     alkaline    solution. 
The  extraordinary  stability  of  IIAu(CN),  referred 
to  by  Messrs.  Caldecotl  &  Johnson   ("Vol"  IV..  p. 
271)  is    no    doubt    the    reason    that    it    is   quite 
unattacked      by      permanganate.        A    solution- 
carrying  3  dwt.  gold  per  ton  gave  no  gold  in  the 
precipitate   with   excess   of    permanganate,   after 
thorough  washing,  and  the  same  is  the  case  with 
formaldehyde  and  picrates,  also  ferrous  sulphate. 
As     the    gold    in    the    solution    associated     with 
discharged  residues   amounts  to  about  1  part   in 
ten  millions,  this  effect,  though  possibly  enabling 
a  small  further  saving   of  gold   to   lie  made,   will' 
not  otherwise  be  worth  consideration. 

In  accordance  with  equations  (A),  1  and  2  the 
following  permanganate  consumption  is  in- 
dicated : — 

1  lb.  K(  N  requires  2-425  lb.  of  KMnO, 

„     KCNS  „        4-340 

„     K4Fe(CN)e  ,.        0-143 

Assuming  that  one  ton  of  residue  is  associated 
with  200  lb.  of  solution  carrying  002".  total 
cyanide,  with  insignificant  amounts  of  the  othei 
salts,  the  abov<  figures  would  show  a  consumption 
of  01212  lb.  ol  permanganate,  value  about 
0'6d.  It  would  not  be  necessaiy  to  use  pure 
permanganate  of  potassium,  as  a  cheaper  base, 
such  as  soda  i  r  magnesia,  would  show  advantage 
in  original  or  transport  cost. 

T  may  add   that    it   is  not  easy,  because  of  the 

coh  ured    preci]  itate.    to    follow    these    reactions 

wi\  closely,  i  i  i     the   only  method  I  have  found 

useful  is  t<    j  i     '    -pots  on  glass  and  examine  the 

tran^n    tted      through     a    direct    vision 

spe<    rosci  :  e.      hi  this  way  it  may  be  shown  that 

1  two    hours    is    required    for 

i  :   n-  (A  2),       It   requires  another 

i      >■  precipitate  can  be  filtered  off 

i     les  to  grow   from  the  size  of 

lloid  ' 

I    -.  i     be    obsei  ved    that    the   final  effect   is 

i  d  i  <jf  KCN    with   formation   of 

1  )    ;:  i  -   .      The   intermediate   KCN(  ' 

while    the    solution    remains- 
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alkaline  and  speedily  when  acid,  and  can  cause 
no  danger  in  either  ease.  To  test  this  action  of 
KCNO  1  attempted  to  prepare  some  cyanate,  but 
the  product  I  obtained  showed  only  6  NaCNO 
to  silver  nitrate  and  aboul  38  of  Na  C03.  Ill 
.alcoholic  solution  it  gave  a  very  good  reaction 
with  coball  nitrate,  but  dilution  with  water 
speedily  destroyed  the  fine  blue  colour.  A  small 
quantity  recrystallised  from  boiling  alcohol 
showed  no  carbonate  and  refused  the  prussian 
blue  test.  The  impure  salt,  though  quite  tree 
from  NaCN,  gave  the  prussian  blue  reaction  in 
■consequence  of  reduction  by  tenons  sulphate;  and 
gave  a  good  colour  to  "  phine  "  after  this  reduc- 
tion (thai  is  in  the  filtrate  from  excess  NaHO) 
gh  directly  no  trace  of  action  was  visible. 
This  explains  .me  case  where  I  found  a  trace  of 
green  in  the  prussian  blue  tesi  after  application  of 
small  excess  of  KMnO,  to  a  working  solution. 
The  amount  was  quite  insignificant,  out  as  the 
work  was  done  on  a  cold  day.  I  presume  some 
cyaiiate  fin  tic  suitable  modification)  remained. 
In  this  same  working  solution  mixture,  as  in  all 
other  cases  tried  with  excess  of  permanganate 
(after  Hi  hours),  no  tract  of  reaction  on  "phine" 
pa pei'  could  lie  observed  when  the  prepared  paper 
was  suspended  over  the  strongly  acidified  solution 
in  a  closed  vessel,  if  such  a  mixture  be  tested 
within  five  minutes  of  adding  the  excess  perman- 
ganate, a  faint  action  can  be  observed  in 
ten  minutes  more  but  if  the  test  lie  delayed 
two  hours  no  IIOX  can  be  observed  on  render- 
ing acid  the  alkaline  solution  gives  off  no 
IK'X  when  mixed  with  permanganate  in  ei 
though  a  fair  reaction  is  observed  with  the  weak 
working  solution  by  itself,  much  intensified  by 
addition  of  slight  excess  of  acid.  The  impure 
NaCNO  could  noJ  be  made  to  give  off  any  HON 
nid  hydrolysed  quickly  in  acid  solution 
(equation  3). 

I  find  thai  s working   -> d ut i> 'ii-  are   quite 

readily  titrated  direct   with   KMnO,  as   a    precipi- 
tate   forms    much    more    rapidly.        In  one  < 
obtai  ed   distincl    reddening  with    28cc  and  the 
addition  of    2cc    more    left    a    red    colour    in    the 
filtrate  after  |(i  hours       It  is  probable,  then 

in  practice  the  lasl  solution  leaving  a  vat 
could  be  titrated  with  X  ID  OIn<  >,  and  by 
adding  10  or  20%  to  the  figures  thus  arrived  at, 
the  amount  of  permanganate  to  be  added.  l"i  a 
final  wash  before  discharge  to  the  mine,  could  be 
estimated.      I  mayjusl  add  the  observation  that 

ddition  of  slight  excess  ot  KM. .<  I    to  0  10 
KCN  at  once  and  completely  destroys   its  power 
of  dissoh  ing  gold  leaf. 

\  LDBH\  DES     vM>    K  ETON  I  S. 

Aldehydes   have   the   -tincture    1!     CHO  and 
es  E      CO      I!,  and  it  is    well    known    that 


both  have  the  proper';,  of  combining  directly 
with  Ih'X.  In  man)  >-■  >  this  requires  pro- 
longed heating,  but  bi  nzaldehyde  will  slowly 
combine  with  freshly  liberated  IK  X.  a<  etaldebyde 
will  slowly  react  with  KCN,  and  in  tic  cas 
formaldehyde  tic  reaction  i-  almost  instantani  <  us 
in  the  cold. 

formaldehyde  is  obtained   commercially 
strong  solution  (about   10     by  volume  under  the 
name  of  formalin,  and   is   largely   used  as 
and    powerful    disinfectant.      This    solutii 
heavier  than  water  as  the  following   table  (from 
Allen  s  ( Jrganic  Anal)  sis  I  -lews  : 


Sp.  (Jr. 

I  Dill'.-, 

10125 
L-0250 
L-0380 
I  0530 
1-0670 
1-0830 
1-1040 
I  ]•_'.-)() 


by  volume. 
10 
50 
10-25 
15-6 
•J  1-1 
26-7 


•  i 


loll 


liv  weight . 
I-') 
5  0 
100 
L  5  ■  0 
200 
250 
30  0 
35  0 
in-o 

All  the  following  results  refer  to  formaldehyde 
from  commercial  formalin  of  sp.   gr.    1-09,  about 
32      by  weight,  and  would  require   suitabh 
rection  if  a  stronger   product   were  used.      It   is 

possible    that    other    aldehyde-    or    even     ki 
may    be    useful    for    our    purpose    (for    insl 
acetaldebyde,    which     is    certainly    very    much 
-lower,    or    benzaldehyde),    but    for   preliminary 
experiments  formaldehyde  is  much  more  suitable, 
and  even  in  practice  kindred  reag<  nts  would  have 
to   show    considerable   less  cost   to   render  them 
worthy  of  attention.      (Some  forms  of  -    g 
an  aldehyde  structure,  but  I    understand  that  the 
cyanhydrin    reaction    (equation  I')    i-    -low 
requires  heat, ) 

Tic  following  is  the  reaction   between   c) 
of  potassium  and  formaldehyde  i  Remsen,  <  h  s 
Chemistry,  p.  198)  : 
2KCN  i  2HCHO     11  <>  = 

K  ,<>  i  2HCH(OH  '  D) 

2HCH(OH)CN  +  K.<>  •  3H  0 


2CB  <)|  I.CooK   |   _'\ll 


(  Potassium  glycoll 

(In  accordance  with     l1     no  extri  alkalinity   i- 
tl  eve  I  oped      I  'en,  din  estimated   l»)   v 
at    :;•_'      wa-   found    to    I) 
hack  excess  -i  acid    Vg  N03  with  \  II ,<  NS  . 
Xo  effect  can  be  ob^ei  v<  rJ  upon  sulphi 
or     fen.  cyanides     b  ammonia     w  ill     be 

destroyed  in  accord  mce  w ith  equation  : 
(  From  Sutton's  Volumetric 

6HCHO  f  IXIL      ■  li     \       6H  I  • 
i  Hexamethyleiv   tetrami 
The    above   reaction         i    < 
requires  from    6   1  that  i I    will 

ibly  pla\  ver)  li 
of  formalin  required. 
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In  accordance  with  equations  (D)  and  (E),  no 
further  alkalinity  than  that  due  to  KCN  is 
developed,  and  the  following  experiments  indicate 
this  :— 

50cc  0-01      KCN  required  5-3ccN/10  acid  (phene) 
7*6    :  :    (caeth. orange) 

If  excess  of  formalin  be  added  immediately 
before  titration  7"5cc  and  7"6cc  of  acid  are 
required  in  the  two  cases  :  the  HCN  effect 
referred  to  by  Dr.  Moir  and  Mr.  Gray  being  thus 
obliterated.  If  formalin  be  added  to  a  working 
solution  containing  zinc  a  precipitate  of  zinc 
hydrate  is  formed  containing  no  cyanogen,  but 
silver  cyanide  is  decomposed  only  in  alkaline 
solution. 

I  have  found  it  no  easy  matter  to  follow  these 
equations  with  exactness  by  any  direct  titra- 
tions, because  of  the  difficulty  of  finding  an 
indicator  for  the  end  point.  I  have  tried 
leucaniline  and  aniline  hydrochloride,  but  the  end 
point  is  not  definite,  and  both  require  some  little 
excess  of  cyanide  to  prevent  the  formaldehyde 
reaction.  Leucaniline  in  acid  solution  is  much 
slower  in  action  when  the  reagents  are  balanced, 
but  up  to  nearly  twice  the  right  amount  of  KCN 
a  very  slow  formation  of  the  violet  colour  is 
observed,  in  this  case  requiring  24  hours.  The 
white  precipitate  with  aniline  seems  to  be  formed 
at  almost  any  proportion  if  you  render  alkaline 
and  wait  long  enough.  Unfortunately,  the 
reaction  with  hydrocoeruligone  is  also  very 
indefinite,  but  in  this  case  a  small  excess  of  KCN 
is  not  decidedly  indicated.  With  "phine"  solution 
the  reaction  takes  place  except  with  very  large 
excess  of  formalin,  though  it  is  much  slower  as 
soon  as  an  excess  is  present  at  all,  and  the  best 
direct  result  obtained  was  by  spotting  on  phine 
paper  which  agreed  closely  with  the  exact  method 
given  below.  This  method  is  taken  from  Sutton's 
Volumetric  Analysis,  and  depends  upon  the  fact 
that  an  excess  of  KCN,  after  addition  of  formalin, 
is  completely  precipitated  by  acid  AgN03  without 
reduction  of  silver.  The  excess  of  acid  AgNO,, 
is  titrated  with  NH4CNS  by  Yolhard's  method. 
A  solution  of  formalin  (estimated  at  32%  from 
sp.  gr.)  was  made  so  that  lcc  should  equal  lOcc 
of  0*1%  KCN.  This  solution  was  found  to  show 
Ice  equal  to  11*2  c.c.  KCN.  A  working  solution 
gave  lcc  equalto  9"8ccKCN0T0  Another 
gave  10"6cc.  These  working  solutions  evidently 
contained  ammonia  or  other  destroyer  of  formal- 
dehyde in  very  small  quantities. 

If  an  attempt  is  made  to  use  acid  AgN03  to 
determine  the  end  point  of  a  formalin  titration 
with  KCN,  it  is  found  that  an  excess  of  about 
2-6cc  per  100  of  0T0%  KCN  is  required  to 
prevent  the  precipitate  of  AgCN,  and  in  any  ca.se 
this  method  would  be  useless  for  working  solu- 
tions containing  chlorides,  etc.,  and  therefore  the 


round-about  method  detailed  above  is  at  present 
the  only  accurate  method. 

1  think  the  whole  difficulty  depends  upon  the 
fact  that  this  reaction  does  not  proceed  to  abso- 
lute completion,  at  any  rate  within  two  hours. 
From  rough  comparative  experiments  with  the 
Prussian  blue  reaction  I  find  that  about  99 -5% 
of  the  cyanide  is  destroyed  immediately,  and 
that  the  rest  requires  about  12  to  16  hours.  In 
this  way  can  be  explained  the  fact  that  no  HCN 
can  be  found  to  "  phine  "  paper  on  adding  acid  to- 
the  formalin  mixture  balanced  with  KCN 
(0.10%)  after  16  hours,  no  reaction  with  the 
Prussian  blue  test,  very  slow  reaction  (but  com- 
plete) with  the  "  phine  "  solution,  and  no  solvent 
action  on  gold  leaf.  If  the  above  reactions  are 
tried  within  two  hours  it  will  be  found  that  a 
slight  amount  of  HCN  gas  is  given  off  with  acid, 
a  very  faint  reaction  with  Prussian  blue  test,  a 
good  reaction  with  phine  solution  and  a  slow 
action  on  gold  leaf  (dissolves  in  over  two  hours). 
A  slight  isopurpuric  reaction  can  also  be  ob- 
tained within  two  /.ours.  Using  10%  KCN  a 
famt  reaction  to  acid,  with  "phine"  paper,  can  he 
observed  even  after  2  4  hours. 

I  have  no  means  for  proving  the  (E)  equation  in 
the  cold  hut  by  using  strong  solutions  a  good 
blue  colour  can  he  obtained  with  Cu804,  which 
may  he  due  to  ammonia,  and  a  red  solution  is 
obtained  with  slightly  alkaline  FeCl3  which  may 
be  due  to  the  glycollic  acid,  but  if  a  practical 
application  is  found  possible  no  doubt  it  will  he 
worth  while  going  farther  into  the  matter.  At 
the  present  stage  I  am  uncertain  whether  this 
conversion  of  cyanide  can  he  called  a  destruction, 
hut  in  any  case  the  evolution  of  HCX  upon 
addition  of  mine  water  would  apparently  be  in- 
significant after  the  16  hour  delay,  taken  up  by 
application  as  a  wash  to  the  vats.  The  above- 
equation  (D)  indicates  that  1  lb.  of  KCN  would 
require  1 "  1 4  lb.  of  tin-  .".^  formalin  and  on  the 
same  assumptions  as  before  one  ton  of  sand 
would  require  0075  lb.  formalin  :  at  Is.  per  lb,, 
in  Johannesburg  this  would  cost  0"9d.  per  ton. 
A  small  extra  consumption  maybe  required  from! 
other  constituents  of  the  solution,  but  this  would 
in  most  cases  ho  very  small. 

Alkaline  Picrates. — Picric  acid  or  tri-nitro- 
phenol  was  formerly  largely  used  for  dyeing  pur 
p  ses,  Imt  its  principal  use  at  present  is  in  the 
manufacture  of  lyddite  and  melinite  for  war  and 
other  explosives.  The  reaction  with  alkaline 
cyanides  in  an  alkaline  solution  is  fairly  well 
known  and  is  the  base  of  a  fairly  sensitive  test 
for  either  reagent.  The  reaction  is  not  very 
quick  in  the  cold  but  may  be  accelerated  by  the 
application  of  heat.  At  ordinary  temperatures 
the  reaction  between  sodiuifl  picrate  in  1%  solu- 
tion and    potassium  cyarjide   in  0'1       solution   is* 
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complete  in  about  two  hours,  and  a  very  deep 
brown  solution  of  sodium  isopurpurate  is  formed 
in  the  liquid.     The  following  is  usually   given  as 

the  reaction  : — 

2H,0  +  CgHgNgCX  +  3KCN  = 
(Picric  acid) 

+  C8H4KN506  +  NH3  i  K2C03     (F) 
(Potassium  tsopurpurate). 
(The    colour  developed   prevents   any   accurate 
titration  bul  39  c!c.  KCN  0'10%  were  found 
against  40'3  theoretical  excess  and  alkali  to 
lacmoid  paper  I  5  c.c.  (N/10)  against  •_'  <i  c.c. 
Experiments  with  1  to  7  c.c.  of  N/20  picric 
acid,  below,  support  above  equation.) 
Picric  acid  has  no  apparent   action   on   sulpho- 
cyanides  and  ferro-cyanides. 

The  reaction  (F)  requires  a  neutral  or  alkaline 
solution  ;    even   excess    of    acidity    due    to    picric 
itself  will  entirely  prevent  it  as  the  following  ex- 
periments  show  :       Seven    lots,    10    C.C.    each    of 
0.09%  KCN  were  placed  in  test  tubes  and  varying 
amounts  from  1  to  7  c.c.  of  1       picric  acid    solu- 
tion were  added.      In  12  hours  1  c.c.   and    2   c.c 
gave    equally   dark    solutions.     Three  c.c.    picric 
acid  showed  some  action  and  4  c.c.    a    very    faint 
effect.      Absolutely  no   change    was   observable 
with  5,  6,  and  7  <-.f.  though   on    the    addition    of 
alkali  in  excess  the  usual  reaction  proceeded  forth 
with.      A    shade   less    than    1    c.c.    of   picric    acid 
solution    is    indicated    by    the     equation.       The 
characteristic    silky    green    precipitate    which    is 
produced  by  a   weak  solution  of  cuprammonium 
sulphate    could   only    be   observed    with    ■">    c.c. 
This  test  though  exceedingly  sensitive   with  pure 
picric  acid  is  much  obscured   in   the   presen  e  of 
iso-purpurate  and  is   therefore   not    available  for 
observing  the  exact  end    point  of  this  reaction. 
Although  it   will    be   observed    from    equation    F 
that  1  ."•  of  the  KCN  is  completely  destroyed  the 
fate    of    the    remainder    has    to    We    considered. 
Though  iso  purpurates  seem  to  lie  quite  stable  in 
alkaline   solution    and  even  with  ven    weak    arid 
solutions  this  is  not    the  case   with   such    strong 

acid  as  ■_'()  sulphuric  acid.  The  same,  however, 
may  lie  said  of  fcrro  and  ferricyanides  as  the 
following  scries  of  experiments  will  show. 

Test  paper  made  with  CuS04  and    phine   was 
suspended   in   huge  closed   test    tubes   over    the 
following  mixtures  :  — 
(1).     Excess  alkaline  picrate  and  did        KCN. 

(  No  colouration  in  '_'  I   hours). 
(2).  To  (I)  excess   20       II  .so,   added,   solution 
became  lighter. 

(Strong  coh iura1  ion  in  5  minutes. 
('■'>).  h'h    ferrocyanide  and  excess  20      II  S04. 

( Fair  coloural  ion  in  '_'  I  houi  s. 
(4).   10%  Ferricyanide  and  excess  20      II  S04. 

(  fair  colouration  in  l'  I  hours). 
Experiments  ■">  and   I  were  repeated  with  excess 
of  suitable  iron  salts  to  form   Prussian   blue,   but 


this  did  not  appear  to  effect  the  result  either  way. 
As    this  matter   touches   closely    upon    the    work 
done  by  Dr.  Moir  and    Mr.    Cray  I   went    further 
into    tin-    question    and    took    for   experiment  a. 
working  solution  giving  0'018%  free  and  0< >- »7 
total   cyanide.     This  solution  alone  gave  a  faint 
reaction  in  closed  test  tube  with  "phine"  paper  in- 
one  hour.     With  excess  II  ><).  strong  reaction  in 
5  minutes.      With  slight  excess  FeS04    and  acid 
.strong  reaction  in   5  minutes.      With  large  excess 
IVSt),     alkali,    then    slight    excess     dilute-    acid 
strong     reaction     in     5     minutes.       Of     course, 
there     is    no  comparison   between    the    stability 
of     the    ferrocyanides    and     the    isopurpuratea 
a-   tested    in  this    way    as    the    former   are    much 
superior.      As  no  attempt  was  made  to   carry  out 
the  exact  method   recommended   by  the  authors 
this   has    only   a    very   indirect    bearing  on   their 
work.      I  shall  later  outline  a  method  for  reducing 
the  ferrocyanides  in  our   working    solutions    to   a 
minimum,    because   their    complete    destruction 
does  not  appear  feasible.      It  is  a  well-known  fact 
that    old    solutions    of    potassium     ferrocyanide 
exposed  to  light  develop  alkalinity  and  also  give  a 
light  blue  precipitate  (observed  in  .">  above).    But 
such  solutions  also  give  Dr.  Moir-  reaction   with 
hydrocoerulignone  though  this  is  not   so   reliable 
in  such  a  case.     However,  in  such  cases  as   these 
two,  a  practical  test  will   decide   it   the  reactions 
can  lie  safely  made   use   of    in    practice.      1    may 
say     that     this     reaction     (K)    between     alkaline 
picrates  and  cyanides    is    very    delicate    and     will 
reveal   the    presence   of    cue    part    of    KCN    in. 
100,000  with  certainity,  and  a  careful  comparison 
will  show  the  effect  of  I  in  200,000   after  allow- 
ing   tu    stand    fur    '1 1    hour-,  and    observing    the 
colour  of  li  inches  of  solution. 

[t  has  been  pointed  out  that  a  concentrated 
solution  of  picric  acid  if  boiled  for  some  time 
with  caustic  baryta  yields  a  little  ll('\  ;  but  no 
reaction  with   FeS04,    NaHO   then   acid    can    be 

obtained   with  a  cold  saturated  solution    either    of 

picric  acid  or  its  reduction  product  with  zim 
sodium  sulphite  (picramic  or  picramic  acid). 
If  slight  excess  of  picric  acid  be  added  tu  KCN  in 
alkaline  solution  after  12  hours  no  Prussian  blue 
reaction  can  be  obtained,  even  if  a  little  weak 
III 'I  (in  excess)  be  added  lirst  of  all.  .After  "in 
hour  only,  a  strong  Prussian  blue  reaction  can  be 
obtained  by  first  adding  strong  HC1  to  the  mix 
ture,  but  after  Hi  hours  this  reaction  is  mi  longer 
possible,  as  upon  the  addition  of  the  necessary 
alkali  the  isopurpurate  is  reformed  immediately. 
(Cp.  (2)  above). 

I n  accordance  with  equation  (Fj  I  lb  oi  KCN 
requires  l"03  lb.  picric  acid  (quoted  at  lOd.  lb., 
London).  With  the  same  assumptions  as  bel  ire 
one  ton  of  sand  would  require  0*0515  lbs.  about 
0  77d.    here.       Upon   continued  investigation  1 
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find  that  a  solution  of  010  KCN,  with  excess 
of  alkaline  picrate  will  dissolve  gold  leaf  in  half 
an  hour,  either  when  freshly  made,  when  two 
hours,  or  even  when  24  hours  old.  Tins  solution 
will  iiive  HON  gas  when  acidified  but  will  show 
no  HCN  (at  24  hours  old)  to  Prussian  blue  test. 
The  obvious  deduction  is  that  isopurpurates  are 
gold  solvents  but  the  p  iint  is  nol  worth  investi- 
gation in  view  of  the  expense  and  other  difficulties 
attending  their  use.  The  picrates  will  not  dis 
solve  gold  leaf  in  1 -0  solution.  It  seems  fairly 
certain  that  in  practice  strongly  alkaline  solutions 
would  have  to  be  used  to  su  xessfully  "  convert  " 
cyanides,  and  probably  a  practical  experiment 
might  be  left  over  till  the  other  methods  proj 
had  been  found  unavailing. 

Practical  Methods  Suggested.  T  have  little 
wish  to  enter  upon  the  mechanical  side  of  this 
question,  but  I  assume  that,  if  current  residues 
are  to  be  utilized  for  sand-filling,  they  will  be 
sluiced  out  of  the  tanks  and  the  surplus  water. 
after  removal  by  cones  with  Caldecott  diaphragms, 
run  into  a,  sump.  As  the  sand  has  to  he  final!} 
placed  some  distance  below  the  ground,  L  should 
suggest  that  the  boreholes  proposed  or  any  other 
method  might  easily  be  arranged  to  avoid  pump- 
ing of  sand  pulp. 

It  is,  however,  with  the  chemical  side  of  this 
question  that  I  have  concerned  myself  in  order  to 
arrive  at  the  most  economical  methods  practicable. 
In  the  first  place  it  is  clear  that  for  this  purpose 
we  want  as  little  cyanide  as  possible  left  in  the 
sand,  probably  as  little  sulphocyanide  and  pos- 
sibly  as  little  ferrocyanide.  E'ortunately,  in 
in  most  cases,  these  results  can  be  simultaneously 
achieved  by  the  following  method  outlined. 

In  the  first  place  to  minimise  as  much  as  pos- 
sible the  production  of  ferro  and  sulphocyanides 
it  will  be  necessary  to  crush  the  ore  in  alkaline 
solution.  This  is  almost  invariably  done  now, 
but    if    the    alkalinity    of    the    null    water    were 

maintained  in  the    neighbour! d    of    0  025        as 

XatH)  little  extra,  linn-  would  be  required,  a 
small  improvement  in  amalgamation  would  result, 
ami  ferrous  salts  would  be  precipitated  and 
oxidised  immediately  (this  Jounal  Vol.  III.  p  :;. 
Mr.  A.  F,  Crosse).  Enough  alkalinity  would  be 
present  to  ensure  against  any  evil  effect  from 
decomposition  of  pyrite  in  collected  charges 
awaiting  treatment.  Further,  the  practice  on 
some  mines  of  using  cyanide  solution  so  strong 
en  0T5%  available  cyanide  would  in  this 
become  without  excuse  and  at  the  hi 
0TO%  would  be  amply  sufficient.  Indeed  I  see 
-no  reason  why  anything  higher  than  Do;, 
should  go  on  the  vats  seeing  thai  total  <■■ 
may  be  nearly  twice  this,  and  if  the  precipitation 
declined    the    cyanide    n  to    improve     it 

should  be  added  w:,  at  tht    head   of 


the  boxes.  In  addition  to  all  this  I  would  suggest 
that  the  last  two  washes  should  consist  of  pre- 
cipitated solution  from  the  slime  plant,  which 
should  carry  at  the  most  0.008%  available 
cyanide  as  that  strength  is  sufficient  to  ensure 
perfect  precipitation  with  solution  warmed  to  at 
least  19  C  il  these  boxes  are  dressed  about  once 
a  week.  The  interchange  of  solution  would  pi<>- 
vide  all  tin'  cj'anide  necessary  for  the  slime   p 

at  leasl  that  is  my  experience.     In  every   ca  e 
the  final  wash  from  the  ordinary  treatment  sh 
be  completed  as  far  as  practicable  by  a'pplicati*  n 
of  the   vacuum   pump.      P>y  the  above   means  we 
should  ensure  th, tt   i  he   leasl    possible  amoui 
cyanicide  consumers  remained  to  be  dealt  with. 

Application  of  Cyanicides. —  I  assume  that  the 
finished  residue   is  associated,    per    ton   of    sand, 
with  200  1b    of  solution    and   that   this   will    not 
contain  more   than  0*025      of   total   cyanide 
titrated   in    presence  of  excess   of  caustic   alkali) 
nor  any  i  ther  substance   i:.   sufficient   amount    to 
affect    the     calculation.      Of    course     it     will     be 
necessary  to  determine   these  facts   in  every 
and  the  calculations  will  have  to   be   adjusted   in 
accordance    with    the    result.      I    suggest  that    to 
the    finished      residue,     whichever     is     found    by 
practical    trial   of   the    following  solutions   to  be 
the  most  suitable,  should  be  applied  : — For   e 
100  tons  20  tons  of   (a)   permanganate  equal   to 
about  0"045%   KMnO,  or  (b)  formalin   equal    to 
about  0"027%  formalin  (at   32'     formaldehyde)  ; 
or  (<•)    alkaline   picrate    equal   to   about     0"019% 
picric  acid,  made  by  dissolving  picric  acid  in  lime 
water  so  as  ti>  show  excess  of  alkalinity  to  pi 
The  two  solids  must  not  be  allowed  in  contai  I    ir 
explosions    may    ensue.     A    margin   -of    50° 
excess  is   used,    which    may    not    fie   necessary  in 
practice.    Fhesewashes  mayberunto  the  disci 
sump  direct  if  it  is  not  found    profitable    to  ! 

them  through  zinc  boxes  or  apply  other   methods 
(such    as   de  Wilde's)  for  recovering  the   gold    en 
rmii,.     1  would  recommend  a  special  pump 
pipe    service    to    prevent   mistakes  .or  mixii 
solutions    ami,    of    course,    a    sump  for  dis;! 
water  would  be  provided  and  suitable   means    for 
hosing  out  the  vats    if    the    engineers    recommend 
that   method.      At   present  1  have    no    reasons    f<  v 
believing    that     the    methods     1    have    outlined 
would  result  in  anything  but  a  decrease  ni    h 
reduction  expenses  and  as  far  as  unavoidable  facts 
a;  e  concerned  I  he  direct  expense  of  the  cyani 
mentioned  should  not  exceed  (a)  for  perm  mganate 
Olid,  to  0"9d  per  ton  :   or  for   (h)    formalin    0.9d. 
to  L3d.    per    ton;   or    '.<■)    picric    acid    0.77d.     to 
IT  Id,     in    practice    if    permanganate    lie     used 
four  hours  contacl  must  be  given  and  the  solutions 
leaving  the    vats   must    lie    distinctly   red.       It    is 
possible  that  some    trouble    in    leaching    may    be 
d  and  in  that    case  a  weaker  solution   would 
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have  to  be  used  for  discharging  and  the  sand 
could  not  be  mixed  with  old  dump  residues  until 
24  hours  at  least  had  elapsed,  if  formalin  be 
used  the  solution  leachirg  must  show  excess  of 
formaldehyde  and  give  practically  no  Prussian 
blue  or  isopurpuric  reactions,  if  alkaline picrate 
be  used  four  hours  contact  must  be  given  and 
leaching  solution,  which  will  be  a  brownish  red 
colour  must  show  no  reaction   with   the    Prussian 

blue  test. 

As  far  as  laboratory  tests  go  it  se<  ms  clear  that 
the  use  of  alkaline  permanganate  must  be 
attended  with  complete  success,  but  the  method 
of  application  must  be  decided  on  a  working  scale. 
The  other  two  reagents  have  the  delect  of  not 
destroying  sulphocyanide,  but  practical  e> 
perience  may  decide  that  this  is  not  necessary 
either  because  both  sulphocyanide  and  ferro 
cyanide  may  be  present  in  insignificant  quantities, 
or  because  tin  \  may  prove  sufficiently  stable 
under  the  working  conditions.  If  the  latter  is 
the  case  the  use  of  ferrous  sulphate,  provided  the 
reaction  is  complete,  as  proposed  by  Dr.  Moir 
and  Mr.  Gray  may  become  possible  and  should 
be  cheap  enough  if  an  pxcessive  amount  of  lime 
is  not  found  necessary.  Of  all  the  methods  pro 
posed  the  use  of  formalin  would   be   by   far    the 

most  ( venient  from  the  rapidity  of  the   action, 

from  the  absence  of  any  large  amount  of  pre- 
cipitate, and  because  of  the  general  cleanness  oi 
the  reaction. 

Mr.  Andrew  F.  Crosse  (Past  President)  :  I 
should  like  to  ask  Mr.  White  an  important  question; 
in  your  experiments  did  you  treat  the  solution 
alter  passing  the  sand,  or  did  you  treat  a  mixture 
of  sand  and  solution  .' 

Mr.  H.  A.  White:      In  some  cases,  yes. 

Mr.  A.  F.  Crosse:  Von  have  not  mixed  it 
wii  h  the  s.ii  d  itself  ' 

Mr.  H.  A.  White:     No. 

Mr.    A.    F.   Crosse  :      Because   it    is   a    very 
different   problem  using  an  oxidising  agent  on  a 
very  dilute  cyanide  solution  by  itself,  to  usii 
same  agent  in  presence  of  sand  containing 
and  in  practice  this  would  be  the  case. 

Mr.  H.  A.  White:  A  verj  dilute  solution 
would  lie  used  as  a  wash,  md  there  would  lie 
practically  no  action  on  pyrite,  though  filter 
cloths  may  sutler  a  littie.  I  have  put  this  matter 
bet. .re  the  Mines  Trials  Committee  tor  a  practical 
trial  as  it  is  of  very  little  use  making  such  experi 
un  nts  in  a  laborat* ny. 

Mr.   C    D.    Leslie   (Member)  :     it    may  have 
occurred  to  many  of  us  that  the  valuable  p 
read  this  evening  by  Mr.  Pam  and  Dr.  Moir  must 
bring  togethcr,the  chemisl    and   the  miner 
subject  of  common  interest,  and  tend  to  make  our 


mining  members  realise  what  our  chemists  can  do 
for  them.     Since  sand   filling   is   in    it-  ii 
here,  and  also  bt-cause  of  the   important    bearing 
its  successful   application   would  have  on  pi 
and    future    Hand    mining  practice,   it    is    : 
hoped  that  in  discussion  members  will  add  to  the 
value   of    the    papers   that   have   been    read,   by 
bringing  forward   new    points   in    support   of  the 
subject,   and    retrain    somewhat    from    recording 
minor    objections    until    our    knowledge    of    the 
whole  question  of  sand  Idling  has  ire 

advanci 

The  President  :  We  hive  so  far  had  a  .  rj 
interesting  meeting  with  the  two  paper-  which  lit 
in  so  well  with  each  other,  and  I  am  sure  the 
remark-  offered  are  of  practical  use  both  for  the 
miner  himself  and  his  relations  with  the  chemist. 

It   is  a  great  pleasure  to  n-  to  have  two  leader-  f.t 
our    mining    industry.    Mr.     Anderson     and      Mr. 
Leslie,  with  us   to  night.      1    hope  this  will    fre- 
[uently  be  the  case  in  the  year  before  us. 
The  vote  of  thanks  was  carried  unanimously. 


FURTHER  NOTES  ON   RAND  MINING. 
(Bead  at    Vebrvary   Meeting,    1910.) 


By  Tom  Johnsos  i  Member). 

REPLY    TO    DISCI  SSION. 

Mr  Tom  Johnson  (Member):  In  reply  to 
Mr.  Roake,  I  must  say  that  I  am  not  in  love 
with  the  idea  of  boys  alone  building  pigsties  or 
packwalls  ;  it  was  seeing  the  fruits  of  this  kind 
of  thing  that  caused  me  to  write  the 
It  is  a  fallacy  to  think  it  can  be  done  well  by 
inefficient  boys  weeded  from  the  others,  tl 
the  Hiii  '■  make  man  traps.  My  way  in  this 
work,  as  in  other  work,  i-  to  combine   the  1  i 

of  the  white  and    coll  mred.        I   always  fnum 

pa\  to  keep  a  particular  white  man   or   mi 

this    work,  supplying  sufficient    native  labour  to 

k«ep  t  he  white  man  walling  steadily,  or   but 

the  cribs.      It  is  much  cli  do  1 1 1 i  —  tl 

have  the  work  done  in  tl 

done   by  putting   inefficient   labour  on  the 

matters  of  safety  require  i  fficient  labour. 

A-  to  managi  r-  agreeing    to   a 
machine.-  in  a  sto|  e,  I  am  bold  j 

■  be)  will  ha  ve  to        \s  to  th    i 
Roake    brines    t.  i  waul    about     the     nui  I 

machines  being  limited,  etc.,  it  the  rn 
one  face  it  is  not  m    ded  will- 

■_  ulated  in  the  same  waj  as  now  ; 
a    better    -\  stem    of    handling    r<  ck     w<  u 

sirv,  I. ut  this  would  be  a  gain. 
Mi     i:  impl)    that   bj 

home  we  should  Ii  se   son 
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not  lose  if  we  worked  from  home,  but  J  am  afraid 
I  cannot  .see  it,  for  it  seems  that  the  drive  would 
have  to  be  kept  open,  or  if  closed,  re-opened  in 
either  case.  With  drives  under  the  reef  a  box- 
hole  could  be  put  up  at  the  nearest  point  to  the 
block  left,  even  if  the  stopes  were  caved  in.  If 
the  suggestions  in  the  paper  are  followed  the 
drives  will  tint  break  up  and  close  owing  to  the 
packs,  sand  tilling,  etc. 

Mr.  Richardson  points  out  a  slip  right  away. 
In  the  paragraph  dealing  with  "  Driving  under 
the  Reef,''  1  should  have  mentioned  that  I  would 
drive  my  first  drive  on  the  reef  for  a4rial. 

As  to  getting  values,  I  have  seen  a  great  deal 
of  development  to  the  stoping  after  it,  and  nearly 
always  found  an  appreciable  difference  between 
the  development  and  stoping  values.  Also,  if  a 
drive  shows  poor  values  it  is  still  driven  on  in  the 
hopes  of  getting  into  bdter  rock,  so  1  do  not 
think  that  a  great  loss  would  result  from  not 
driving  on  the  reef.  Nevertheless,  it  must  be 
understood  that  I  am  not  laying  down  hard  and 
fast  rules  that  are  to  he  blindly  followed  :  there 
are  bound  to  be  eases  requiring  divergence  from 
general  lines.  It  must  also  lie  understood  that 
even  with  a  drive  driven  on  lines  it  is  not  neces- 
sarily straight  from  end  to  end  as  ^eems  to  be 
assumed.  There  are  miles  of  drives  on  the  reef 
which  have  any  amount  of  curves  in  them,  but 
which  could  have  been  driven  straight  from  end 
to  end  without  getting  off  the  reef.  For  a  begin- 
ning, take  a  ease  of  this  sort  :  after  the  first  trial 
drives  have  gone  in  the  next  ones  could  go  under 
the  reef,  and  if  the  cross-cuts  and  boxholes  turned 
out  satisfactory  evidence,  then  the  next  drive 
could  also  go  under  the  reef.  If  the  cross-cuts, 
etc.,  did  not  give  out  good  evidence  then  there  is 
nothing  to  prevent  one  from  turning  on  to  the 
reef.  Where  there  are  faults  or  bends  in  the  reef 
to  be  dealt  with,  the  drives  could  be  driven 
straight  for  a  certain  distance  and  then  the  direction 
altered  to  suit  the  new  circumstances.  We  have 
to  do  i;  at  present,  but  tin'  developer  determines 
the  number  and  extent  of  our  curves  now,  which 
I  do  not  think  satisfactory.  There  is  no  neces 
sity  to  get  a  great  distance  from  the  reef  to  try 
and  put  the  drive  in  straight  from  end  to  end. 
I  can  assure  Mi'.  Richardson  that  Fig.  1.  is  a  true 
reflection  of  a  few  drives  1  have  seen  lately,  and 
there  is  no  thought  of  taking  out  the  men. 

As  to  placing  reliance  on  our  strong  quartzite 
roof,  we  shall  have  to!  It  is  no  use  blinding  our- 
selves to  the  fact  that  because  we  have  done  fairly 
well  with  our  small  pillars  and  small  areas,  that 
it  will  always  he  so  What  is  going  to  happen 
bye-and-bye,  say,  along  the  stretch  of  ground  from 
the  Rose  Deep  on  the  east  to  the  New  Goch  on 
the.  west,  unless  sand  filling  is  commenced  soon  ] 
It  will  not  be  long  before  the  whole  of  it  is  stand 


ing  on  the  pillars,  which  are  sure  to  go  at  the 
main  reef  leader.  Now  one  can  see  this  coining, 
and  the  same  thing  will  happen  in  the  deeper 
deeps,  but  with  worse  effects.  For  awhile  there 
are  three  ways  of  handling  the  problem:  (1) 
leaving  larger  and  more  pillars,  which  will  be 
very  expensive  ;  (2)  to  take  out  all  reef  and  pack, 
sand  filling  for  preference,  as  stated  in  the  paper; 
or  (.">)  leave  a  large  number  of  very  small  pillars, 
3  ft.  or  4  ft.  diameter,  to  carry  the  immediate 
hanging  until  the  face  is  advanced,  these  stumps 
then  being  taken  (  ut  before  sand  tilling.  There 
is  a  great  reliance  to  be  placed  on  the  elasticity 
of  our  hard  roof.  Who  has  not  seen  props  that 
have  been  set  to  carry  the  roof  broken,  yet  the 
roof  never  came  down  I  You  may  also  go  along 
drives  where  the  supporting  ribs  have  been 
crushed  out,  and  the  roof  only  comes  so  far. 
What  has  happened  in  these  cases  to  stay  the 
movement  of  the  roof  .'  We  know  the  roof  has 
lowered  some  distance,  but  what  holds  it  in  its 
new  position  after  the  supports  have  got  crushed 
away  .'  Also,  what  about  the  folds  in  the  Rose 
Deep  and  the  Simmer,  and  what  about  the  changes 
in  dip  .'  I  think  there  is  plenty  of  evidence  as  to 
the  elasticity  of  our  roofs  ;  it  only  remains  for  us 
to  take  advantage  of  it,  and  allow  it  to  help  us 
instead  of  doing  us  harm  :  it  only  needs  a  little 
pluck  and  the  thing  is  proved. 

Mr.  Richardson  speaks  of  the  softer  strata 
overlying  the  coal  measures.  Now,  it  is  a  fallacy 
to  think  that  all  coal  measures  are  soft  :  1  have 
worked  with  a  10  yards  thick  rock  roof  which 
was  much  harder  than  our  quartzites,  and  the 
drifts  were  worked  out  over  greater  areas  than 
any  stope  I  have  seen  on  the  Rand,  without  sup- 
ports of  any  kind  in  them.  He  also  thinks  that 
because  the  coal  faces  are  advanced  rapidly  for 
the  purpose  of  roof  control  in  its  action  in  break- 
ing down  the  coal,  that  this  is  of  doubtful  appli- 
cation here.  Now  it  is  "  right  here  "  where  my 
friend  should  have  asked  himself  the  questions  ; 
why  do  they  advance  the  face  so  quickly,  and 
what  would  happen  if  the  face  was  advanced 
slower  or  was  stopped,  and  he  would  have  come 
to  the  conclusion  that  the  roof  would  break  at 
the  face,  not  only  taking  the  weight  off  the  coal 
but  giving  someone  a  job  to  open  up  the  face 
again.  It  seems  to  me  that  the  remedy  the  coal 
miner  uses  to  stop  his  roof  from  breaking  will  be 
the  same  for  us. 

If  a  pigsty  is  likely  to  get  blasted  it  requires 
four  posts  to  stop  it  from  getting  scattered  by 
Mows  on  the  ends  of  the  pieces.  Pigsties  are  not 
preferable  to  packs,  there  is  too  much  "give"  in 
them.  They  are  good  for  where  it  is  required  to 
get  supports  up  quickly  or  for  close  to  the  face 
where  blasting  is  going  on,  and  when  kept 
to   their    proper    sphere    are    mostly    temporary. 
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Packs  arc  far  and  away  better  for  supporting  and 
steadying  the  roof  I  am  speaking  of  the  roof 
proper,  not  the  immediate  hanging  wall,  as  seems 
to  be  assumed. 

I  do  not  know  it'  [  have  administered  a  rude 
shock  to  anyone  by  saying  that  500  ft.  per  month 
can  be  done  in  a  drive,  but  considering  that 
360  ft.  have  been  done  in  a  single  end,  and  the 
large  footages  that  have  been  done  in  incline 
shafts,  T  am  of  the  opinion  that  what  I  say  can 
be  done  and  will  be  done  by  those  who  will 
lay  themselves  out  to  do  it. 

Mr.  Weston  is  still  of  the  opinion  that  8  or  10 
machines  cannot  do  good  work  on  one  tare:  well, 
we  must  agree  to  disagree  on  this.  1  have  seen 
six  benches  a  shift  broken  off  half  a  stope  face 
with  good  results,  so  I  fancy  I  have  a  small 
reason  for  thinking  8  or  Id  benches  could  be  got 
from  a  full  face.  There  is  one  thing  that  will 
prevent  this  8  to  10  machines  per  face,  and  that 
is,  to  get  around  to  that  other  suggestion  of  mine 
of  one  machine,  one  man,  full  shift's  drilling,  and 
two  I  hole  benches  per  machine  :  something  will 
have  to  lie  done  to  advance  faces  quicker,  or 
expenses  will  go  up  without  valid  reasons.  1 
cannot  see  that  I  have  a  new  excuse  for  <s  to  10 
machines.  U  I  remember  rightly,  I  said  in 
answering  his  criticism  of  my  "  Notes  on  Mining," 
1908,  that,  "  I  believe  the  time  will  come  when 
it  will  In'  necessary  to  use  large  numbers  of 
machines  on  each  tare,  as  the  laces  will  have  to 
advance  much  (pucker  than  now,  or  they  will  not 
be  kept  open."  Will  Mr.  \\"< ^-.t > >n  kindly  point 
out  where  the  new  excuse  conies  in  1 

Speaking  of  the  accident  at  the  Cinderella 
Deep,  if  the  pillars  had  not  been  left,  hut  a  lew 
packs  put  in,  1  do  not  think  the  accident  would 
have  happened.  There  was  no  such  thing  as  an 
air  blast  :  rock  pressure  was  the  cause,  and  I  here 
was  concussion  of  the  air,  due  to  the  fall.  We 
must  start  with  the  assumption  that  the  rocks 
are  flexible,  also  1  hat  they  will  "  flow  "  or  crumble 
if  subjected  to  a  pressure  greal  enough  ;  this 
pressure,  d  course,  varies  with  the  nature  of  the 
rock.  In  the  Cinderella  the  pillars  were  probably 
large  and  did  not  crush  up,  bul  flaked  as  the\ 
would  have  done  if  they  hail  been  twice  as  large, 
owing  tn  the  nipping  pressure  on  the  edge  of  the 
pillar.  This  no  doubl  OCCUrred  at  the  solid  faces 
also,  hut  to  a  less  extent,  so  as  the  pillars  wmilil 
not  Line  way,  either  the  roof  or  the  floor  or  both 
places  had  to  go,  so  as  to  give  the  relief  necessary 
lor  the  roof  tn  support  itself  .lust  as  in  the 
cases  mentioned  before,  where  timbers  put  in  to 
support  roof  gel  broken  si  ill  the  roof  does  not  fall. 

[n  speaking  on  prop  setting,  I  used  the  term 
11  perpcndimlar  to  dip."  I  note  Mr.  Weston  uses 
"  .  ■(  rtical  to  dip,"  Which  is  right .'  As  1  understand 
it,  vertical  lines    are    gravity    lines   and    therefore 


radial  lines  and  cannot  he  parallel  :  perpendicular 
lines  on  the  other  hand,  may  be  in  any  direction, 
for  instance,  two  lines  with  an  angle  of  90* 
between  them  are  perpendicular  to  each  other. 

Mr.  Weston  speaks  of  preaching  to  deaf  ears.  I 
look  at  it  very  much  in  the  same  light,  but  there 
is  hope  ahead  Are  we  not  beginningto  understand 
that  it  does  not  pay  to  mine  waste  .'  Other  things 
will  come  in  time  if  the  preaching  is  only  kept 
up.  Difficulty  occurs  continually  in  any  effort  to 
point  out  remedies  for  some  conditions  that  exist 
at  present  in  our  mining  work,  and  a  large  part  of 
the  community  show  great  unwillingness  to  admit 
that  a  change  from  present  ways  i>  desirable 
Innovations  are  condemned  without  consideration 
of  their  merits,  simply  because  they  are  innova- 
tions, whilst  changes  in  old  methods  are  res- i - 1 ■  ■■  1 
without  reason  or  judgment.  Still  we  shall 
"  arrive." 

I  must  thank  Mr.  Gascoyne  for  his  contribu- 
tion. He  is  right  in  thinking  I  like  plenty  of 
criticism,  as  I  hold  the  opinion  that  however 
good  a,  paper  may  he,  it  is  not  complete  without 
a  lair  amount  of  criticism.  What  I  have  said 
about  the  condition  of  roofs  and  pillars  is.  to  m\ 
personal  knowledge,  happening  at  the  present 
time,  so  the  remarks  have  to  stand.  I  am  one 
of  those  who  think  that  there  are  cases  where  it 
would  he  better  to  take  out  the  shaft  pillars  aid 
pack  instead  of  leaving  the  pillars  in.  1  once 
had  to  tackle  a  mine  where  the  shaft  pillars  had 
been  so  robbed  that  they  and  the  shaft  bricking. 
were  all  "on  the  crush."  1  had  the  pillars  taki  n 
out,  packs  put  in,  and  where  the  brickwork  was 
crushing,  a  hand  of  brick  work  was  taken  out  and 
re-built  with  wooden  bricks,  which  took  the 
squeeze  splendidly.  What  I  should  do  to  keep 
the  shafts  out  of  danger  at  a  depth  of  10,01 
would  depend  greatly  on  circumstances.  I 
incline  portion  I  should  put  in  the  strongest 
ground  I  could  find  under  the  reef,  and  leave  i  0 
pillars  in  the  stoping  (although  a  shaft  would 
lie  fairly  safe  in  the  hanging  if  the  whole  of  the 
reef  was  taken  out  and  the  places  sand- 
filled,  for  then  the  whole  roof  would  sink 
together  without  breaking  up).  I  should 
keep  awaj  from  anj  -"it  ^^<\  for  that 
would  certainly  (low.  It  may  possiblj  come  '•> 
using  small  parallel  shafts.  As  to  the  vertical 
shafts,  I  should  leave  no  pillars  about,  taking  out 
all  ret  and  line  around  the  shaft  with  timber 
lues  or  packs,  sandfilling  from  I  ehind  as  soon  as 
it  started  t"  squeeze,  which  at  that  depth  would 
he  early,  especiallj  about  the  Main  Reef  Leader 
footwall.  Of  course,  we  are  nol  certain  what 
trouble  we  shall  meet  if  ever  weget  tn  10,000  ft. 

depth.  There  is  a  deal  oi  oXpelience  to  be  got 
before  then,  and  one  can  mii\  assume  what  COD 
ditions     will     he     a  id     bow     t"    deal     with     them, 
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but  there  is  sure  to  be  trouble  with  any  soft  bed 
met  in  depth,  and  round  shafts  would  be  best  in 
my  opinion. 

The  sketches  of  the  coal  drives  would  actually 

serve  for  drives  here,  as  I  should  like  to  drive 
thenij  but  it  is  hard  work  to  get  anyone  to  allow 
innovations.  They  must  have  boxes  on  the 
drives  where  they  are  an  abomination.  I  showed 
my  sketches  with  the  roof  cut,  as  1  should  want 
the  cars  to  follow  the  breast  lace  ;  they  would 
therefore  have  to  go  under  the  roof,  tin- root'  and 
pack  following  the  breast  some  distance  back, 
not  shown  plainly  in  sketch. 

There  is  one  system  of  mining  which  might  he 
suitable  for  those  who  do  not  like  the  idea  of  stop 
ing  straighl  ahead,  and  that  is  a  kind  of  panel 
system  or  alternate  stopes.  In  this,  stoping  would 
start  in  each  alternate  winze,  and  half  of  each  block 
is  taken  out,  then  the  stopes  are  cleaned  out  and 
tilled  with  sand.  In  the  meantime,  stoping  would 
commence  in  the  other  winzes  and  the  blocks 
of  ground  be  finished,  these  stopes  would  then  be 
cleaned  out  and  filled  with  sand.  The  first 
Mocks  left  forms  piers  or  pillars  whilst  the  others 
are  extracted, 'then  the  sand-tilled  area  supports 
the  roof  whilst  the  remainder   of    the   blocks    are 

extracted.      As  Mr.  Gascoyne   points   out.  | pic 

are  apt  to  take  too  narrow  a  view  of  this  matter 
of  handling  roof.  They  have  their  ideas  fixed  on 
the  immediate  roof.  They  ought  to  think  a  little 
of  that  part  which  is  out  of  sight. 

-Mr.  Ooombe  starts  off  with  a  wrong  assump- 
tion and  consequently  his  remarks  lose  some  of 
their  force.  I  never  mentioned  anything  about 
a  combined  heading  or  stope.  What  1  intended, 
and  what  1  thought  1  made  plain,  was  that  the 
drive  should  be  driven  25  it  to  30  ft.  wide  on 
the  reef,  the  whole  face  being  advanced  at  once. 
It  ^cems  to  me  that  most  of  my  critics  miss  the 
point  that  breast  driving  is  no  different  than 
a  shaft  of  the  same  width,  but  with  the  advantage 
of  being  able  to  yet  the  rock  from  the  face  much 
quicker  that  in  any  other  shaft,  allowing  mucking 
and  drilling  to  be  carried  on  at  the  same  time. 

To  hear  people  talk  of  the  difficulty  of  shifting 
rock  would  almost  make  ■  •:  e  believe  that  we  had 
got  to  the  end  of  our  tether  in  this  direction  \ 
do  not  believe  so  as  far  greater  quantities  than 
those  mentioned  have  been  cleared  out  of  incline 
sinkings.  We  all  know  that  at  the  present 
moment  things  are  being  done  in  our  mines  that 
were  not  thought  possible  a  few  years  ago,  and 
we  have  not  reached  finalitj  even  in  clearing 
drives  of  rock.  I  have  before  now  had  the  terms 
ridiculous,  absurd,  etc..  applied  to  my  suggestions, 
but  still  1  find  those  same  suggestions  adopted 
as  J  shall  find  some  of  these  about  driving.    If  .Mr. 

C ube  had   as   much    knowledge   as    the    writer, 

of  what  is  and  can  be  done  in  packing  drives,  etc., 


he  would  alter  his  opinion  about  the  ridiculous- 
ness of  the  idea.  As  he  knows,  1  always  bold 
that  we  should  be  able  to  do,  what  others,  with 
no  better  conditions  than  ourselves  can  do. 

Above    I     have    meivioned    the    word     "flow" 
with  regard   to    rock    movement.      Whether    this 
term    is    correct  or  nut  1  think   it    explains    best 
what  f   mean.       In     collieries    we    have    what    is 
called    "creep."    with    which     I    know    several   of 
our   members    are    familiar.        It    is 
lifting    of    the    floor,   and    in   the   main   roads    of 
some  mines  the  floor  is  removed    time   and    i 
and    it  still  keeps  lifting.     Where 
from1?      The    pressure    of    the    roof  transmitted 
through  the  pil'ars  to  the  floor  is  the  cause,  and 
1  say  the  floor  "  flows  "  to  the  open   spaces 
rises  there.      Something  of  the  sort    happened   at 
the    Cinderella    Deep  causing  the  drive  floor    to 
rise.     The  Cinderella  Deep  is  not   the  first   min  • 
on  the  Hand  in  which  the  drive  floors  have  lifted. 
I   have  seen    it    twice    here    before,    but    a    more 
gradual  lift. 

In  conclusion,  I  must  thank  those  gentlemen 
who  have  come  forward  with  contributions.  1 
had  hoped  there  would  have  been  more,  but  our 
mining  members  are  very  apathetic.  There  is 
too  much  of  the  idea  that  what  is  no1  (lone  on 
the  Rand  in  mining  is  not  necessary.  There  re 
many  things  to  be  learnt  from  other  parts,  and 
much  to  be  learnt  from  one  another,  even  here  on 
these  goldfields,  to  our  own  and  the  industry's 
gain. 


THE    TUBE-MILL  CIRCUIT  AND  CLASS  I 
FICATIOX.  • 


[Read  at    February  Meeting,  1909.) 
By  G.  ( ).  Smart  (Member  of  Council). 

DISCUSSION. 

IVlr.   J.    E.   Thomas    (Member   >>j    Com 
Mr.  Smart's  valuable  paper  on  Tube  Mill    Circuit, 
and  Classification  is  of  great   importance  at  this 
time  when  the  tendency  of  modern  practice  is  to 
throw     more     work    on    the   tube    mills   thai 
hitherto  been  the  case. 

The  Sunnier  Deep-Jupiter  joint  plant  has  beer 
equipped  with  similar  cones  to  those  used  by  the 
author  at  the  Simmer  and  -lack  Proprietary  Mines, 
and  are  run  in  practically  the  same  manner  as 
described  by  him.  the  only  differences  being  in 
details  of  fittings,  etc.  Instead  <^\'  using  the  cut- 
off" gate  illustrated  in  the  paper,  the  writer  pi 
a  nozzle  fitted  with  Liners  and  attached  to  the 
flange  at  the  bottom  of  the  cone.  The  lower 
pari  of  this  attachment  is  connected  to  the  upper 
by  means  of  a  bayonet  joint  similar  to  that    e 
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in  electric  fittings.  The  nozzle  can  be  easily 
detached  without  stopping  the  underflow  of  pulp 
and  fresh  liners  of  the  desired  size  slipped  into 
place,  the  nozzle  then  being  replaced  without  any 
difficulty.     (Fig.  I.)     The  size  of  liner  to  be  used 


A 


F 


i'H..  i. 

A.   Main  Casting  to  Bolt  to  Cone.      B.    Upper  Liner. 

i'.   Lower  Liner.     I>.   Recess  for  Packing.     E.  Pins 

or  Bayonet  Joint.     F.  Lower  Casting. 

is  determined  by  the  foreman  in  charge  of  the 
plant,  who  can  thus  regulate  affairs  better  than 
when  the  underflow  is  liable  to  be  altered  by  the 
shiftsmen  neglecting  to  sec  that  the  gate  is  set 
exactly  as  before,  after  occasion  has  arisen  to 
open  or  shut  it.  Mr.  Bayly's  device  also  obviates 
i  ilarities  arising  from  this  cause.  Aspointed 
mi  li\  the  author  the  distribution  of  the  pulp,  so 
that  each  cone  does  its  fair  share  of  work,  is  of 
the  utmost  importance.  The  device  usually 
employed  consists  of  a  launder  with  iron  gates  to 

divert     porth f   the    stream    to   each    classifier. 

Aiter  a  very  short  time  indeed  .-and  will  find  its 
w.\\  between  the  gate  and  the  bottom  of  the 
launder,  thus  forming  an  unauthorised  concen 
brator,  and  difficulty  is  experienced  in  getting  the 
gate  in  phut  tightly.  An  arrangi  n.ent  by  which 
pulp  is  delivered  to  a  central  box,  from  which  it 
may    lie   distributed  to  each  cone  by  means  of 

separate  pipes,    will    he    found    to   give    better    h 

suits.  The  pulp  should  flow  from  the  box  into 
separate  pockets,  tbe  inlets  being  at  the  same 
l<  vel,  from  which  the  pipes  to  the  cones  are  li  d. 
The  pockets  allow  of  the  pulp  standing  al  vari<  us 
leads  "  according  to  the  amounl  of  pipe  friction, 
without  interferring  with  the  main  distribution. 
Bach  cone  of  a  set  should  be  as  nearly  as  possible 
under  the  same  conditions  as  the  others.  Care 
should  therefore  be  taki  n  that  the  velocitj  of  the 


inflowing  pulp  be  even.  This  may  be  accom- 
plished by  running  the  pulp  into  a  short  launder 
over  the  cones  and  carrying  the  inflow  pipe.  The 
bottom  of  the  launder  should  be  only  a  few  inches 
above  the  overflow  level  of  the  cone.  A  sleeve 
placed  round  the  inflow  pipe,  about  16  in.  to  18  in. 
larger  in  diameter  and  dipping  into  the  pulp  from 
(i  in.  to  1 1'  in.,  will  collect  most  of  the  airbubbles 
formed  at  the  inflow  and  allow  the  air  to  escai  e. 
These  bubbles  otherwise  have  a  tendency  to  carry 
coarse  particles  over  the  periphery  of  the  cone. 
(Fig.    II.)     The  author  attributes  the  exc< 


Flo.    II. 

A.    Main    Inflow    Pipe    or    Launder.      P.   Lau 
carrying  submerged    Pillow    Pipe   and    Air  Sleeve. 
C.    Submerged    Inflow    Pipe.      I'.   Aii    Sleeve.      I. 
Baffle.     P.    Bayonet-Jointed  Nozzle.     II.    Distribut- 
ing piece. 

moisture  over  that  required  to  till  the  inter- 
stitial spaces  in  the  over  flov  i"  filtering,  but  as 
this  would  be  more  rapid  with  coarse  than  fine 
mati  i  ial,  it  hardly  accounts  for  t hi'  former  carry- 
ing less  moisture  than  the  latter  In  order  to 
insure  that  as  little  coarse  sand  as  possible  over- 
flows with  the  pulp  going  to  the  cyanide  WOlk.", 
it  might  be  advisable  to  instal  return  sand  cones 
in  much  the  same  manner  as  those  employed  to 
prevent  sand  overflowing   with   the   pulp  to 

slime    plant.     The  maintenan f  an  adequate 

feed  of  the  pebbles  to  each  tube  mill    is   a  matter 
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of  very  great  importance,  so  that  the  pebble  load 
may  be  kept  up  to  its  maximum,  i.e.,  a  few 
inches  above  the  centre  of  the  mill  when  at  rest. 
It  has  recently  been  demonstrated  that  the 
grinding  efficiency  falls  oft"  about  2  per  cent,  for 
every  hour  that  no  pebbles  are  fed  in.  In  order 
to  facilitate  the  feeding  of  pebbles,  the  writer  has 
recently  brought  forward  the  device  shown  in 
Fig.    III.    for    use    in   conjunction   with   Pryce's 

Sect/on  th/pcugm  A  3  S/OE  £le\vAT/OM 

t~~7 


^/aqed  C/iure 


Pebble  Fecd  Hoppek  ro&  Tuee  Mill 


feeder.  This  consists  of  a  hopper,  with  a  chute 
at  its  lower  extremity  so  arranged  as  to  allow 
of  pebbles,  or  pieces  of  ore,  dropping  into  the 
inlet  of  the  spiral  feeder  on  its  coming  vertically 
below  the  chute.  The  latter  is  hinged  so  that  in 
the  event  of  a  pebble  jambing  in  tbe  inlet  of  the 
spiral  and  coming  round  under  the  chute  it  will 
allow  the  pebble  to  pass  -without  doing  any 
damage.  The  chute  is  also  provided  with  a  cover 
working  on  a  hinge.  This  serves  to  prevent 
pieces  of  ere,  of  the  proper  size  to  pass  through 
tbe  spiral,  being  carried  over  the  periphery  of  the 
spiral  feeder,  and  at  the  same  time  allows  of 
pieces,  which  are  too  large  to  enter  the  spiral, 
being  carried  over  and  automatically  thrown  off 
on  the  side  opposite  the  chute.  The  device  is 
also  suitable  for  use  in  conjunction  with  a  conveyor 
belt  from  which  the  pebbles  could  be  diverted 
in  to  the  hopper  by  means  of  a  plough  The 
wear  on  the  spiral  feeder  is  considerably  less  than 
when  fed  by  hand,  and  it  could  be  still  further 
reduced  by  placing  a  wearing  ring  round  its 
periphery.  The  moisture  given  by  the  author, 
viz.,  38  per  cent,  for  the  pulp  entering  the  tube 
mill,  is  in  the  writer's  opinion,  somewhat  too  low, 
he  having  found  that  40  per  cent,  or  a  little  over, 
gives  better  i-esults. 

REPLY    To    DISCUSSION. 

Mr.  G.  0.  Smart  (Member  of  Council):  In 
replying  to  the  discussion  upon  my  paper,  I 
would  in  the  first  place  confirm  after  personal 
observation,  the  advantages  claimed  tor  Mr. 
Schmitt's  pebble  and  pulp  feeder  for  tube-mills, 
whereby  the  apex  of  the  rone  may  be  below  the 
tube-mill  axis  where  tall  is     mited,  as  i^  liable  to 


be  the  case  in  additions  to  an  existing  plant. 
This  device  renders  possible  the  installation  of 
one  or  more  tube-mills  without  extensive  altera 
tions  to  existing  return  launders  and  elevating 
plant,  which  would  involve  higher  constructional 
and  operating  costs.  In  addition,  this  feeder 
spill>  very  little  of  the  inflow  pulp,  and  thus 
enables  the  plant  to  be  kept  clean  with  less 
labour  than  is  generally  necessary.  The  curve  of 
the  spiral  in  Fig.  III.  appears  rather  sharp,  and 
a  longer  and  easier  spiral  should  be  better  for  a 
feeder  of  large  diameter. 

With  regard  to  the  underflow  liner  advocated 
by  Mr.  J.  E.  Thomas,  it  may  be  pointed  out  that 
in  the  arrangement  described  by  the  author  a 
nozzle  of  the  desired  size  is  en  ployed  to  regulate 
the  underflow,  the  gate  being  merely  used  under 
special  conditions,  and  especially  to  cut  off  the 
underflow  entirely  when  not  required,  as  when 
relining  a  tube-mill.  Although  not  shown  in 
Fig.  II.  in  the  paper,  the  sleeve  round  the  in  How- 
pipe  mentioned  by  Mr.  Thomas  is  certainly  a  good 
device  and  has  been  employed  by  the  author  for 
a  considerable  period.  Regarding  the  lower 
percentage  of  moisture  in  a  coarse  underflow,  the 
fact  that  such  coarse  product  occupies  fewer  cubic- 
feet  to  the  ton  than  a  finer  product,  shows  the 
interstitial  spaces  to  be  less  in  the  former  case, 
and  hence  the  percentage  of  moisture  in  such 
coarse  pulp  is  lower.  A  recent  series  of  tests, 
carefully  carried  out  by  the  author,  showed  .">'.) 
of  moisture  to  yield  the  best  average  results  with 
a  large  tonnage  of  sand  feed,  although  with  a 
small  tonnage  of  sand  feed  the  best  results  were 
obtained  with  27%  of  moisture,  which  is  about 
the  lowest  percentage  of  moisture  obtainable  with 
diaphragm  cones  or  any  other  dewaterer  known 
to  the  author.  Whilst  the  suggested  safe-guard 
of  return  sand  cones  to  intercept  any  coarse  sand 
accidentally  overflowing  the  tube-mill  classifiers 
might  be  employed,  yet  it  is  doubtful  whether 
the  extra  capital  and  elevating  cost  involved  by 
the  addition  suggested  would  be  repaid  by  the 
slight  advantage  gained,  especially  since  a  final 
cyanide  pulp  of  the  desired  fineness  can  be 
obtained  from  the  single  classifier. 

I  have  seen  the  simple  and  ingenious  pebble 
feedei  described  by  Mr.  Thomas,  and  understand 
that  it  is  being  further  developed  and  improved, 
and  it  is  to  be  hoped  that  before  long  he  will 
describe  the  final  form  of  this  useful  device,  for 
the  beiK  lit  of  the  members  of  our  Society,  and 
that  he  will  also  afford  them  the  opportunity  of 
seeing  it  in  operation. 

.Mr.  Bayly'sform  of  underflow-  cut-off  gate  with 

means  provided  tor  changing  the  underflow 
nozzle  without  discharging  the  contents  of  the 
cone,  answers  the  purpose  satisfactorily,  and  this 
advantage    has    already  resulted    in    its  adoption. 
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extending  beyond  the  Knights  Deep  where  it  was 
originally  installed. 

Mr.  Blundun  raises  a  very  interesting  point  by 
his  advocacy  of  obtaining  a  finished  product  by 
a  single  passage  of  the  sand  through  the  tube 
mill.  Unfortunately  this  system  involves  tin- 
reduction  of  many  fine  sand  grains  beyond  the 
economic  limit  at  the  expense  of  sending  coarse 
particles  of  ore  to  the  cyanide  works.  Experience 
has  shown  that  the  coarser  the  average  particles 
up  to  0-27  in.*  diameter  in  a  tube-mill,  the  more 
fine  sand  is  produced,  and  the  coarser  the  outflow, 
the  coarser  must  be  the  average  sand  particle  in 
the  tube  mill.  As  a  trial  will  show,  the  operation 
of  a  tube-mill  plant  to  produce  a  finished  product 
in  one  passage  through  the  tube-mills  will  result 
in  a  coarser  final  pulp  than  if  a  larger  proportion 
of  the  tube-mill  outflow  is  returned  for  further 
crushing  after  reclassification. 

It  is  difficult  to  ascertain  Mr.  Robertson's  fina' 

conclusions  as  to  the  relative  merits  of  the  old 
and  new  system  of  classification,  but  a  recent 
change  at  the  Knights  Deep  to  the  new  system 
has  resulted  in  much  better  work.  Whilst  the 
principle  of  double  classification  referred  to  with 
interesting  details  by  Mr.  Robertson  may  be  con 
venient  with  diaphragm  cones  in  a  crushing  plant 
erected  before  tube-mills  were  introduced,  yet  the 
extra  elevation  of  pulp  it  involves  is  unnecessary 
when  satisfactory  results  can  be  obtained  by  single 
classification  with  diaphragm  cor.es.  In  the  case 
cited  where  two  out  of  six  tube  mills  are  stopped, 
this  decrease  in  crushing  units  results  in  an  in 
creased  volume  of  coarse  pulp  entering  the  remain- 
ing diaphragm  classifiers,  which  ensures  acoarser 
outflow  and  likewise  a  coarser  feed  to  the  four 
tube-mills  still  running,  and  thus  their  crush- 
ing capacity  is  utilised  to  the  fullest,  extent 
possible. 

Mr.  F.  Alexander's  contribution  is  welcome  for 
the  definite  information  given,  and  the  proposals 
set  forth,  but  he  has  overlooked  various  important 
considerations  which  materially  affect  both  his 
reasoning  and  conclusions.  In  the  first  place, 
whilst  the  pyrite  in  sand  residues  is  richer  per 
ton  than  the  silicious  portion,  yet  Mi-.  Alexander's 
own  grading  analysis  as  arranged  below  shows 
that  :  — 

(<t)  The  coarse  +  60  grade  contain.-  the  mosl 
gold  and  the  least  pyrite  pel   ton. 

('>)  The  fine  -  90  grade  contains  tin,'  least  gold 
and  mosl   pyriti    per  ton. 

(r)  The  ratio  of  gold  to  pyrite  differs  very 
widely  in  the  different  grades. 


"  W.  A.  Caldecott,  "I'll.-  Developi i  ol   Hi  ai  \   Gra> 
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Total  Sand 

1. 

ESIDl  B. 

Grade. 

Per  cent. 
in    Weight 
in  Residue. 

\"ii\  Value 

dwt. 

per  ton. 

Per  cent. 

ol 
Pyrite. 

i>ui    G  Id 
for  l  . 
Pj  rite. 

+  60 
+  90 
-90 

L0-3 
30-0 
59-7 

0  84 

0  70 
i)  66 

0-7 
2  0 

1  si 

1-20 
0-35 
0136 

Hence  with  Crown  Reef  ore  there  is  obviously 
more  scope  for  winning  gold  by  finer  crushing  of 
the  coarse  (  +  60)  particles  containing  very  little 
(0'7%)  pyrite,  than  by  reducing  still  finer  the 
already  fine  (  -  90)  particles  containing  seven 
times  as  much  pyrite.  The  grading  analysis 
further  shows  that  only  20%  of  the  total  gold  in 
the  residue  could  be  separated  by  careful  removal 
of  all  the  pyrite  possible  by  panning.  The 
average  assay  value  of  the  whole  +90  pyrite  in 
the  residue  is  actually  less  than  the  average  value 
of  the  90  pyrite,  and  even  if  the  whole  of  the 
gold  contained  in  the  former  were  extracted,  this 
would  only  reduce  the  total  residue  by  3-5%,  or 
little  more  than  half  a  grain  per  ton.  From  this 
it  is  apparent  that  in  the  design  and  operation  of 
a  tube-mill  plant  too  much  relative  importance 
may  be  attached  to  the  question  <>(  +90  pyrite. 

Similar  results  to  the  foregoing  bave  been 
obtained  by  investigation  on  various  mines  here,* 
and  the  following  are  the  results  of  examination 
of  a  Simmer  and  Jack  sand  residue  :  — 


Total  Sand  Residi  e. 


Grade. 

Per  cent.       i     \^.i>   Value 
by  Weight,      j    dwt.  per  ton. 

Percentage  of 
Gold. 

+  60 
+  90 
-90 

22-0 
306 

17-1 

056 

O--I0 
0-20 

36'2 

:;.vi 
28-4 

100  0 

0-34 

100  0 

It  will  be  observed  thai  the  assay  value  of  the 
- 90  grade  in  the  Crown  Mines  sand  residue  is 
relatively  high  in  :omparison  with  the  +90 
grade.  This  is  probably  due  to  the  high  percent- 
age I  I-'!  _  )  of  very  line  particles  (  -  200)  in  the 
residue,  which  retards  effective  dissolving  and 
leaching  out  of  the  gold  :  if  the  charge  had  con- 
tained    less    slime,    the    value    uf    the    linei 

particles  should  have  been  lower  and  the  amount 
uf  gold  still  less  in  proportion  to  the  pyrite 
present. 

from  the  Simmer  ami  Jack  lesidue  it    will  be 
seen  thai  the  coarser  <  :  90)  portion   constit 
52"6       by    weight    of    the  whole  but   contained 
71  "6     of  the  total  gold  pres<  nt.  whcrea9  the  finer 
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(  -  90)  portion,  47-4%  l>y  weight,  contained  2S"4°0 
of  the  total  gold.  It  is,  therefore,  obvious  that 
the  coarser  richer  particles  will  repay  finer  crush- 
ing better  than  the  finer  poorer  portion,  even 
though  the  latter  is  much  more  pyritic.  ('Iran 
pyrite  would  do  doubt  repay  extremely  fine 
crushing  were  it  possible  to  separate  this  material 
from  the  tailing-pulp  at  a  low  cost.  The  large 
amount  of  money  spent  in  the  past  on  close  con- 
centration by  means  of  vanners  or  Wiliiey  tables 
here,  and  the  fact  that  they  have  invariably  been 
discarded,  shows  that  such  close  concentration 
has  proved  unprofitable.  Whilst  Mr.  Alexander 
does  not  propose  to  employ  vanners,  his  suggested 
arrangement  of  hydraulic  classifiers  is  avowedly 
intended  to  effed  a  similar  result  in  separation  of 
fine  pyrite.  Universal  experience  has  shown 
that  no  hydraulic  classifier  can  separate  pyrite  as 
perfectly  as  a  \  aimer,  owing  to  the  overflowing 
particles  of  the  former  being  determined  by  their 
size  as  well  as  by  their  specific  gravity.  Hence 
the  sand  overflow  of  the  first  square  classifier  in 
the  Crown  Mines  diagram  will  carry  away  fine 
pyrite  without  its  having  passed  through  a  tube- 
mill. 

When  laving  stress  upon  the  difficult)  of 
classifying  a  "raging  torrent  "  of  pulp  from  300 
stamps,  Mr.  Alexander  apparently  lost  sight  of 
the  fact  that  the  settling  area  of  the  classifiers 
merely  requires  to  be  proportionately  increased 
to  obtain  the  same  result  as  with  the  "  placid 
stream"  from  30  stamps.  With  single  cone  classi- 
fiers the  number  of  tube-mills  and  cones  increases 
in  proportion  to  the  coarseness  of  the  battery 
screening,  and  hence  when  the  limit  of  amalga- 
mation in  the  stamp-mill  is  reached,  the  classifier 
settling  area  for  seeming  separation  of  metallic 
gold  becomes  proportionately  larger,  and  in  the 
case  of  a  300  stamp-mill  with  coarse  crushing 
would  amount  to  several  hundred  square  feet. 

The  diagram  does  not  give  dimensions  of  the 
square  classifiers  shown,  but  assuming  that  no 
particles  above  a  certain  desired  size  can  overflow 
the  first,  it  is  difficult  to  see  the  reason  why  the 
second  square  classifier,  whose  operation  is 
governed  by  the  same  laws,  is  net  installed  beside 
it,  and  the  two  employed  to  handle  the  mixed 
tailing  and  tube  mill  return  pulp,  since  if  the 
joint  classifiers  are  proportional  to  the  total 
volume  of  pulp,  particles  above  the  desired  size 
will  circulate  through  the  tube  mill  until  crushed 
fine  enough  to  overflow. 

As  already  shown,  Mr.  Alexander's  figures 
prove  the  coarsest  and  most  silicious  particles  in 
the  residue  to  lie  the  richest  ;  hence  the  reason  is 
n<  it  apparent  for  tine  crushing  a  portion  of  the  tail- 
ing-pulp with  a  second  tube-mill  whilst  coarser 
richer  particles  are  escaping  from  the  crushing 
plant  in  the  overflow  of  the  first  square  classifier. 


In  addition,  the  two-fold  loss  of  fall  in  the  opera- 
tion of  double  classification  and  tube-milling 
shown  in  the  diagram  involves  additional  capital 
and  elevating  costs,  and  the  number  of  classifiers 
and  pumps  increases  the  cost  of  attendance  ami 
maintenance,  whilst  the  second  tube-mill  will  not 
be  supplied  with  the  coarse  particles  whose 
presence  so  much  assists  in  good  tube-milling. 

In  single  cone  classification  of  a  mixed  pulp  all 
the  operating  classifiers  automatically  adjust 
themselves  to  variations  of  the  tonnage  milled 
and  volume  of  the  tube-mill  return  pulp,  but 
with  two  stage  tube-milling,  as  illustrated  in  the 
diagram,  the  tonnage  of  sand  fed  to  the  first 
stage  tube-mills  must  be  regulated  by  the  number 
of  second  stage  tube-mills  in  operation  at  different 
times,  in  order  to  secure  the  desired  fine  overflow 
of  the  second  stage  square  classifiers.  Should  one 
of  the  second  stage  tube-mills  be  out  of  commis- 
sion, this  may  result  in  too  small  a  feed  to  the 
first  stage  tube-mills  to  permit  of  good  work. 

The  following  is  a  useful  formula  for  determin- 
ing the  tonnage  of  sand  fed  to  a  tube-mill,  assum- 
ing that  clear  water  from  a  steady  head  tank  be 
used  for  diluting  the  pulp  entering  the  tube-mill, 
and  that  by  removal  of  the  pebbles  catcher  or 
otherwise  an  accurate  sample  of  the  tube-mill 
outflow  is  obtained  : — 
WxUxO 

S=100  (U-O) 

Where   S^tons  of  sand  feed  per  24  hour-. 

W  ^  tons  of  water  added  for  dilution  per 

24  hours. 
I'  =  percentage  of  solids  in   cone  under- 
flow. 
0  =  percentage    of    solids    in    tube-mill 
outflow. 
As  a   slight   error   in  the  moisture  determina- 
tions involved  will  seriously  affect  the  calculated 
tonnage  of  solids,  the  greatest    care  in   sampling 
and    treatment    of   samples    must    be   observed  to 
obtain  accurate  results. 

As  regards  the  ratio  of  water  to  solids  for 
amalgamation  in  the  tube-mill  circuit,  this  may 
be  varied  as  desired  w  it  h  single  cone  classification, 
and  my  own  practice  is  to  employ  a  ratio  of  ui  der 
2  to  1  for  the  pulp  passing  over  the  shaking  tables. 
Where  line  screening  is  used  in  the  mill  and  a 
large  tonnage  of  -and  U-vA  to  the  tube-mills  is 
desired,  1  have  found  advisable  the  use  of  two 
diaphragms  in  a  !>  ft.  x  (i  ft.  cone.  These 
diaphragms  are  respectively  II  in.  and  3.',  in.  in 
diameter,  allowing  an  annular  space  8|  in.  wide 
between  the  edge  of  the  upper  diaphragm  and 
the  side  of  the  cone,  ami  a  space  5  in.  wide 
around  the  lower  diaphragm.  The  upper 
diaphragm  is  5  ft.  5  in.  from  the  top  of  the  cone 
ami  the  lower  diaphragm  1  ft.  3  in.  above  the 
apex  of  the  cone. 
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ENDLESS   POPE  BAULAGE. 


[Read  at    December  Meeting,   1909.) 


this  friction  i>  done  away  with,  but  such  an 
arrangemonl  is  inconvenient  in  working  a  truck 
around  a  curve. 


By    H.   G.   Kay  (Associate). 


REPLY   TO   DISCUSSION. 

Mr.  H  G.  Kay  (Associate)  :  In  the  discussion 
on  the  above  paper  which  appears  in  the  January 
Journal,  Mr.  Tom  Johnson  differs  from  my  re- 
marks on  "Curve  Wheels''  by  stating  that  "a 
deflection  of  90  or  more  can  be  accomplished 
with  little  difficulty,"  this  could  only  be 
■  possible  in  a  case  where  the  trucks  are  hooked 
wide  and  the  rope  is  travelling  slowly,  and 
is  not  subject  to  a  great  strain  at  the  curve 
wheel,  such  as  would  be  the  case  on  an  up 
grade  or  steep  incline.  A  90°  deflection  wheel, 
together  witli  a  flatsheet  would  prove  a  very  un- 
desirable arrangement  on  a  haulage  where  any 
considerable  number  of  trucks  are  to  be  handled. 
As  the  angle  of  deflection  at  a  curve  wheel  is  in- 
creased SO  you  increase  the  amount  of  wear  and 
tear  on  the  rope,  jockey  and  wheel,  and  also  the 
wheel  friction.  These  items  all  mean  extra  ex- 
pense, and  by  experience  I  find  that  if  an  angle  of 
over  30°  is  to  be  negotiated  it  is  cheaper, 
especially  on  a  heavy  and  fast  haulage,  to  dis- 
engage the  trucks  as  they  approach  the  wheel, 
gravitate  them  around  the  curve  and  rehook. 
If  Mr.  Johnson  means  that  an  endless  rope 
haulage  with  the  usual  type  of  truck  and  jockey 
can  be  used  on  a  45  incline  I  entirely  disagree 
with  him.  Such  a  grade  would  require  a  specially 
constructed  truck  with  a  lone  wheel  base,  low 
centre  of  gravity  and  a  cover  to  prevent  spillage. 
In  stating  that  a  grade  of  I  in  6   was  about  the 

limit,  1  had  in  mind  the  common  t\| f   truck 

as  used  on  the  Hand,  having  usually  a  small 
wheel  base  and  high  centre  of  gravity,  and 
with  the  jockey  attached  to  the  top  of  the  body 
they  become  very  unstable  on  a'steep  incline 
in  the  February  Journal  Mr.  Webb  calls 
attention  to  the  facl  that  with  a  rope  haulage  in 
!  'Ii  the  jockey  isattached  to  the  truck  carriage, 
a  stoppage  occurring  on  the  full  track  also 
necessitates  a  sto]  page  on  theemptj  track.  This 
would  lie  the  case  in  anj  rope  haulage  where  the 
same  rope  works  l.oth  tracks,  but  the  trouble  can 
be  overcome  by  using  two  separate  ropes,  each 
worked  by  an  independent  clutch  on  the  engine 
shaft.  With  the  side  jockey  attachment  Mr. 
Webb  is  quite  correct  in  saying  that  the  flange 
friction  on  the  wheels  is  an  objection,  this 
friction  is  a  small  item  on   a    level   track   but  on 

a    steep    incline    it     bee -    a    serious    item,    by 

using  two  jockeys,  one  attached    ;it    each   end  ol 
the  side  of  the  truck  carriage,  a  large  amount   <>f 


cpadixc  analyses  axu  their 

APPLICATION. 


(Hen,/  at   Map  Meeting,  1910.) 
Rv   H.  Stadler  (Associate). 


DISCUSSION 

Mr.  R  G.  BevingTon  (Past-President):  As 
a  preface  to  a  few  remarks  upon  Mr.  Stadler's 
paper,  1  should  like  to  say  that  I  consider  that 
the  author  has  placed  before  our  Society  one  of 
the  most  valuable  papers  upon  a  method  of 
estimating  the  work  done  ■•  mechanically,"  in 
reducing  particles  of  ore  from  one  size  to  a 
smaller  one,  which  has  been  laid  beforea  technical 
society. 

As  a  portion  oi  the  work  from  which  the 
author  has  been  able  to  gather  information  and 
to  verify  his  various  formula-  has  been  carried 
out  upon  a  plant  under  my  control  1  have  taken 
a  great  interest  in  his  investigations. 

Passing  to  par.  26  of  the  author's  paper,  it 
appears  to  me  that  it  is  difficult  to  apply  1'rof. 
Kick's  law  in  its  entirety  to  the  material  upon 
which  we  here  have  to  work.  The  nature  of  our 
ore  is  a  conglomerate  composed  of  substances  of 
different  degrees  ot  hardness  and  having  different 
and  unequal  "techi  ological  states."  Were  one  deal 
ing  with  substances  such  as  pure  quartz  <>r  some 
homogeneous  substance  SUch  as  plate  glass  for  in 
stance,  then  Kick's  law  might  apply  in  its  entirety. 
1  think,  however,  that  for  practical  purposes,  and 
that  is  what  we  workers  want,  the  author's 
formula}  and  deductions  form  an  excellent  basis 
for  us  to  go  upon.  Passing  on  now  to  par.  2S, 
the  possibility  of  expressing  the  value  of  pulps  in 
one  term  is  undoubtedly  of  very  great  value. 
The  time  occupied  in  thus  condensing  the  value 
of  a  pulp  is  small  and  comparisons  are  easy,  and 
one  is  thereby  enabled  to  keep  a  watch  over  the 
work  which  is  being  done  by  the  crushing  or 
grinding  plants,  and  I  can  only  say  that  I  have 
derived  great  assistance  iii  m\  work  from  the 
use  of  the  author's  formula'  for  reducing  the 
percentages  of  gradings  of  pulp  t<>  one  unit,  so  to 
say,  for  purposes  of  comparison. 

1  quite  agree  with  Mr.  White  when  in 
the  course  of  his  remarks  in  proposing  a  vote 
of  thank-  t"  the  author,  lie  conveys  that 
sufficient  credit  is  not  given  to  the  tube  mill  for 
the  work  which  it  actually  does  in  further  reduc 
ing  the  particles  which  the  battery  discriminates 
against.  A-  I  have  before  mentioned,  our  ore  is 
a  conglomerate,  and  the  entire  credit  must  not  be 
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given  to  the  stamps  for  producing  by  their  power- 
ful action  all  of  what  we  term  -  90  grade,  as  I 
take  it  that  Mr.  White  will  agree  with  me,  some 
portion  of  the  conglomerate  is  already  of  -  90 
grade  before  it  comes  to  the  stamps  at  all.  I 
think  the  tube  mill  is  called  upon  to  perform  a 
very  hard  work  in  that  it  has  to  deal  with  the 
reducing  of  the  hardest  portions  of  our  ore,  and 
of  pyrites  which,  (I  think,  all  who  have  had  to 
deal  with  the  reducing  of  this  material  from  one 
size  to  another  will  agree)  is  a  very  difficult  sub- 
stance to  reduce,  from  one  grade  to  a  finer  ODe, 
that  is  the  only  point  upon  which  1  think  the 
author's  paper  does  not  give  due  credit  to  the 
fine  grinding  machine,  the  tube  mill. 

Mr.  A.  J.  R.  Atkin  (Member)  :  This  contri- 
bution to  the  discussion  is  really  an  amplification 
of  the  remarks  by  Mr.  E.  H.  Johnson  and  Mr. 
H.  A.  White. 

The  researches  by  Mr.  Stadler  into  the  mecha- 
nical energy  required  to  crush  banket  are 
apparently  based  on  a  solid  foundation  when 
reared  upon  the  law  that  bears  the  name  of  Prof. 
Kick,  which  postulates  bodies  of  equal  technolo- 
gical state  for  its  truth.  That  this  foundation  is 
really  as  sound  as  it  appears,  I  would  like  the 
assurance  of  the  author,  after  considering  the 
following  brief  description  of  the  material  to 
which  he  applies  Kick's  law.  It  appears  fallacious 
to  apply  any  figures  deduced  from  tie  behaviour 
of  homogeneous  bodies,  to  one  whose  texture 
displays  the  greatest  diversity,  carrying  as  it, 
does  minerals  from  the  softest  in  Mohs  scale  to 
the  very  hardest  and  most  resistant  remains  of 
continental  denudation. 

The  more  fully  to  emphasise  the  difference 
between  the  banket  and  a  rock  to  which  this  law 
might  more  fully  apply,  I  will  show  you  a  couple 
of  lantern  slides  prepared  from  sections  of  the 
rocks  cut  for  petrological  examination. 

The  first  is  a  slide  from  quartzite.  it  will  be 
noticed  that  the  rock  is  very  compact  and  that 
the  original  grains  are  all  recrystalised,  the  orien- 
tation of  the  cementing  silica  being  in  optical 
continuity  with  the  silica  on  to  which  it  grew.  The 
rock  is  practically  one  mass  of  silica.  To  this  silica 
aggregate,  if  to  any  rock  can  Kick's  law  lie  applied. 

The  next  slide  is  from  a  section  of  banket, 
and  shows  some  of  the  many  minerals  that  go  to 
make  up  this  varied  rock.  Here  chlOritoid 
appears  tilling  the  space  between  the  pebbles  to- 
gether with  chlorite,  pyrite  ami  silica.  Now 
chl  iritoid  is  a  brittle  mineral,  with  a.  basal 
cleavage  little  less  perfect  than  the  micas,  the 
cleavage  of  chlorite  is  very  prominent,  and  its 
hardness  is  only  1-2.  The  pyrite  is  a  brittle 
mineral  easily  broken.  It  will  be  readily  realised 
from  an  examination  of  this  slide  that  the  falling 
-tain [i   will    produce   a  very  different  product  of, 


say,  -  200  ('003  in.  aperture  screen)  size  from  the 
easily  fractured  lath  .shaped  chloritoid  crystals, 
and    soft   chlorite,  with    the    brittle    pyrite,    than 


Fig.  1      Orange  Grove  quartzite,  sisting  chiefly    "t  ■ 

-rains  with  -  -  asional  flakes  of  sericite rl 

■  'in  cliain.       Nieols. 

from  the  quartz  pebbles,  and  it  would  be  of 
siderable  interest  to  have  an  analysis  of  the  -200 
material  produced   by  stamps,  compared    with  an 


Fig.  i  I.     Banket,  two  pet) 
bythe  cement  consisting  of  pyrite,  quartz,  chlorite,  and 
toid.     Transmitted  and  reflected  light,      20diam. 
analysis  of    the    -  200  material  produced  by  tube 
milling    finely    crushed    material    that    had    been 
broken  by  the  impact  of   the  Stamps.      There  can 
be   little  doubt    that    there    would    be   a  marked 
difference   between    the    two    products,  for    while 
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the  matrix  of  the  banket  contains  pyrite,  chlori- 
toid,    chlorite,     pyrrhotite,     tourmaline,     rutile, 

zircon,  chromite,  chalcopyrite,  galena,  carbon, 
blende,  muscovite,  sericiie,  gold  tellucide,  iridos- 
niine,  apatite  (R.  B.  Young,  Geo.  Society 
S. A.,  Trans.  Vol.  XII.,  1909),  and  cobalt  glance 
(A.  F.  Crosse,  this  Jov. rim/,  Trans.  Vol.  V.,  1904, 
p.  135),  the  pebbles  c(.nsist  of  quartz,  quartzite 
and  allied  silica,  rocks  all  far  more  resistant  than 
tin-  minerals  mentioned.  Lest  it  be  argued  that 
the  factor  of  error  in  the  challenged  investigation 
is  constant  for  the  rock  from  mine  to  mine,  this 
is  just  what  it  is  not.  The  ealcite  pebbles  from  the 
Meyer  and  Charlton  —  in  reality  pseudomorphs 
after  quartz — consume  very  much  less  crushing 
power  than  the  very  hard  pebbles  from  the 
Knights  Iteep,  which  again  differ  from  the  con- 
cretions often  mistaken  for  pebbles  from  the 
.Main  Reef  Leader  of  Langlaagte  Block  B. 
(1!.  II.  Young,  Trans.  Geo.  Society,  S.A., 
Vol.  XII.,  L909,  p  94).  The  more  thorough  the 
study  of  the  mineralogical  composition,  and 
petrologicai  characteristics  of  the  banket,  the 
more  doubtful  does  the  author's  application  of 
Kick's  law  appear.  But  before  coming  to  any 
conclusion  whatsoever,  it  is  necessary  to  reason 
from  experience,  and  to  compare  facts. 

Mr.  Chas.  B.  Saner  (  Vice-President)  moved 
,i  vote  of  thanks  to  the  retiring  President  for  the 
able  manner  in  which  he  had  conducted  the 
meetings  of  the  Society  during  the  past  year. 
This  was  carried  by  acclamation,  and  the  pro- 
ceedings closed. 


The  Society's  Annual  Dinner. 


The  Annua]  I 'inner  of  the  Society  was  held  at 
the  Carlton  Hotel,  mi  Saturday,  June  4th,  the 
President,  Mr.  A.  McArthur  Johnston,  M .A.. 
in  the  chair.     There  were  also  present  : 

.Messrs.  W.  Abel,  A.  I-].  Adams,  K.  L.  Adams. 
II.  A.  Adams,  l\  F.  Alexander  (Member  of  (  oun- 
cil),  F.  Allen,  |;.  Allan,  I  >.  < :.  Aspland,  L.  B. 
Bawden,  W.  Beaver,  II.  G.  Bevington 
President),  E.  Blame,  F.  L.  Bosqui,  C.  B. 
Brodigan  (Vice-President,  Association  of  Mine 
Managers),  R.  Brooks,  \V.  <  >.  Brunton,  A.  F. 
Bruun,  J.  \\ .  Buckley,  Dr.  W.  A.  Caldecott 
i  last  President),  I '.  W'.'l!.  Campbell  I  President, 
S:A.  Institute  of  Electrical  Engineers),  J.  G. 
Tarter  (  Hon.  Auditor),  Palmer  Carter,  F.  D.  I' 
Chaplin,  F.  T.  Chapman,  F.  W.  Cindel,  I.. 
( Jolquhoun,  J.  F.  ( !ook,  J.  ( lornet,  J.  <  !owie 
(Secretary,  Transvaal  Chamber  of  Mines),  W.  M. 
Coultei,  E.  H.  Croghan  (Member  of  Council), 
A.  F.  Crosse  (Pasl  President  i.  M.  Cullen  i  Mem 
ber  of  Council),  W.  Cullen(]'as1  President),  J.  S. 


Curtis,  G.  A.  Darling,  H.  F.  Davis.  W.  H.  Dawe, 
J.  M.  Dixon,  Prof.  J.  H.  Dobson (President,  S.A. 
Association  of  Engineers),  T.  Donaldson,  P. 
Duncan,  C.M.G.,  J.  F.  Ferguson,  M.  Francke, 
A.  Fra-e:,  II.  .1.  Eraser,  J.  A.  Frerichs,  F.  C. 
Frey,  J.  A.  P.  Gibb,  C.  Glyn,  E.  Goffe  (President, 
Transvaal  Institute  of  Mechanical  Engineers  . 
K.  L.  Graham  (Member  of  Council),  Dr  Grant 
H.  Graumann  (Mayor  of  Johannesburg),  J.  Gray, 
T.J.  Greenwood,  J.  G.  Hamilton,  M.V  O.  I  Presi 
dent,  Transvaal  Chamber  of  .Mines  .  Dr.  J.  McC. 
Henderson,  W.  G.  Holford,  E.  Hollis,  J.  H. 
Hopkins,  M.  C.  tnglis,  H.  J.  Ireland,  A.  E. 
Irwm,  W.  11.  Jane,  E.  H.  Johnson  (Pasl 
President),  .1.  H.  Johnson,  Tom  Johnson,  J. 
Johnston  (President,  Pharmaceutical  Societj 
of  the  Transvaal),  T.  S.  Jolly.  R  N. 
Kotze  (Government  Mining  Engineer),  E.  -I. 
Laschinger  (Member  of  Council;,  Principal  J.  G. 
Lawn  (S.A.  School  of  Mines  and  Technolog5  , 
H.  Lea,  J.  Lea,  Q.  J.  Leitch,  C.  D.  Leslie,  W. 
[vor  Lewis,  I!.  Lindsay,  VV.  D'A  Lloyd,  Dr.  D. 
Macaulay,  H.  S.  Macgregor,  J.  Matheson,  S. 
Matthews,  J.  McCracken,  Dr.  J.  McCrae, 
J.  Meeser,  11.  .Meyer.  Dr.  J.  Moir(Vice  President), 
11.  II.  Morrell,  J. Munro,S.G. Murphy, Dr. Temple 
Mursell  (President,  Transvaal  .Medical  Society), 
G.  Nathan,  S,  New  ion.  W.  Nicklin,  F.  I'.  Ogle, 
E.  A.  Osterloh,  E.  Pam,  S.  H.  Pearce  i  Past-Presi- 
dent), J.C.  Phillips,  Lion,. I  Phillips,  I!.  <  I  Camp- 
bell Pitt  (President,  Rand  Pioneers),  <  >.  P  Lowell, 
W.  S.  V.  Price,  .1.  F.  Pyles,  Rand  Daily  \iaUy 
E.  G.  Lance,  S.  Richards,  A  Richardson  (Mem- 
ber of  Council),  C.  A.  Robinson,  VV.  Rockey,  Fred. 
Lowland  (Secretary),  A.  Salkinson,  C.  B.  ; 
(\  ice-Prerfident),  II.  E.  Saner.  R.  !'..  Saner. 
\V  Sharp  C.  B.  Simpson,  South  African  Miniinj 
Journal,  G.  ( ).  Smut  .Member  of  Council), 
T.  F.  Smith.  C  M.  Smythe,  A.  R.  Stacpoole, 
II.  Mai!,  r.  Prof.  G.  II.  Stanley  Member  of 
Council),  Har,  .1.  II.  Stevens,  R.  Stokes,  A.  N. 
Stuart,  W.  R.  Tait.  W.  Taylor,  II  Taylor,  1.'.  M. 
Taylor,  A.  Thomas,  II  Musson  Thomas,  •'  E. 
Thomas  (Member  of  Councd),  II.  T.  E.  Thorpe, 
W.  E.  Thorpe,  M  Torrente,  Transvaal  Lradt  ,  J. 
Walker.  P.  A  Wabhe.  G.  \V.  Ward.  F.  Warten- 
weiller,  F.  W.  Watson,  T.  II.  Wats,  n,  J.  W  Watts, 
II.  II.  Webb,  E.  M.  Weston,  W.  Westwond,  W.  S. 
Whaley,  A.  Whitby,  (Member  of  Council),  II.  A. 
White  (Member  of  Council),  E.  J.  Wiseman, 
Pro'.  -L  A.  Wilkinson  (Membei  ol  Council),  L  .1. 
Wilmotb,  Prof.  R.  B.  Young!  President,  <;■■  I 
Societj  of  South  A i ■ 

The  usual  Loyal  Toasts  having  been  duly 
honoured, 

Mr.  J.  C  Hamilton,  M.VO.  (President  of  the 
Chamber  of  Mine-)  in  proposing  the  toast  "  The 
Chemical,  Metallurgical    and   Mining  Society  <•(' 
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South  Africa,"'  .said,  Mr.  President  and  yentlemen, 
I  have  to  express  my  acknowledgement  of  the 
honour  you  have  (lone  me  this  evening  in  making 
me  one  of  your  guests,  and  my  admiration  of 
your  courage  in  entrusting  to  me  the  toast  of  the 
Society.  I  regret  that  it  is  a  number  of  years 
since  I  was  enabled  to  be  present  at  one  of  these 
annual  functions,  which  are  amongst  the  greatest 
of  our  mining  year.  However,  the  loss  lias 
been  mine  and  I  am  happy  to  be  here  this 
evening.  To  go  back,  the  history  of  this  Society 
is  practically  the  history  of  these  fields.  It  is  I 
believe  some  16  years  since  the  Society  was 
initiated.  Since  that  time  it  has  grown  in  num- 
bers and  importance  and  it  has  participated  in 
every  move  in  the  mining  world.  I  understand 
that  the  Society  to-day  is  the  strongest  in  the 
whole  of  the  southern  hemisphere,  and  that  as  a 
matter  of  fact  it  is  one  of  the  strongest  of  the 
kind  in  the  whole  world  -from  China  to  Peru  — 
and  the  work  of  your  members  is  well  known 
throughout  the  world,  and  I  believe  1  have  to 
congratulate  you  on  the  fact  that  one  of  your 
prominent  members  and  a  former  President,  has 
recently  been  highly  honoured  by  his  Alma  Matt  r, 
the  Cape  University.  To  realise  the  work 
which  your  Society  is  doing,  it  is  necessary  to 
glance  through  the  Joui'nal  which  you  periodically 
publish.  Otherwise  it  would  be  impossible  to 
grasp  the  various  subjects  in  which  your  members 
are  interested.  In  proposing  the  toast  of  the 
Chemical,  Metallurgical  and  Mining  Society,  1 
believe  it  is  absolutely  necessary  to  go  back  to 
yourlongago  predecessors  in  the  title.  1  do  not 
know  whether  1  can  go  back  to  the  time  of  the  old 
astrologers,  but  anyway  we  can  go  back  to  the 
time  of  the  Alchemists.  I  believe  their  chief 
function  in  life  was  the  discovery  of  the 
philosophers  stone.  They  imagined  that  when 
they  discovered  that  stone  they  would  have  dis- 
covered a  panacaea  lor  all  ills,  they  would  have 
got  rich  in  their  old  age  and  would  have  become 
rejuvenated  again,  although  1  am  not  certain 
that  their  immediate  posterity  would  have  ap- 
preciated that.  Hut  their  great  work  was  to 
learn  the  secret  of  the  transmutation  of  metals. 
Their  idea  was  to  transform  the  baser  metals  into 
gold,  and  when  tired  of  making  gold  they  might 
eventually  make  a  little  silver.  Well,  you 
gentlemen,  are  their  lineal  descendants  in  title. 
Vim  have  to  move  in  a  different  sphere.  Vmi 
have  followed  in  a  more  practical  method  and 
have  assisted  in  the  extraction  of  the  metal  from 
this  ore  in  which  the  results  have  on  the  whole 
been  more  satisfactory.  You  have  achieved 
much  in  the  past.  You  have  still  much 
before  you  I  believe  to  achieve.  We  are  inter- 
ested in  the  discovery  of  how  far  the  baser  metals 
copper,    tin    and    other  metals— occur  in   this 


country.  That  will  open  a  wide  field  for  you 
gentlemen.  Again,  you  gentlemen  will  be  in- 
terested in  the  chemistry  of  agriculture  and  you 
can  do  a  great  deal  in  that  direction.  Mining  in 
this  country,  as  in  other  countries,  leads  up  to 
other  industries,  and  more  particularly  to  the 
main  industry  of  all  countries,  that  of  agriculture. 
The  expansion  of  tiie  gold  mines  here  has  to  my 
mind  rendered  possible  the  success  of  agriculture 
in  the  Transvaal.  It  has  to  my  mind  even  gone 
further.  This  industry  has  made  the  success  which 
the  Transvaal  is  to-day,  it  is  this  industry  which 
has  made  possible  the  Union  of  South  Africa  which 
we  have  been  recently  celebrating.  I  do  not  intend 
to  touch  upon  politics,  my  friends,  Mr.  Chaplain 
and  Mr.  Duncan,  will  no  doubt  deal  with  that  sub- 
ject. It  is  only  a  few  days  ago  since  those  of  us  who 
have  been  in  the  House  of  Assembly,  have  bi  en 
relieved  of  our  Parliamentary'  duties,  and  have 
come  back  into  private  citizens  again.  Therefore, 
I  have  no  intention  to-night  of  touching  upon 
politics  in  any  way.  As  I  have  said, gentlemen,  you 
have  much  before  you.  Scientists  are  insatiable. 
They  are  always  sighing  for  fresh  worlds  to 
conquer,  and  we  cannot  wonder  at  it.  If  we 
look  back  at  the  strides  made  in  the  last  century 
— nay  to  the  last  decade — we  cannot  wonder 
that  scientists  are  sighing  for  more  worlds  to 
conquer.  What  would  we  have  thought  if  any 
one  had  told  us  a  short  ten  years  ago  that  a  man 
would  have  flown  on  a  biplane  from  Dover  to 
the  French  coast  and  back.  We  should  have 
thought  that  such  a  man  was  drawing  very 
largely  on  his  imagination,  and  yet  that  is  what 
has  recently  been  done.  In  view  of  the  success 
of  the  past,  1  think,  gentlemen,  we  are  justified 
in  looking  to  you  for  innovations  in  the  future. 
1  think  we  can  confidentally  look  to  you  still  to 
show  us  that  there  are  more  things  in  Heaven  and 
earth  than  we  have  yet  dreamt  of  in  our 
philosophy. 

The  President :  In  thanking  the  President  of 

the  Chamber  of  Mines  for  his  kind  remarks  on 
our  Society  this  evening,  I  would  remind  you, 
gentlemen,  that  there  is  an  old  saying  that 
a  prophet  is  not  accepted  in  his  own  country, 
and  another  that  listeners  seldom  hear  good  of 
themselves,  You  who  are  members  of  this  Society 
are  therefore  in  a  unique  position,  since  Mr. 
Hamilton  has  done  his  best  to  impress  us  that  we 
are  much  thought  of  and  that  we  are  going  good 
work. 

Well,  gentlemen,  it  is  not  for  me  to  gainsay  all 
he  has  said.  Your  Council  has  so  often  impressed 
it  on  me  that  we  are  the  best  Society  in  South 
Africa,  that  I  am  beginning  to  believe  it  myself 
and  certainly  when  we  remember  that  it  is  just 
about    lb'  years  since  we  had    our    beginning,  that 
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ut  the  first  muster  the  members  present  numbered 
about    a   dozen,    whilst    they    now    approximate 

1,200  we  have  reason  to  feel  at  any  rate  that  we 
justify  our  existence.  Not  only  do  we  excel  in 
numbers,  but  the  quality  and  character  of  our 
papers  during  the  past  year  tend  to  maintain  the 
high  record  set  us  in  earlier  days.  My  earliest 
remembrance  of  work  in  this  Society  recalls  an 
occasional  lively  search  for  a  paper,  my  latest 
tills  that  there  has  always  been  an  abundance  of 
papers,  indeed  during  the  past  year  there  have 
generally  been  two  original  papers  submitted  to 
each  meeting,  when  there  has  been  an  average 
attendance  of  about  one  hundred. 

These  remarks  I  make,  gentlemen,  not  in  a 
boasting  spirit,  but  because  1  wish  to  impress 
upon  those  here  to-night,  who  are  not  regular 
attenders  of  our  meetings,  that  it  were  well  for 
them  to  become  so.  I  wish  to  impress  also  on 
the  leaders  of  our  mining  industry  that  it  is  to 
the  interest  of  the  industry  that  they  encourage 
us  with  their  presence  occasionally,  whilst  i  may 
say  that  the  Council  is  at  present  considering  a 
proposition  whereby  mining  papers  may  be  en- 
couraged and  thereby  make  some  at  any  rate  of 
the  meetings  more  personal  to  many  o]  our  min- 
ing men. 

The  work  we  have  done  in  the  past  and  what 
we  intend  to  do  in  the  future,  for  I  speak  from 
personal  knowledge  when  I  say  there  is  no  rust- 
ing going  on,  in  the  interests  of  the  mining 
industry  both  by  <  ncouraging  the  mei  ting,  with 
consequent  interchange  of  ideas,  of  all  those 
engaged  therein  and  by  the  reading  of  papers 
and  the  dissemination  by  means  of  our  Journal 
abstracts  from  the  hading  periodicals  on  sub- 
jects pertaining  to  the  industry,  is  enormous 
and  its  magnitude  may  be  roughly  gauged  by  the 
fact  that  we  have  not  been  able  to  persuade  a 
President  to  occupy  the  chair  a  second  time. 

Considering    for    one    moment    the    industrial 

features  of  the  past  twelve  months,  we  can  but 
come  to  the  conclusion  that  a  steady, 'quiet  evolu- 
tion is  going  on.  We  haveoften  been  twitted  for 
our  conservatism  and  1  acknowledge  that  there  is 
some  elemenl  of  truth  in  the  assertion,  but   when 

we    consuhr    the    vast  extent  of  our  indiist  i  \   and 

the  tonnage  handled  per  day,  I  am  convinced 
that  even  our  nest  inveterate  critics  will,  in  their 

sane     moments,     acknowledge    that     a     policy     of 

festina  U  nte  is  well  advised. 

Perhaps  at  no  time  during  the  existence  of  our 

Society    has    theie    been    Ml    the    1,'aml    an    n:i  of 

such  great  moment  in  metallurgical  practice.      In 

former     daws     there     have     In  en     many     radical 
changes,  but  it  was  a  common  factor  in  out 
sideration  that  what  was  proved  useful  and  advan- 
tageous to  one  mine  was  eagei  ly  SOUght    after    by 

the    others.       In    this    way  was    built    up  what  is 


known  all  over  the  world  as  Rand  practice,  a 
practice  which  has  been  severely  criticised,  more 
oiten  unjustly  than  justly.  At  tic-  present  time, 
">ir  I  aders  are  divided.  ( J  teat  difhre  i  ices  of  opinion 
exist,  and  I  think  1  am  correct  in  saying  that  no 
more  healthy  sign  could  be  evidenced  of  the 
interest  involved  than  has  been  apparent  in  the 
discussions  pi  inted  in  our  Journal  during  thi 
twelve  months.  We  have  followers  of  ci 
crushing  and  tube  milling,  of  tine  crushing  with- 
out tube  milling,  of  plate  amalgamation  after  the 
mill  and  after  the  tube  mill,  of  amalgamation 
only  after  the  tube  mills,  and  of  no  amalgamation 
at  all.  In  secondary  treatment  there  are  advo- 
cates who  treat  the  sand  and  slime  as  one 
product,  others  who  would  treat  the  finest  sand 
with  the  slime,  whilst  detractors  of  the  decanta- 
tion  process  for  slime  settling  are  claiming  better 
results  by  means  of  filter  presses,  leaf  filters,  etc., 
Even  the  old  established  zinc  shavings  are  being 
challenged. 

1  can  thus  safely  say,  gentlemen,  that  our 
industry  is  in  a  very  interesting  stage  metal- 
lurgical^, and  I  think  that  there  are  few  members 
of  our  Society  who  are  not  well  acquainted  with 
each  and  all  of  these  problems  and  indeed  keenly 
interested  therein.  We,  as  individuals  and 
Society,  want  to  know  all  about  improvements, 
we  want  solid  tacts  and  definite  figures,  and 
having  been  convinced  that  any  change  is  for 
better  extraction  or  fir  lower  working  costs,  I  am 
confident  that  metallurgists  here  will  welcome 
such  improvements  not  only  in  the  proper  spirit, 
but  in  the  right  manner  by  recommending  their 
adoption.  Mining  men  also  are  facing  problems, 
which  will  tend  greatly  to  the  betterment  of  con- 
ditions   underground.       first    of    these    is    the 

matter  of   ventilation.       1    need    scarcely  recall    to 

members  the  times  of  keen  controversy  experi- 
enced some  years  ago  in  our  midst  by  this  very 
question.  It  is  pleasing  to  record  that  since 
then  the  ventilation  of  mines  has  received  the 
attention  of  mining  men  which  its  import 
demands,  and  there  can  be  little  doubt  but  that 
future  reduction  iii  working  costs  will  bi 
thereby  since  the  output  capacity  of  our  miner? 
will  be  increased.  Of  almost  equal  importance 
too  is  the  sand  filling  of  stop<  s.  The  two  subjects 
are  intimately  connected,  for  I  can  recall  how  the 
worked-oul  ground  in  the  uppei  levels  was  always 
best  supplied  with  fresh  air,  so  that  only  more  or 
less  vitiated  air  reached  the  working  fates.  The 
sand  packed  st opes  vt ill  nol  only  strengthen  the 
hanging  and  the  footwall,  but  tiny  will  tend  to 
divert  the  pure  air  to  the  present  workings.  It 
1 1 ) . > \  be  some  time  yet,  but  we  can,  I  trust,  look 
forward  to  the  daj  when  close  behind  the  work- 
ing   face   will    follow   the   solid    packing   of   the 

sand. 
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A  pleasing  feature  of  the  past  year  lias  been 
the  increase  in  numbers  of  our  student  members. 
These,  as  most  of  you  know,  are  apprentices  to 
whom  in  the  future  Ave  would  look  to  carry  on 
our  work,  and  it  behoves  us  to  give  them  the 
right  training,  a  theoretical  as  well  as  a  practical. 
Many  of  these  youths  are  graduates  of  our 
universities  or  are  college  students,  who  in  former 
days  joined  the  professional  classes,  but  now  are 
encouraged  into  the  industrial  ranks,  with,  let  us 
hope,  a  brighter  prospect  tor  them  and  for  the 
wealth  of  the  country.  There  is  no  reason  why 
with  careful  attention  to  work  and  zeal  in  follow- 
ing university  or  college  extension  work,  they 
should  not  become  highly  trained  technical  men 
in  their  own  departments.  What  we  want  from 
them  is,  after  completion  of  their  alma  mater 
course,  sufficient  grit  to  enable  them  to  become 
graduates  in,  what  Cousin  Jonathan  calls,  the 
university  of  hard  knocks. 

Let  me  add  just  one  word  of  advice  to  all  our 
student  members  and  even  to  our  younger 
members.  Remember  that  your  competitors  are 
not  only  to  be  found  here.  Once  you  get  into 
position  of  trust,  you  will  find  that  rivals  are 
drawn  from  all  over  the  world  and  it  is  necessary 
for  you  to  become  thinking  members,  well  read 
in  everything  pertaining  to  your  work  and 
strenuous  to  keep  your  end  up.  Keep  well 
abreast  of  modern  practice  in  all  its  phases — do 
not  sit  still  and  do  your  daily  work  only  and  then 
grumble  should  one  be  put  ahead  of  you. 

For  the  encouragement  of  these  youths,  your 
Council  has  been  pleased  to  offer  to  the  Transvaal 
University  College  a  sum  of  .£20  per  annum  to 
be  given  in  book  prizes  to  the  evening  students 
in  chemistry  and  metallurgy.  This  extension  of 
our  usefulness  will,  I  am  certain,  meet  with  your 
approval.  The  principle  evolved  a  year  ago  of 
having  Corresponding  Members  of  Council  has 
been  further  extended  with  beneficial  results,  and 
we  can  now  claim  to  have  representatives  in  all 
the  gold  mining  countries  of  the  world,  who  not 
only  assist  in  procuring  papers  for  us,  but  have 
extended  and  continue  to  extend  our  sphere  of 
influence  quite  appreciably. 

Of  great  benefit  too  has  been  the  interchange 
of  ideas  and  methods  during  the  visits  oi  several 
of  our  members  to  other  mining  centres,  and  by 
the  visits  to  the  Hand  of  other  leading  metallur- 
gists from  several  of  these  gold  fields.  <  >ur  visitors 
we  have  received  in  as  hospitable  a  manner  as 
possible,  indeed  some  of  them  have  complained 
oi  our  hospitality  in  so  far  as  we  have  made  them 
loth  to  leave  South  Africa.  All  of  them  have 
expressed  general  approval  of  our  methods,  whilst 
of  them,  in  a  recent  issue  of  a  mining  paper, 
refers  to  the  milling  practice  on  the  Hand  as 
being  the  best  in  the  world. 


Our  connection  with  the  Institute  of  Mining  and 
Metallurgy  has  been  cemented  during  the  past  year 
by  the  joint  reading  and  discussion  of  papers  of 
equal  interest  to  the  members  of  both  Societies,  by 
visits  of  Mr.  McDermott,  Mr.  F.  W.  Harbord  and 
Mr.  Marriott,  and  by  my  own  reception,  as  your 
President,  from  them  in  London.  As  you  know, 
the  I.M.  and  M.  are  initiating  standards  applic- 
able to  mining  and  metallurgical  work  which 
shall  be  world-wide  in  their  application.  Their 
adoption  generally  will  simplify  matters  very 
much  when  comparison  may  be  initiated  between 
different  centres  We  are  endeavouring  to  follow 
in  the  matter  of  mining  and  metallurgical  terms, 
and  we  trust  soon  to  be  able  to  invite  all  our 
members  to  criticise  our  efforts  and  assist  us  in 
formulating  terms  which  will  be  acceptable,  if  not 
to  all,  at  least  to  a  majority  of  miningand  metal- 
lurgical men. 

Mr.  F.  D.  P.  ChapMn,  who  met  with  a  very 
cordial  reception,  in  proposing  the  next  toast 
"South  Africa," said  :-  Mr.  President  and  gentle- 
men, in  proposing  the  toast  of  the  Society  a  few 
minutes  ago,  Mr.  Hamilton  made  the  remark 
that  these  dinners  marked  an  epoch  in  the  mining 
world  of  the  Rand.  I  think  also  they  mark 
year  by  year  the  progress  of  South  Africa.  Last 
year  if  I  remember  rightly  we  listened  to  an 
eloquent  address  from  Sir  Percy  Fitzpatrick  on 
the  advantages  that  would  accrue  to  South  Africa 
from  the  accomplishment  of  Union.  Well,  since 
then,  things  have  progressed  and  Union  has  been 
accomplished,  and  as  your  President  has  said  just 
now.  the  condition  of  South  Africa  is  like  the 
condition  of  the  industry,  an  extremely  interest- 
ing one.  We  are  face  to  face  with  a  new  order 
of  things,  and  it  is  a  matter  of  vital  importance 
to  all  of  us  how  things  under  the  new  order  are 
to  b>-  carried  out.  We  are  all  agreed  that 
obviously  we  are  all  to  do  our  best  for  the  future 
of  South  Africa,  but  I  take  it  as  time  goes  on,  it 
will  appear  that  we  shall  not  be  all  agreed  as  to 
the  best  means  of  bringing  about  the  prosperity 
which  we  desire.  It  appears  now  that  we  are  to 
have  introduced  what  is  called  party  government. 
I  am  not  going  to  express  any  opinion  as  to 
whether  any  other  form  of  government  would 
have  been  possible,  or  whether  if  it  had  been 
possible  it  would  have  been  desirable,  but  it 
appears  that  South  Africa  is  now  about  to  endorse 
the  sayings  of  that  great  party leaderin  England, 
that  without  party,  Parliamentary  government  is 
impossible.  Well  whether  that  is  so  or  not,  we 
are  going  to  have)  arty  government  in  Soulh 
Africa,  and  1  take  it  we  are  going  to  make  t lie 
best  of  it.  I  am  quite  sure  that  whatever 
differences  of  opinion  may  divide  parties  in  South 
Africa  during  the  years  to  come,  members  of  both 
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parties  will  combine  on  questions  on  which  there 
can  be  no  factious  difference,  and  on  questions  on 
winch  the  whole  opinion  should  be  concentrated. 
We  are  not  going  to  quarrel  amongst  ounselves 
for  purely  party  purposes,  and  whatever  the 
( (Overnment  of  the  day,  whatever  party  it  repre 
gents,  puts  forward  a  programme,  and  puts  for- 
ward measures  which  appeal  obviously  to  every- 
one, and  are  in  the  general  interests  of  the 
country,  then  I  feel  sure  that  whatever  party  is 
in  opposition,  that  party  will  not  give  way  to 
pure  factious  disturbance,  but  will  do  its  best  to 
support  the  measures  which  are  in  the  interest  of 
all.  Well,  gentlemen,  we  are  accustomed  to  look 
at  the  advantages  of  Union.  1  am  not  going  to 
detail  what  I  believe  to  be  those  advantages.  I 
think  they  are  patent  to  all,  but  I  would  like  to 
dwell  for  a  moment  upon  the  obligations  which 
Union  must  confer  upon  us.  We  have  now  as  a 
South  African  nation  to  take  our  proper  place 
in  the  Empire,  and  if  we  are  going  to  take  our 
proper  place  in  the  Empire,  we  are  going  to  show 
that  we  are  worthy  of  it.  We  are  going  to  con- 
sult not  only  our  own  interests  but  also  what  in 
a  wider  sense  is  our  own  interest  and  that  is  the 
interests  of  the  Empire  at. large.  We  are  going 
to  take  upon  ourselves  a  proper  share  in  the  de- 
fence of  tlie  Empire.  We  are  going  to  make 
proper  provision  for  the  internal  defence  of  the 
Empire.  We  are  going,  I  hope  before  long,  to 
sei-  steps  taken  to  bring  about  a  system  of  land 
defences  a  system  which  is  not  a  hard  and  fast 
military  system  -hut  which  is  suited  to  the 
requirements  of  the  country,  and  which  will 
enable  us  when  the  time  comes,  if  it  ever  does 
come,  and  we  all  hope  it  never  will  come,  to  play 
a  proper  part.  Because  gentlemen,  the  quarrels 
of  the  Empire  are  going  to  lie  the  quarrels  of 
South  Africa,  and  we  have  got  to  lie  ready  if  and 
when  the  time  shall  come.  But,  gentlemen, 
these  things  cannot  be  done  without  effort. 
They  cannot  be  done  without  heavy  sacrifice  and 
without  money,  and  they  cannot  therefore  be 
done  without  increasing  the  population.     ( 

the  things  which  I  hope  we  are  going  t'.  see  in 
the  near  future,  is  a  determined  attempt  to  in- 
crease the  white  population  of  this  country. 
'I'lcre  are  surely  openings  for  it.  We  are  going, 
I   hope,   to  see  an  increase   of    population     on     the 

land.  We  are  going,  I  hope,  to  encourage  im- 
migration, the  immigration  of  people  of  the  right 
kind.       We    are    going    to  facilitate  t  heir    coining 

and  to  make  provisions  for  them  in  this  country 

by  settling  them  upon  the  land,  and    by    offi  ring 

inducements,  legitimate  inducements  to  them   to 

come  and  settle   amongst     ns        And     when     they 

ciine  we  are  going  to  make  them   at    I ie   and 

we  are  not  going  to  treat  them  a-  outsiders.  1 
hope  gentlemen  we  are  not  going   to   be   put   off 


with  the  cry,  which  I  have  heard  raised  before 
now,  that  there  are  plenty  of  people  in  this 
country,  and  that  everyone  in  this  country  is 
not  already  employed,  and  that  we  had  better 
s.e  that  they  ate  employed  before  we  think  of 
inviting  anyone  else.  1  think  there  are  probably 
less  people  actually  out  of  employment  in  this 
country  than  in  any  industrial  community  of  the 
same  size.  I  hope  that  will  always  be  so.  What 
we  have  got  to  do  is  to  find  openings  tor  people. 
We  can  find  these  openings  on  the  land  by  a 
proper  encouragement  of  agriculture.  We  have 
got  to  spend  money  mi  it,  and  1  believe  no  one 
in  this  industrial  community  which  pays  so  large 
a  share  of  the  revenue  will  grudge  for  one 
moment  reasonable  sums  expended  upon  agricul 
ture  and  agricultural  education,  if  they  are  sure 
that  the  money  is  wisely  spent  and  spent  without 
favour  and  strict  impartiality.  And  gentlemen 
there  is  one  thing  which  I  think  is  worthy  of 
attention  at  the  present  moment.  We  do  not  of 
course  want  to  interfere,  if  we  could,  in  Home 
politics,  though  of  course  we  cannot  disregard 
the  fact  that  there  is  a  very  close  relation  between 
our  politics  and  Home  politics  in  the  gr< 
sense  oi  the  word.  Now  what  I  mean  is  this. 
We  have  a  great  deal  to  gain  in  this  country  if 
the  Home  country,  which  supplies  the  b;_ 
market  in  the  world,  would  give  some 
preference  —  even  a  slight  preference  to 
Colonial  products.  \  do  not  know  whether 
any  of  you  have  read  in  the  papers  which  come 
out  from  London  only  a  few  days  ago  a  most 
interesting  statement  showing  the  effect  of  British 
trade  on  the  preferential  system  with  Canada. 
There  is  no  getting  away  from  it  that  the 
existence  of  the  preference  which  Canada  has 
given  to  British  goods  has  made  an  enormous 
difference,  and  in  this  country  we  now  give  that 
preference.  What  we  hope  is — Tain  looking 
it  now  from  our  point  of  view — that  the  time  will 
come  when  the  Home  people  will  give  us  preference 
because  if  they  do  not  after  a  time  it  must  inevit 
ably  happen  in  thi-  country  as  it  appears  to  be 
happening    in    Canada,  that    people  will  n<>t  wait 

indefinitely,  and  they  will  say  "Wear  notg 
en    giving   you    preference    if   you   do    no1 
us    preference    in     return.'   and    then     they     will 
make     their     own      arrangements      with      the 
foreigner.       I  do  not  think  any  of  us  want  t 
that,  because  we  are  going  to  lose  enormously  by 
it  if  that  comes  to  pass.     We  are  going  t<.  lose 
the  advantage  we  should  get  by  being  p u  tners  in 

that  * solidation  of  the  Empire,  which  I  believe 

trade  reciprocity  will  do  more  than  anything 
to  bring  about       [f  we  can  do  something  in  this 
country  to  bring  that  about,  I   think  we  -hall  be 
doing  something  to  show  that  we  have  earned  our 
proper  place  in  th.-   Empire      Well,  gentlemen,  I 
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have  dealt  with  the  laud,  and,  of  course,  what  I 
have  said  as  regards  the  land  applies  with  equal 
force  to  the  industries  of  the  country.  Now, 
unfortunately,  at  the  present  time  we  have  got 
only  one  prominent  industry  in  the  country.  I 
hope,  I  wish  for  many  reasons  we  had  more.  If 
for  no  other  reason,  it  would  be  an  advantage, 
because  other  industries  would  take  up  some  of 
the  criticism  —  not  always  fair  —  which  is  so 
abundantly  showered  upon  our  industry  to-day. 
I  think  we  can  do  a  good  deal,  but  it  is.  no  use 
thinking  that  everything  is  going  to  be  plain  sail- 
ing, and  that  our  progress  will  come  without 
effort.  We  know  very  well  that  the  ore  of  our 
mines  will  not  get  any  richer  than  it  is,  and  we 
know  quite  well  that  if  we  are  going  to  expand 
this  industry  we  have  got  to  work  cheaply.  We 
have  got  to  take  advantage  of  every  form  of 
mechanical  and  metallurgical  skill.  Then  we  are 
at  once  providing  openings  for  a  larger  number  cf 
white  people  to  earn  a  living  in  this  country, 
because  there  is  nothing  to  my  mind  more  sure 
than  this,  that  if  we  wish  to  see  more  white 
people  employed  here  we  have  got  to  provide 
openings  for  them  not  only  in  unskilled  work 
but  in  work  that  requires  a  certain  amount  of 
skill.  It  is  where  skill  is  wanted  that  the  white 
man  is  going  to  find  his  opening.  I  believe  far 
more  in  finding  openings  for  white  people  in  that 
way  and  by  taking  other  measures- — I  see  that  I 
am  treading  on  dangerous  ground.  Well,  gentle- 
men, there  is  no  body  of  men  who  can  do  more, 
who  is  doing  more  to  help  South  Africa  than  this 
Chemical,  Metallurgical  and  Mining  Society  of 
yours.  You  have  heard  from  your  President 
some  of  the  things  which  the  Society  has  done 
and  is  doing,  and  in  my  humble  opinion  your 
President  has  been  far  too  modest.  I  believe  the 
efforts  of  this  Society,  and  the  people  connected 
with  it  have  had  an  enormous  effect  in  promoting 
the  prosperity  of  the  mining  industry,  and  I 
believe  as  time  goes  on  that  they  will  help  enor- 
mously in  the  starting  of  other  industries.  We 
are  bound  to  have  other  industries  in  this  country, 
and  1  hope  that  as  they  start  we  shall  give  them 
adequate  encouragement.  We  ought  to  protect 
them  sufficiently  and  give  them  a  fair  chance 
without  overburdening  the  taxpayer  of  the 
country.  We  have,  of  course,  in  this  country  to 
reduce  the  cost  of  living.  We  are  going,  I  hope, 
to  see  the  railways  administered  on  business  lines 
We  are  going  as  a  consequence  to  see  the  cost  of 
bringing  goods  for  example,  say,  building  material 
reduced,  and  we  are  going  to  see  it  therefore 
made  easier  for  people  to  establish  their  homes  in 
South  Africa.  To  that  extent  I  hope  we  shall 
protect  such  industries  as  arise,  and  by  so  doing 
we  shall  do  something  to  build  up  that  white 
population   which   is   so   badly   required    in   this 


country,  and  which,  as  I  have  said  already,  is 
absolutely  necessary  to  us  if  we  are  going  to  take 
our  place  in  the  Empire  to  find  the  men  and 
money  which  it  is  up  to  this  South  Africa  to 
provide.  Of  course  with  the  advent  of  an 
increased  population,  facilities  for  the  living  of 
that  population  will  arise.  We  have  got  to  see 
that  all  sections  of  this  country  have  a  fair  chance, 
and  that  things  are  conducted  in  a  manner  which 
will  give  equality  of  opportunity,  and  we  have 
got  to  see  as  I  have  said  already  that  the  new 
comer  is  made  at  home.  I  think  the  Government 
of  the  day,  which  begins  the  administration  of 
South  Africa,  has  an  enormous  responsibility  laid 
upon  it,  and  I  believe  everybody  will  lie  desirous 
of  giving  that  Government  its  chance,  and  1 
believe  as  I  said  at  the  beginning  of  whatever 
party  it  belongs  brings  forward  measures  which 
are  obviously  in  the  interests  of  the  country,  all 
sections  will  unite  in  its  support.  I  think  we 
can  look  forward  with  hope  and  confidence  to  a 
prosperous  South  Africa.  I  therefore  have  much 
pleasure  in  giving  you  the  toast  of  Si  uth  Africa 
coupled  with  the  name  of  my  friend,  Mr.  Duncai  , 
who  was  a  member,  as  you  know,  of  the  Crown 
Colony  Government  which  in  spite  of  all  criticism 
laid  the  foundation  of  the  prosperity  which  is 
now  before  us. 

Mr.  Patrick  Duncan,  C.  M.G  ,  in  response  to  the 
toast,  said:  Mr.  President  and  gentlemen,  I  must 
begin  by  acknowledging  the  manner  in  which  this 
toast  has  been  proposed  by  myfriend,  Mr.  Chaplin, 
and  in  which  it  has  been  received  by  you.  After 
that  I  think  I  ought  to  apologise  because  I  believe 
my  appearance  to-night  is  in  the  nature  of  a  stop 
gap,  that  it  had  been  originally  intended  had  the 
fates  been  kind,  that  this  toast  should  have  been 
replied  to  by  a  member  of  the  new  Union 
administration.  Well,  gentlemen,  I  can  only 
share  your  regrets  that  that  has  not  been  possible 
and  that  member  could  have  seen  his  way  to  tell 
this  gathering  something  of  the  events  even  f  the 
last  few  days,  he  would  have  initiated  you  into  a 
chapter  of  South  African  history  which,  if  not. 
elevating,  would  at  least  have  been  entertaining. 
Well,  I  must  acknowledge  as  I  said,  the  way  in 
which  you  have  received  this  toast,  and  indeed  it 
was  only  to  be  expected  that  such  a  toast  as  this 
should  have  been  received  by  a  Society  such  as 
this,  because  your  Society  recognises  that  while 
your  work  is  primarily  scientific  and  industrial,  it 
is  these  things  which  have  no  small  influence  on 
the  destinies  of  the  country  in  which  you  work. 
I  believe  you  all  identify  yourselves  with  these 
destinies,  and  it  is  in  that  spirit  I  wish  to  talk 
to  you  to-night.  I  remember  seeing  in  a  paper 
sometime  ago  in  Natal,  where  a  prominent  politi- 
cian replying  to  a  toast  said  that  the  great  thing 
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about  South  Africa  was  that  its  future  lay  before 
it.  Like  many  utterances  of  |  oliticians  that 
statement,  though  it  might  be  called  a  platitude, 
was  intended  to  have  a  real  meaning.  What  I 
believe  the  gentleman  who  gave  utterance  to  it 
meant  was,  that  the  future  of  South  Africa  looked 
to  a  greater  extent  than  could  be  said  of  any  of 
the  older  countries  in  the  world,  to  be  in  the 
] lands  of  the  present  generation,  that  it  is 
for  us  to  decide  according  to  our  opportu- 
nities, it  was  not  for  us  to  decide  in  what 
direction  this  new  country  should  advance,  and 
to  that  extent  our  responsibility  is  not  a  small 
one.  It  would  have  been  equally  true  and 
equally  signiiicant  if  he  had  added  that  the  past 
of  South  Africa  lies  behind  it.  If  he  had  said  so 
I  believe  he  would  have  meant  that  the  past  of 
South  Africa  is  one  which  marks  it  out  in  a 
special  way  among  the  other  great  nations  which 
form  the  British  Empire.  We  have  to  look  back 
upon  a  record  of  internal  conflict,  first  of  all  with 
the  forces  of  nature  and  with  the  many  plagues 
which  for  one  reason  or  another  have  seen  tit  to 
land  upon  this  part  of  the  world,  wild  beasts  and 
equally  wild  men,  and  last  but  not  least,  genera- 
tions of  internecine  conflict  between  the  two 
civilised  races  whose  destiny  it  is  to  make  this 
land  a  civilised  nation.  That  I  think  is  a  history 
which  is  not  shared  to  anything  like  the  same 
extent  by  any  of  the  other  great  colonies  of  the 
Britirh  Empire.  It  may  give  us  reason  for  pride, 
but  it  also  imposes  upon  us  heavy  obligations 
which  are  not  imposed  upon  those  other  countries 
which  have  had  a  more  reasonable  course  of 
development.  But  now  I  hope  we  have  got 
beyond  that  stage  of  conflict  I  etween  the  two 
civilised  race-  who  have  between  them  the  task 
of  civilising  this  country.  .\t  Yerecniging,  eighl 
years  ago,  a  treaty  was  agreed  upon,  which  put 
an  end  to  armed  conflict  between  thece  two  races. 
A  lew  days  ago  at  Pretoria  was  consummated 
what  I  may  call  another  treaty,  a,  treaty  which 
meant  that  the  differences  between  the  two  races 
were  to  lie  laid  aside,  ami  from  that  time  forward 
they  were  to  work  together  a-  one  nation.  Now 
I  believe  that  practically  everybodj  has  accepted 
that  last  treaty  as  a.  basis  on  which  they  are  going 
to  work  out  their  future  destiny.  There  will  lie 
relapses,  but  I  believe  in  the  main  I  he  spirit  in 
which  that  last  treaty  was  entered  into  is  going 
to  be  observed  in  South  Africa.  Well,  that  gives 
us  a  basis  on  which  we  can  work  out  our  future 
destiny.  Now,  if  we  compare  ourselves  with  our 
neighbours  among  whom  we  find  oursi  Ives  in  the 
British  Empire,  with  those  three  great  self-govern 
ing  nations  with  whom  we  are  now  in  partnership 
in  the  British  Empire,]  think  we  see  we  have  si  me 
thing  different  in  the  task  which  lies  l"  fore  us  and 
that  which  lies  before  them.  We  share  with  Canada 


Australia  and  New  Zealand  tin-  problems  of 
internal  development,  we  share  with  them 
problem-  ol  defence,  problems  which  are  perhaps 
greater  than  anything,  pro  lems  of  Wringing  into 
closer  relations  the  different  parts  of  the  British 
Empire.  We  -hall  take  our -hare  of  that  burden, 
but  we  have  before  us  a  task  which  they  have 
not.  That  was  alluded  to  in  a  speech  in  which 
.Mi-.  Chaplin  proposed  this  toast,  namely  the 
question  of  population.  It  is  of  little  use  to  us  in 
South  Africa  a-  a  part  of  the  British  Empire  if 
we  work  out  all  these  other  questions  of  internal 
development  and  material  prosperity,  if  as  a 
people  we  are  going  to  be  a  small  minority  with 
an  overwhelming  number  of  an  alien  population 
who  have  a  standard  of  civilisation  rather 
different  from  ours  and  with  whom  we  can  never 
be  assimulated.  We  must  enter  the  British 
Empire  on  the  same  plane  as  Canada,  Australia 
and  New  Zealand.  U  that  is  an  impossible 
destiny  for  us,  then  our  -hare  in  the  future  of  the 
British  Empire  is  going  to  be  less  than  most  of 
us  hope  it  is  going  to  be.  There  are  conditions 
which  are  existing  now  which  have  got  to  be 
overcome,  if  that  destiny  is  to  beours.  for  one 
thing  we  see  great  blocks  of  land  in  South  Africa 
capable  of  bearing  rich  crops  which  are  wanted 
in  the  market-  of  the  world,  and  on  which 
Europeans  cannot  live  because  of  the  various 
diseases  existing  to  people  and  animals  there. 
Again,  we  see  in  tie  industrial  w<  rid  conditions 
existing  which  do  not  make  for  the  settlement  of 
a  permanent  population  which  invite  men  to 
come  here  and  leave  their  families  behind  them 
to  join  them  again  a-  soon  as  they  can.  Another 
thing  we  have  is  that  vast  alien  population  to 
which  1  have  alluded,  in  the  presence  of  whom 
we    see    that  uneasiness     sometimes  that   fear — 

and  whom  we  are  afraid  of  treating  justly,  be- 
cause we  know  how  mar  they  are  t"  ousting  and 
overwhelming  us.  When  we  have  righted 
matters,  perhaps  we  shall  We  able  to  d<  >  these 
men  justice  and  give  then:  the  conditions 
the\  oughl  to  have  in  this  country.  Now 
with  regard  to  the  first  of  these  problems  which 
I  mentioned.  It  seem-  to  me  that  science  will 
do  a-  much  ami  more  for  us  in  the  future 
than  it  has  done  in  the  past.  On  listening  to 
your  President's  speech  to-night,  it  was  borne   in 

Upon  me  that   for  a  scientific    man     there    was    no 

such  thing  as  impossibility.  There  is  no  reason 
why  we  should  despair  as  to  what  we  can  do  in 
the  future,  or  thai  those  parts  ol  our  territory 
which  aie  uninhabitable  to  Europeans,  will  con- 
tinue to  be.  And  the  -,ime  thine  will  a]>pl\  to 
the  industrial  conditions  I  spoke  of.  In  regard 
to  other  questions  such  as  the  native  population, 
I  do  not  see  that  we  should  despair  a-  to  our 
statesmanship.      It    seems   to  me   that  there  is  a 
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problem  more  difficult  than  any  similar  problem 
in  any  other  part  of  the  world,  but  there  is  no 
reason  why  we  should  sit  down  and  say  it  is  un- 
solvable.  I  believe  if  we  had  in  this  country,  as 
in  America,  a  basis  of  population,  we  should  be 
able  to  look  this  question  fairly  and  squarely  in 
the  face.  Now  I  should  like  in  mentioning 
these  problems  just  to  remind  you  that  in  ap- 
proaching them  we  should  do  so  with  the  idea  in 
front  of  us  that  we  are  going  to  make  this 
country  a  European  nation.  If  we  have  that  idea 
in  front  of  us,  and  keep  it  in  front  of  us,  then  it 
establishes  the  lines  on  which  these  problems  are 
to  be  approached.  Without  such  an  ideal  we 
are  floundering  in  the  dark.  With  such  an  ideal 
we  shall  attempt  to  solve  them  in  the  only  way 
it  is  possible  to  attempt  to  solve  them.  Now  it 
is  up  to  us  as  representing  the  scientific  and  in- 
dustrial population  of  this  country  to  take  the 
lead  in  the  solution  of  these  problems.  I  know 
as  it  has  been  said  before  this  evening,  that  in 
this  country  those  who  come  in  from  outside  are 
apt  to  feel  that  they  are  tolerated  rather  than 
welcomed  here.  It  has  generally  been  the  boast 
of  any  public  body  who  has  to  make  appoint- 
ments to  any  office,  that  they  have  been  very 
careful  not  to  appoint  anybody  from  oversea.  It 
is  generally  regarded  as  a  crime  to  ask  people 
from  oversea  to  come  and  fill  an  appointment 
here,  and  strange  to  say  particularly  in  regard  to 
education.  I  have  seen  various  members  of 
School  Boards  who  are  appealing  to  the  electorate 
for  a  renewal  of  their  support  declaretbat  they  are 
dead  against  the  policy  of  importing  teachers  from 
oversea.  Now  it  seems  to  me  they  should 
mention  that  in  a  spirit  of  repentance  rather  than 
of  self  glorification.  If  we  want  to  progress  it 
should  be  in  the  direction  of  education  and  learn- 
ing, and  if  there  is  one  way  to  education  which 
will  benefit  us  in  this  country,  it  is  in  being 
brought  into  contact  with  ideas  from  elsewhere. 
We  have  to  compete  with  the  education  of  the 
world,  and  should  have  the  best  education  in 
the  world  in  order  to  meet  that  competition. 
Now  I  think  that  we  ought  to  live  down  that 
state  of  things  in  this  country,  and  we  ought  to 
do  it  in  two  ways.  First  by  reflecting  upon 
what  we  have  already  done  in  this  country,  and 
secondly  by  the  spirit  in  which  we  approach  the 
problems  in  this  country.  If  you  compare  the 
country  as  it  is  now  with  wdiat  it  was  30  or  40 
years  ago,  surely  you  will  be  compelled  to  recog- 
nise that  a  great  part  of  that  immense  develop- 
ment is  due  to  men  who  have  come  in  from  else- 
where, and  brought  with  them  that  science, 
education,  and  training  which  they  have  gained 
elsewhere.  Not  only  in  this  vast  industry  on  the 
Rand,  where  things  mechanical  have  been  brought 
to  a  pitch  of  perfection,  but  in  the  sphere  of  agri- 


culture where  new  methods  and  innovations  have 
been  introduced  and  where  diseases  have  been 
exterminated.  There  you  will  see  the  spirit 
which  has  come  from  outside  and  which  would 
never  otherwise  have  been  developed  in  that 
period  of  time  if  all  who  were  not  natives  of  this 
country  had  been  kept  out  as  strangers  If  you 
will  look  on  that  record  of  progress  I  think  you 
will  see  that  the  incomers  to  this  country  have 
something  to  be  proud  of.  You  will  feel  that 
the  men  who  have  come  in  from  outside  have 
done  something  for  South  Africa.  You  will  find 
all  over  South  Africa  the  graves  of  men  who  have 
laid  down  their  lives  for  South  Africa  who  have 
come  in  from  outside,  men  who  have  broken  the 
power  of  Zulus,  who  have  broken  the  power  <>l 
the  Kafirs  in  the  Eastern  Province,  who  have 
made  this  country  fit  for  civilised  men  to  live  ii  , 
and  asked  no  reward  for  it.  I  think  on  lookii  g 
back  on  that  record  you  should  also  make  up 
your  minds  that  as  far  as  you  are  concerned  y<  a 
will  serve  this  country  in  the  same  spirit,  not  fi  r 
the  hope  of  reward  but  in  that  spiritof  service  to 
tht  Union  that  will  lie  for  the  good  of  the 
country,  thai  other  men  who  come  after  you  may 
reap  the  fruits  of  what  you  have  done.  That  is 
the  true  sense  of  patriotism,  not  the  man  who 
talks  a  lot  about  himself  and  does  little,  but  the 
man  who  is  prepared  to  serve  his  country 
obscurely,  even  if  no  one  but  himself  knows  it, 
without  hope  of  reward  or  recognition,  but  on 
lines  which  he  believes  will  be  best.  It  seems 
to  me  that  we  have  got  to  establish  our  claims  to 
this  country  by  serving  South  Africa  in  that 
spirit,  and  if  it  should  be  our  lot  to  dig  and  plant 
without  hope  of  seeing  the  harvest,  yet  if  we 
know  we  are  working  on  right  lines,  if  we  kn<  w 
we  have  a  practical  ideal  which  will  make  this 
country  better  than  we  found  it.  we  shall  have 
the  consolation  of  knowing  that  those  who  come 
after  us,  even  though  they  do  not  know  it,  will 
reap  the  benefit  of  what  we  have  done,  and  we 
shall  have  done  something  to  make  South  Africa 
one  of  the  great  new  nations  of  the  world. 

Mr.   Chas.    B.  Saner,  AR8.M,  M.I.M.M. 

(Vice-President  i,  next  proposed  the  toast  "Our 
Guests"  and  "  Kindred  Societies,"  saying  :  Mr. 
President,  Mr.  Mayor,  and  gentlemen,  it  is  my 
official  privilege  to-night  to  accord  a  hearty  wel- 
come on  behalf  of  our  Society  to  our  guests  and 
the  representatives  of  kindred  societies  When 
I  look  round  and  see  the  many  distinguished 
men  sitting  near  our  worthy  President,  men  of 
science — I  will  not  say  men  of  letters  as  I  do  n<  t 
know  whether  there  are  any  here,  men  of  law, 
masters  of  commerce  and  finance,  I  realise  h<  w 
fortunate  we  are  in  having  such  distinguished 
guests   to-night.      I   feel    that   in   having  all  the 
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representatives  of  our  kindred  .societies  present 
to-night  we,  as  a  vigorous  and  straight  talking 
society,  should  appreciate  it.  I  will  not  dilate 
on  the  various  short  coinings  of  the  other  societies 
but  I  may  speak  about  the  premier  society  here, 
the  Town  Council.  It  used  to  be  called  the  gas 
society,  not  on  account  of  the  gas  engines,  but  <>n 
account  of  the  amount  of  gas  they  used  in  their 
deliberations.  But  thanks  to  our  Mayor  who 
pulled  the  finances  together,  who  is  one  of  the 
princes  of  finance,  we  may  say  that  our  Town 
Council  is  as  good  as  that  of  any  other  city  in 
South  Africa.  Then  we  come  to  the  Mine 
Managers  Association.  I  see  Mr.  Brodigan  over 
there.  That  Association  deliberates  on  Friday. 
They  are  but  few  in  numbers,  but  most  of 
them  can  give  us  the  sack  to-morrow.  Then 
comes  the  South  African  Association  of  Engi 
neers.  Some  few  years  ago  Johannesburg 
arrogated  to  itself  the  compliment  of  having 
more  brains  to  the  scpiare  inch  than  any  other 
city  in  the  world,  and  I  think  the  South  African 
Association  should  have  more  brains  per  member 
than  any  other  Society  in  South  Africa.  When 
ever  you  go  to  their  meetings  you  see  sage  nods, 
but  you  never  find  any  criticism.  We  then  come 
to  that  wonderful  society  who  call  themselves 
"Time  "the  Transvaal  Institute  of  Mechanical 
Engineers,  who  spend  a  lot  of  money.  Money  is 
no  object  to  them.  The  other  societies  are  too 
numerous  to  mention  and  we  can  only  hope  that 
in  the  near  future  most  of  the  societies  excluding 
our  own  will  amalgamate.  The  last  society  we 
have  got  here  and  which  has  just  come  into 
necessary  being  is  the  South  African  Institute  of 
Electrical  Engineers.  They  have  taken  on  a 
very  big  title,  and  have  a  very  big  job  before 
then.  Electrical  work  is  just  making  w.*\  on 
the  Eland  and  it  is  going  to  loom  very  largely 
before  us  in  the  near  future.  I  hope  they  realise 
that  they  have  not  simply  got  to  light  US 
here,  but   that    they  have   got    to    light    us     t,000 

feet  underground.  We  miners  and  engineers 
look  to  them  to  help  us.  If  they  give  US  the 
means,  we  will  provide  the  gold. 

Mr.  H.  Graumann  (Mayor  of  Johannesburg), 
responding  to  tin-  toast,  said  :  Mr.  President  and 
gentlemen,  1  have  in  the  first   instance   to   thank 

Mr.  Saner  for  the  kind  and  flattering  wa\  in 
which    he    has    proposed    the    toast    of    the  guests 

and  kindred  societies.  With  regard  to  the  latter 
I  think  I  will  leave  them  severely  alone,  as  I  find 
Mr.  Campbell  is  here  to  respond  on  behalf  of 
these  institutions,  and  I  hope  and  trust  and  have 
considerable  confidence  in  the  belief  that  he  will 
be  able  to  give  Mr.  Saner  jusl  as  much  as  Mr. 
Saner  was  able  to  wive  him.  With  regard  to  the 
premier   society,  1    propose   to  say  nothing  and  I 


believe  the  reason  is  obvious.  There  is  one  other 
thing  I  would  like  to  tell  you,  and  that  is  this, 
that    whilst   I    appreciate,    and   appreciate    very 

highly  indeed  on  behalf  of  the  guests,  the  kind 
hospitality  which  has  been  extended  to  them 
to-night  and  for  which  I  am  truly  grateful,  1  do 
not  propose  at  this  late  hour,  after  having  had 
the  pleasure  and  privilege  of  listening  to  such 
eloquent  speeches,  either  to  worry  or  weary 
What  I  would  sa j  is  this.  I  paid  special  attention 
to  one  of  the  observations  that  was  made,  1 
believe,  by  Mr.  Duncan  with  reference  to  South. 
Africa  when  he  said  that  the  future  lay  before  it, 
and  I  might  say  in  the  same  Irish  manner,  that 
the  future  of  this  Society  lies  before  it,  that  a 
verj  great  deal  will  depend  upon  the  capacity  and 
power  of  its  members,  as  well  as  on  the  members 
of  other  kindied  societies,  to  increase  the  opera 
tions  of  this  country.  T  thank  you  from  the 
bottom  of  my  heart  for  the  extremely  kind  way 
in  which  yon  have  received  and  entertained  your 
guests  to  night. 

Mr.   C.   W.    R.  Campbell   (President,  S.  A. 
Institute  of  Electrical  Engineers  I  also  responding, 

said  :  A  few  days  ago,  more  by  accident  than 
otherwise,  I  was  accompanying  an  eminent 
member  of  my  own  profession  in  a  tour  round  the 
reduction  works  and  surface  plant  generally  of 
one  of  our  largest  mines.  He  was  shown  everj 
thing  from  the  ore  coming  up  the  shaft  to  the 
little  bar  of  gold    pioduced,   which  represented 

approximately  one  da\  's  production,  a  id  the  thing 
which  will  always  appeal    to  me  about    that    was 
the  enormous  disproportion  between  the    on     _ 
up  iii    the    mass    and    the   actual    amount    of    the 
finished  product.      I  think  it  is  one   of   the 
wonderful    achievements    of    modern    times.      It 
deserves    to    rank    with    the    wonder.-    of   modern 
science    and    ir    is    the  mining  men.  chemists  and 
metallurgists  of  South    Africa   who  have   I 
us    how    to    achieve    that     economically      and 
efficiently.  Mr.      Hamilton     mentioned     about 

scientists  sighing  for  new  world.-,  to  conquer. 
During  the  last  few  weeks  it   has   been   my  mis 

fortune    to    travel    a    great   deal  up  and  down  the 

reef  in  very  windy  weal  her,  and  it  strikes  me 
very  forcibly  that  there  is  a  world  to  conquer 
there,  that  our  engineers,  chemists  and  metallur- 
should  find  some  waj  of  disposing  of  these 
dusty  by  products,  either  by  making  some  I 
them  or  by  putting  them  back  where  thej  came 
from. 

Mr.  Lionel  Phillips,  in  proposing  the  health 
of    the     President,    said  :     Mr.     Presid<  n1 

gentlemen,  when   I  came  here  to-night    I    thought 
it   would  be   my   privilege   for  one  at    lea 
enjoy  m\   dinner  without  having  the    exertion    of 
a  speech,   1  am  fortunate  however  in  bei 
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upon  at  this  late  hour,  for  1  am  sure  it  is  not 
your  desire  any  more  than  mine  that  I  should 
make  a  speech,  but  it  gives  me  an  opportunity 
of  saying  something  which  at  this  hour  we,  are 
all  pleased  to  have  and  that  is  the  toast  of  the 
President.  Before  I  do  that,  perhaps  as  everyone 
before  has  dwelt  upon  the  necessity  of  increasing 
the  population  of  this  country  it  would  not  be 
fitting  that  I  should  sit  down  without  saying 
something  on  the  subject.  According  to  modern 
theory  it  is  believed  to  be  possible  to  bring  into 
contact  inorganic  elements  and  produce  living 
bodies,  and  I  therefore  suggest  that  as  you  have 
in  this  place  a  great  many  inorganic  elements, 
and  Mr.  Campbell  complains  of  their  flying  about 
somewhat  inconveniently,  you  may  in  the  course 
of  your  studies  perhaps  find  a  means  of  bringing 
that  powdered  material  together  and  producing 
the  population  which  we  need  so  much.  I  do 
not  propose  to  encroach  upon  your  time  to-night 
and  will  ask  you  to  rise  and  drink  heartily  to  the 
health  of  your  Chairman,  who  has  presided  so 
very  ably  to-night. 

The  President  responding,  said  :  Gentlemen 
I  am  sure  I  need  not  detain  you  any  more  than 
simply  to  thank  you  very  much  for  the  kind 
way  in  which  you  have  honoured  my  health. 
My  Presidency  of  your  Society  has  given  me 
a  great  deal  of  pleasure,  and  I  am  pleased  to  see 
how  much  my  efforts  have  been  appreciated  as 
shown  by  the  kind  remarks  regarding  your 
Society  this  evening. 

The  singing  of  the  National  Anthem  brought 
the  proceedings  to  a  close. 

Notices  and  Abstracts  of  Articles  and 
Papers. 


CHEMISTRY. 

Separation  of  Vanadium,  Molybdenum,  Chro- 
mium and  Nickel  in  Stekls.— "The  metal  is  dis- 
solved in  hydrochloric  or  nitric  acid.  The  solution 
is  heated  to  boiling,  and  a  huge  excess  of  strongly 
alkaline  solution  of  sodium  hypohromite  added  ;  it  is 
then  boiled  for  some  minutes  and  filtered  through  a 
plug  of  cotton.  The  precipitate  of  iron  and  nickel 
(with  any  cobalt  and  manganese)  peroxides  is  dis- 
solved in  dilute  hydrochloric  acid  and  the  filter  well 
washed  ;  the  precipitation  by  hypohromite  is  repeated 
(to  separate  any  traces  of  chromium,  molybdenum, 
and  vanadium  retained  by  the  original  precipitate), 
the  precipitate  filtered  oil'  and  thoroughly  washed. 
The  iron  and  nickel  can  then  he  separated  from  one 
another  by  means  of  ammonia.  The  chromium  in 
the  filtrate  is  reduced  by  alcohol  and  precipitated  by 
ammonia,  and  the  molybdenum  and  vanadium  can 
then  he  separated  by  any  of  the  usual  methods, 
preferably  that  of  Camot  (Cmptes  rani,  dune  27, 
1887),  as  manganese  vanadate. " — E  Pozzi-Escot, 
Comptes  rend.,  1909,  149,  11311132.  Journal  of  the 
Society  of  Chemical  Industry,  dan.  .SI,  1910,  p.  92. 
(A.  W.) 


Solvent  Effects  of  Fkkric  and  Cuiric  Salt 
Solutions  ox  Gold.— "Gold  is  soluble  in  hydro- 
chloric acid  solutions  of  iron  alum  and  cupric  chloride. 

If  the  concentration  of  the  acid  or  salt,  be  increased, 
solubility  of  the  gold  is  increased.  The  rate  of  the 
solubility  increases  more  with  an  increase  in  concen- 
tration in  acid  than  with  an  increase  in  concentration 
of  the  salt.  This  is  more  noticeable  in  the  case  in 
which  a  copper  salt  is  used.  With  a  change  of  tem- 
perature from  MS—  43°  C.  to  9S°— 100'  C,  the  rate  of 
solubility  is  increased  seven  times  in  the  presence  of 
an  iron  salt,  and  thirty-two  times  in  a  cupric  chloride- 
solution.  Ferric  salts  act  as  a  solvent  in  the  presence 
of  ferrous  salts,  but  the  solubility  of  gold  is  decreased 
if  the  concentration  of  the  ferrous  salt  be  increased. 
Heme  in  precipitating  gold  by  ferrous  sulphate,  a 
rather  large  excess  of  the  reagent  should  be  used, 
and  the  mixture  allowed  to  cool  before  filtering. 
Tables  of  solubilities  are  given.  A  solution  contain 
ing  1  grm.  of  iron  as  iron  alum,  and  25  c.c.  of  hydro- 
chloric acidin  125  c.c.  of  water  dissolved  1  mgrm.  of 
gold  in  16  hours  at  3S— 43J  ( '.  and  -2  0O  mgrm.  in  185 
hours."  -  W.  J.  McCAUGHEY,  Journal  <>f  tin 
American  Chemical  Society,  1909,  ■  '•!.  1261-1270. — 
Journal  if  the  Society  of  Chemical  Industry,  Jan.  31, 
1910.  p.  92.     (A.  W.) 


Purification  of  Watee  Supplies  by  the  Use 
of  Hypochlorites.— "The  water  supply  of  Jersey 
City  was  treated  during  December,  1908  with  bleach- 
ing powder  in  amount  sufficient  to  yield  0"03 grain  of 
available  chlorine  per  gallon  of  water,  and  since  that 
date  with  a  less  amount.  Daily  tests  made  during 
the  month  mentioned  showed  that  the  number  of 
bacteria  was  reduced  from  an  average  of  559  per  c.c. 
in  the  raw  water  to  an  average  of  2  7  c.c.  in  the 
water  after  treatment,  and  that  no  excess  of  hypo- 
chlorite remained.  It  was  found  experimentally 
that  I  he  amount  use,i  was  also  sufficient  to  kill  ail 
members  of  the  B.  coli  group  present.  Filtration 
was  necessary  to  remove  any  natural  opalescence  in 
the  water,  but  the  bleaching  powder  treatment 
rendered  the  supply  bacterially  safe  at  a  moderate 
cost.  Instead  of  bleaching  powder,  sodium  hypo 
chlorite  obtained  by  electrolysing  a  solution  of 
common  salt  may  be  used,  the  disinfecting  effect 
being  the  same." — W.  P.  MASON,  Proc.  American 
Philosophical  Society.,  48,  No.  191.  Chemical  Netcs, 
1909,  W0,32\.—  Journal  of  the  Society  >>f  Chemical 
Industry,  dan.  1,  1910,  p.  107.     (A.  \Y.  1 

\\  vlysis  of  Phosphoe  Bronze.— "  The  analysis 
of  phosphor  bronze  presents  some  little  dilliculi\ 
owing  to  the  fact  that  on  dissolving  the  alloy  in 
nitric  acid  the  phosphorus  is  found  with  the  tin  in 
(hi'  insoluble  residue,  or  in  the  case  of  alloys  rich  in 
phosphorus  partly  in  the  tin  oxide  residue  and  partly 
in  the  copper  solution.  The  tin  may  be  separated 
from  the  phosphorus  in  the  insoluble  residue  by  fus- 
ing with  potassium  cyanide,  digesting  the  fusel 
mass  with  hot  water,  filtering  off  the  metallic  tin, 
destroying  the  cyanide  in  the  nitrate,  which  contains 
the  phosphorus  as  phosphate,  by  boiling  with  hydro- 
chloric acid  and  estimating  the  phosphorus  as  phos- 
phomolybdate.  This  method,  «lthough  e,i\ dug  reliable 
results,  is  long  and  somewhat  tedious,  and  the 
following  method,  which  was  found  to  be  reasonably 
accurate  and  much  quicker,  was  adopted  in  analysing 
most  of  t  he  latter  alloys  : — 

The  phosphor  bronze  (0*5  to  2  grin,  depending  on 
percentage  of  phosphorus)  is  weighed  out  into  a 
10-OZ.  beaker,  20  c.c.  of  cold  saturated  solution  of 
potassium  chlorate.     Boil   until  all    the  alloy  is  dis- 
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solved  more  potassium  chlorate  being  added  in  the 
form  of  crystals  if  necessary,  and  all  chlorine  is 
driven  off.  The  solution  is  then  diluted  with  about 
an  equal  bulk  of  water,  and  pure  granulated  zinc 
added  until  all  the  copper  ami  tin  are  precipitated 
ami  no  further  deposit  is  observed  on  a  piece  of  clean 
zinc  foil  placed  in  the  liquid.  The  deposited  metals 
are  then  filtered  off,  washed, transferred  ton  beaker, 
dissolved  in  nitric  acid,  ami  the  tin  determined  as 
Sn02.  The  phosphorus  is  determined  in  the  filtrate 
as  phospho-molybdate  in  the  usual  way."— Hudson 
and  Law.  —  Institute  <>f  Mitels,  Jan.,  1910. 
(A.  McA.  J.) 


Assay  of  Industrial  Gold  Assays.— "  Buttons 
■containing  from  20%  to  40%  of  silver  have  a  greenish- 
yellow  tint,  but,  when  the  silver  amounts  to  50%, 
the  yellow  tint  is  scarcely  perceptible.  With  more 
than  50%  of  silver  the  buttons  are  silver-white. 

The  iuquartation  is  hest  effected  by  cupellation 
with  the  smallest  convenient  quantity  of  lead.  The 
practice  of  alloying  the  silver  by  means  of  the  blow- 
pipe is  to  be  deprecated. 

The  results  obtained  for  gold  by  this  indirect 
method  are  approximately  accurate  when  due  care  is 
exercised,  hut  they  are  invariably  lower  than  those 
obtained  for  the  gold  determined  in  a  separate  .assay 
piece  by  direct  cupellation  with  parting  silver. 

The  difference  is,  no  doubt,  partly  accounted  for 
by  the  fact  that,  in  the  latter  case  the  presence  of 
the  parting  silver  facilitates  the  elimination  of  the 
copper,  ami  also  helps  to  reduce  the  loss  of  gold. 

The  actual  differences  between  the  two  methods 
obtained  with  gold  alloys  of  vaiying  standards  is 
given  in  the  following  table,  compiled  from  results 
obtained  by  the  author  :  — 

Table  XIII.  —  Comparisons  of  Results  for  Gold 
determined  by  (1)  Single  Cupellation,  and  by  (2) 
Double  Cupellation  with  Parting  Silver  Direct. 


Approximate 
Standard  of 

Alloys. 

Single 
Cupellation. 
Gold  Direct. 

Double 
Cupellation. 
( told  fndii  ect. 

Diff  rence. 

Part 
\w\  1,000. 

r 

381  9 

380  0 

-1-9 

374-0 

372-0 

2-0 

375-0    - 

376-0 

374-4 

-  1-6 

376-4 

375-9 

-0-5 

375-0 

372-5 

2-5 

I 

377-1 

376-3 

0-8 

5000 

467-1 

407  0 

-0  1 

5:57  ■( » 
4993 

536  2 

4977 

-OS 

'    1  •() 

199  8 

497-7 

-21 

625  0     ( 

628-5 
625*7 

627-0 
623  3 

L-5 
2-4 

750-0     ] 

7526 
7503 

75 1  1 1 
749-4 

Mi 
0-9 

9166     ] 

918  0 

9171 

917-3 
9167 

-<)-7 
-0-4 

From  the  experiments  tabulated  above,  it  will  be 
evident  t  hat,  in  t  he  hands  of  an  inexperienced  assayer, 
the  results  obtained  for  the  determination  of  the 
gold  and  silver  by  the  double  cupel lati tethod 

may  he  far  from   accural  c,  ami,  since    the    losses  and 

gains  previously  detailed  are  dependent  on  so  many 

conditions,  it  U  always  necessary,  in  all  cases  where 
extreme  accuracy  is  desired,  to  use  checks.  This 
n ict, hod  of  double  cupellation,  or  •  Parting  Assay,'  in 

which  the  gold  and  silver  are  determined  in  the  same 

assay  piece,  is  largely  used  by  trade  assayeis  for  the 


valuation  of  leniel  bars,  etc.,  and,  in  the  hands  of 
experienced  assayeis  who  have  ascertained  the  hest 
working  conditions  for  the  particular  class  of  alloys 
with  which  they  have  to  ileal,  the  results  are  sufn- 
ciently  accurate  for  commercial  purposes. 

It  is  not  the  usual  practice  of  trade  assayer-  to  use 
checks  except  in  special  cases,  hut  it  may  be  remarked 
that  the  increasing  demand  for  greater  accuracy  in 
trade  assays  is  causing  checks  to  be  more  frequently 
used  than  was  formerly  the  case.  A  check,  consist- 
ing of  a  piece  of  plate  of  known  composition  ami 
of  similar  standard  to  the  alloy  being  assayed,  will 
meet  the  requirements  in  most  cases.  The  results 
recorded  above  show  to  what  extent  the  method  is 
reliable  when  checks  are  not  used.'* — E.  A.  SMITH. — 
Institute  of  Metals,  .Ian.,  1910.     (A.  McA.  .1.) 


METALLURGY. 

Measurement  of  Pi  lp  ami  Taii  inc.  "In  wet 
crushing  mills,  concentrators,  and  hydro-mttallurgi 
cal  works  it  is  often  desirable  to  measure  the  water 
and  ore  handled,  either  tin;  amounts  contained  in 
tanks  or  the  quantities  passing  in  a  given  time.  In 
some  mills  such  measurements  are  systematically 
made,  hut  in  others  the  amounts  arc  merely  guessed, 
or  they  are  measured  once  and  ever  after  assumed  t" 
remain  constant.  Discrepancies  between  'theoretical 
and  '  actual  '  recovery  are  due  to  errors  in  sampling 
and  assaying  the  material  before  treatment ,  added  to 
the  corresponding  errors  affecting  the  material  after 
treatment,  and  multiplied  by  errors  in  the  estimate 
of  tonnage  treated.  The  last  item  is  therefore  fully 
as  important  as  the  others  in  calculating  probable 
returns. 

Commenting  upon  South  African  pradi-e  (..  A. 
and  II.  S.  Denny  remark  :  '  The  returns  from  any 
given  mine  from  month  to  month,  and  the  averages 
which  are  used  as  comparisons,  actually  ref°r  to 
tonnages  which  may  vary  as  much  as  Hi  percent.'* 

The  measurements  im.st  frequently  required  are  : 
tonnage  of  sand  collected  in  the  tanks,  tonnage  of 
slime  in  suspension  in  vats  or  agitators,  ami  How  oi 
pulp  or  crushed  ore — the  last  often  involving  meas- 
urements of  water  as  well  as  of  solid  matter,  or  the 
ratio  of  water  to  solid,  and  of  time. 

Next  to  accept  ing  1  he  metric  system  in  its  entirety, 
it  is  most  convenient  for  practical  purposes  to  adopt 
as  units  to  the  ton  of  -J, nun  pounds,  the  cubic  foot, 
and   tin'  fluid  ton  of  32  Cubic  teet  —  the  lasl    1  icing    the 

volume  occupied  l.\  2  000 lb. of  water,  on  the  assump- 
tion that  a  cubic  foot  of  water  weighs  62-5  lb.       The 

fluid  ton  is  a  unit  that  has  been  tacitly  assumed  and 
used  for  years  in  connection  with   cyanide  work,    hut 

I  believe  that  it  has  not  been  thus  specifically 
defined. i 

As  it  frequently  happens  that  certain  measure 
ments  can  be  more  conveniently  made  at  mines  in 
troy  ami  metric  units,  a  sufficient  number  of  conver- 
sion factors  arc  given  in  an  annexed  table. 

Throughout    this   paper    the    word     'density'    i* 
applied  to  the  density  or  specific  gravity  of  thedry, 
solid  material  under  consideration,    while   '  gravity 
or  •  specific  grav  ily  '  is  applied  to  that  of  the  pulp  or 

mixture  of  water  and  solid.  This  arbitrary  distinc- 
tion U  made  simply  to  avoid  confusion,  which  Bonie- 
ti arises  when  the  one  term  is  applied  indiscrimin- 
ately. 

Journal  of  South  African  Association  oj    I  .   June 

fSince  this  paragraph  «;i~  written  W.  V  <  laldecotl  (thie 

108)  has  indirectly   denned   the  fluid  ton  in  the  same 
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Conversion   Table. 
I  crab,  ft 


1  cub.  in. 
1  litre 


1  fluitl  tun 


1  Imp.  gal 
1  U.S.  gal. 


1  ton 

1  lb. 

Ratios  luri,  ving   I 
1  cab.  ft.  per  niin. 
1  cub.  in.  per  niin. 

1  cub.  ft.  per  sec. ... 

I  cub.  in.  per  sec 

1  U.S.  gal.  per  niin. 


/  'nils. — 

1.72s  cub.  in. 
=28,340  cc.  (g;n.  of  water). 
=  625  lb.  water  =  7'5  U.S.  gal. 
-  6  25  imp.  gal. 
=  16-4  cc.  =0  03017  H>.  water. 
=  1,000  cc.  =00353  cub.  ft. 
=  2-2046  lb.  water. 
=0  2645  U.S.  gal. 
=  82  cub.  ft.  =2,000  U>.  water. 
=  907  litres  =  0*9o7  cub.  metre. 
=  2411  U.S.  gal.  =200  Imp.  gal. 
=  10lb.  \vater=0  005  fluid  ion. 
=  8-33  1b.  water =0  1338  cub.  ft. 
=  3775  5  cc.      ;';    lin|).    gal. 
=  230  4  ful).  in.  approx. 
=  2,000  lb.  =907  kg. 
=29,166  6  oz.  troy. 
=  453-6  gin.  =  l4-583  oz.  troy. 
iiiii  .  — 

=  4")  fluid  tons  per  day. 
=  ■:  cub.  ft    or0  8333 cub.  ft.  or 

<i  25  U.S.  gal.  per  day. 
=  2.700  fluid  t'Uis  per  day. 
=  40  miners  inches. 

50  cub.  ft.    per  day. 
=  6  fluid  tons  per  day. 


1  Imp   gal.  per  niin. 

Ill),   per  sec 

1  ion  per  day 

1  fluid  ton  per  day 


1  miner's  inch 


1  litre  per  sec. 
I  gm.  per  sec. 


Miscellaneous 

1  lb.  per  cub.    It. 
Specific  gravity 


7'2  fluid  Ions  per  day. 

l.'i  2  Ions  per  (lay. 

1  3889  II).  per  niin. 
=  0  0231.)  II).  per  sec. 
=0-1666  U.S.  gal.  per  niin. 
=0*1389  Imp.  gal.  per  niin. 
=  0  0222  cub    ft.  per  min. 
=0*0148  miner's  inch. 
=  l-50  cub.  ft.  water  per  min. 
=  67  5  fluid  tons  per  day. 

002.")  cub.  ft.  water  per  sec. 

95  24  fluid  Ions  per  (lay. 
=  190-5  lb.  per  day. 
=  0-09524  tons  per  day. 


=  16  gm.  per  litre. 
=  grams  weight  per  cubic  centi- 
metre. 
=  kilograms  per  litre. 
=  ions  weight  per  fluid  ton  of  32 

cub.  ft. 

=  lb.  weight  per  cub.  ft.  :<0'016. 

=  lb.  weight  per  U.S.  gal.  x0'12 

=  lb.  weight  per  Imp.  gal.  x0*l. 

Tonnage  of  Sand  in  Vats. —  The  tonnage  of  sand  in 

vats  tilled  by  settling  under  water  is  best  ascertained 

by  means  of  boxes  of  stout  sheet  iron   (conveniently 


i 

WEIGHT     OF    PULP     PER      CUBIC     TOOT    :      POUNDS    =»    62.5   P 

>S                     70'                    7s                    80                    g5                    90                    95"                  100 

•J-    ,     1 

T        I      '  I 

1 

. 

jn     *-    - 

x: 

l*r--J 

Z- 

1l- 

„^3 

■"  „ 

t        : 

3    "at 

/ 

r 

ir*! 

, 

r 

5-3 

/ 

o^b 

-t_ 

-,£-.£ 

/ 

Jt 

3*3C 

1/ 

^  IA0 

ft        : 

/i     / 

> 

It 

*/i.  / 

z        / 

it        : 

*       /» 

zt 

'     y 

- 

J 

"/       <T 

'      A 

13      zt 

:4     -- 

3?352- 

<t  •} 

^    ; 

130 

_3 

TT 

^7 

4^ 

J 

I 

j\/ 

7!     !    i 

* 

") 

/     ^f 

i"  / 

a.  - 

=  f       - 

. 

£ 

^    & 

4.  1  1  1  . 

-    120 

__!fc_. 

- 

74= 

—  "&--  = 

'--H-- 

I 

*     < 

/ 

rv 

J 

'^ 

' 

ii 

$ 

/  0 

_    MO 

n      : 

' 

/  p  \       j 

"i»  /      ""  71       1 

T     Zt 

! . , 

' 

/  /        / 

/ 

-0  4 

<          ^ 

b  iS 

j 

r?                    j 

lZ      z        zt 

10 

-    4-T 

_L 

(. 

p 

V  ' 

-r     -LJ)  * 

/—     *            -A 

H — 

IOO 

-i£i 

- 

- 

— - 

3=   ^:z 

-X          -4 

=   ^^ 

2  0-26 

B; 

__/ 

i        V 

2                      Zt 

K 

~  D2I 
90 

-L    1.  % 

/ 

1  L  y 

/■^                  zt 

^  -- 

9 

• 

_, 

-Lv'^.    ^ 

/]  v 

---¥'- 

^ 

ip"  /      / 

^  1  -c 

\\ 

y'          / 

.  t-^fi 

44 

-P- 

+ 

* 

.- 

/ 

f*1^   y 

=tqj 

^>T^r  _ 

8 

===i- 

_> 

- 

.-4. 

- 

<j 

--I — 

e5?-z~: 

-  -r^P,t?K  4-^° 

^^1  iii 

_     80 

Z 3tL 

■  - 

1 

~it,'~ 

b" 

"IT" 

U"^^'^: 

:       =£ 

1         y 

n 

*>   ,. 

-  -r  ,. 

»  -    u-^1*          I 

1 

•  - 

..^      '  ■»'*' 

: 

5_ 

(?_ 

■+-/- 

c* 

V 

/        t>-^ 

-    7° 

u 

A  ^ 

v*   r 

[J 

z 

«, 

'  I-' 

^-'4-'^ 

| 

N  V 

.* 

• 

,' 

Ji 

-r  ^  «i^ 



\ 

"• 

_|'V_ 

- 

-4= 

^Z^^zrl 

=-=4-L 

zt 

"A 

N 

,* 

— 

- 

•V 

r, 

— V,' 

^2 

,-.:-y- 

-B-2  8 

,• 

A 

\a  ■' 

Sl. 

--    T 

.  . 

'  - 

\.y " 

:       1 

5 

-4- 

-fV 

- 

- 

' 

4 

- 

-~ 

'" 

1* 

1" 

-^    iia-       it,*1" 

L 

.  50 

v; 

^v 

r~- 

j 

'\ 

^ 

?_ 

1 — ^-~=—- 

p>L''     "1 

—  r-zb 

VV. 

• 

S-^-^^SEd 

P        | 

1 

4 

>[  1 

^ 

^    ..o-t*-  q 

AO 

. 

t- 

B? 

=  D2fc 
=  028 

^ 

s  A 

rf-u 

Ta*r  t* 

s 

1 

' 

j* 

3 

t  ' 

i«4- 

>Jb^-     ~.-^^- 

v-     30 

-  ' 

■ 

.«»j*  ~ 

"Tt^ 

- 

s 

s 

- 

"*    *  '" 

S| 

s 

.  *  ^c 

- 

'L'« 

L? 

a 

S~  ^ 

' 

1 

-     20 

lz 

jf 

' 

-  -^Is 

_ 

— s> 

rr^~*~ 

-i3=!__ts=  -4-~ 

=  D=i« 

-^SZE±_ 

--±5 

_        2  ° 

0    " 

4 

:± 

r 

_±       -lE-1 

+±:zt; 

_       O 

to 

MO                                1-2.0                             130                              I^O 
P     •     SPECIFIC      GRAVITY      OF      PULP        OR.         HVOROMETI 

ISO                           16 
.f<      RCAOINO 

Ratios  of  solid  and  liquid  in  pulp  containing  solids  of  density  2*6  and  2*8. 


June  I914J 


Notices  and  Abstracts:   Metallurgy. 


471 


made  of  exactly  one  cubic  foot  capacity,  but  in  any 
case  accurately  measured,  having  a  number  of  small 
perforations  in  the  bottom  and  provided  with  Bandies. 
'Several  of  these  are  placed  in  the  vat  at  various 
stages  of  the  tilling,  and  are  allowed  to  remain 
throughout  the  treatment.  While  the  vat  is  bein<; 
-discharged  these  are  carefully  removed  and  '  sti  nek  ' 
level;  the  contents  are  then  dried  and  weighed, 
giving  the  pounds  of  dry  solid  per  cubic  foot.  Several 
charges  should  be  thus  tested  and  averaged  to  obtain 
a  constant  value  for  the  ore  or  tailings  treated.  It 
is  desirable  to  place  some  of  these  boxes  near  the 
•entre  and  others  near  the  periphery  of  the  vat,  so  as 
to  represent  vacations  in  horizontal  as  well  as  vertical 
distribution.  The  mean  weight  per  cubic  foot  and 
the  volume  of  sand  in  the  charge  give  the  total  weight 
•f  sand.  While  rectangular  boxes  are  often  used,  a 
cylindrical  form  is  preferable,  as  being  less  liable  to 
deformation. 

The  Leupold  sand-sampler  is  a  short  sheet-iron 
cylinder  open  at  the  ends,  one  of  which  is  provided 
with  a  cutting  edge  and  the  other  with  handles. 
During  the  the  discharge  of  a  vat  this  is  thrust  into 
the  sand,  the  lower  end  being  closed  by  a  sharpened 
steel  plate  introduced  from  the  side.  The  sand  thus 
removed  is  dried  and  weighed  :  then,  the  volume  of 
the  cylinder  being  known,  t lie  weight  per  cubic  foot 
is  determined,  a  round  tin  can,  having  the  closed 
end  punctured  to  allow  the  air  to  escape,  can  he 
used  in  the  same  way  with  fairly  accurate  results. 

According  to  Caldecott  I  the  tailings  on  the  Hand 
have  a  density  of  2'7,  and  a  ton  of  'collected'  sand 
occupies  21 -5  cub.  ft.  :  of  '-leached'  sand,  24  cub. 
ft.  ;  and  transferred  sand,  26  cub.  ft.  :  These  corres- 
pond respectively  to  93,  83"3,  and  76\S  dry  pounds 
per  cubic  foot. 

Volurrn  of  Vats.  —  In  estimating  the  cubic;  content 
of  a  round  val  several  diameters  should  be  measured 
(preferably  three  or  four  making  equal  angles  with 
each  other  at  about  the  middle  depth),  and  tor  the 
greatest  accuracy  a  similar  set  of  measurements 
should  he  made  near  the  bottom  and  another  near 
the  top,  the  arithmetic  mean  of  all  the  diameters 
measured  being  used  in  the  computation,  [n  suppos- 
edly cylindrical  wooden  vats  of  over  25  ft.  diameter, 
differences  of  6  in.  or  more  may  be  found,  due  to 
impel  feci,  construction,  to  settling,  or  to  unequal 
shrinkage  of  the  stave*,  owing  to  their  upper  port  ions 
bein^'  intermittently  dried  while  the  lower  ends 
remain  wet. 

It  1)  he  the  internal  diameter,  and  H  the  depth,  in 
feet,  of  a  cylindrical  tank,  the  volume  is  0*7854  D'-'ll 
cub.  ft.,  0  024544  DTI  fluid  tons,  589  .D'll  United 
States  gallons,  or  4908  D'-'M  imperial  gallons 

In  measuring  such  a  vat  an  error  of  one  inch  in  the 

mean  dii iter  makes  a  difference  of  013    I'll    cnb. 

ft.  in  the  apparent  volume — causingan  error  of  about 
40  cnb.  ft.  in  a  vat  40  8ft.,  or  l>">  cub.  ft.  in  one 
.10      HI  ft. 

Datum  Marks  In  vats  usually  filled  to  about  the 
same  depths  it  is  convenient  to  establish  a  permanent 
mark,  such  as  a  nail  or  cleat,  at  a  point  near  the 
average  level  of  the  surface  of  the  sand   or  solution, 

and    to  determine  exactly  tic  volume  <<r  capacity 

when   filled  to    that     datum.         A     correction     is     then 

calculated  for  an  inch  variation  in  depth  ;  this  can  be 
i n-t an 1 1 \  applied  when  tie  deviation  of  level    from 

the  datum  has  been  measured  witli  a  title. 

For  instance  suppose  a  round  val  with  9  ft.  staves 

ii.  Leupold,  this  Journal,  Ncn  1904  \  core-sampler,  for 
estimating  the  tonnage  of  slime  in  collecting  \  ;tt  ^.  is  described  in 
the  same  paper. 

t  '  Capabilities  of  circular  tanks,'  this  Journal,  Oct.  1908. 


and  averaging  ."'.s  ft.  !i  in.  diameter  is  commonly 
filled  to  about  s  ft.  deep  with  sand,  averaging 83'3 lb. 
dry  per  cub.  ft.  The  bottom  area  is  t,  179-3  sq.  ft., 
which  give-<  11793     833  :  2,000= 49T2  tons  per  sand 

pei  toot  or  depth,  or  nearly  400  tons  for  8  it.  Foi 
exactly  400  tons  the  datum  mark  must  he  placed  at 
a  point  400-r49*12  <>r  Sit  ft.  from  the  bottom.  Also 
49-12-:- 12  -41  tons,  or  approximately  4  tons,  which 
is  the  correction  to  'ie  added  or  subtracted  for  every 
inch  deviation  from  the  mark  established. 

Interstitial  Space.  The  interstitial  space  in  settled 
sands,  or  in  slime  filter-cake  i-  sometimes  important 
It  varies  with  the  mode  of  settling,  a  given  Band 
settled  under  water  having  more  voids  than  the  same 
sifted  dry  into  a  vat.  while  either  is  reduced  by 
vibration  during  the  process  of  filling.  .Maximum 
interstitial  space  is  attained  when  material  in  a 
moderately  moist  condition  is  introduced  by  shovel! 
ing  or  by  a  suitable  dist  ributor,  a-  is  well  known  to 
those  who  have  practised  the  Plattner  process  of 
chlorination  in  vats. 

If  a  vat  filled  with  tailings  contains  »  per  cent. 
total  interstitial  space,  then  the  speed  of  the  solution 

percolating  through  it  will  be —times  the  'leach- 
ing rate  '  observed  at  the  surface.  Foi  instance,  if 
the  leaching  rate,  or  fall  of  surface  id"  the  solution 
covering  tie-  charge  of  tailing,  is  two  inches  per  hour, 
and  the  interstices  form  40  of  the  volume,  then  the 
speed  of  the  solution  decending  through  the  charge  i- 
100 
^q  x 2,  or  5  in.  per  hour.     At  this  rate  a  charge  of 

sand  S  ft.  or  69  in.  deep  will  take  approximately  19 
hours  to  drain  ;  also,  if  wash  water  is  run  upon  such 
a  charge  of  sand  while  it  is  saturated  with  solution, 
the  strength  of  the  effluent  solution  will  drop  rapidly 
after  about  19  hours,  provided  the  material  is 
uniformly  distributed. 

In  settled  sand  the  interstice-  may  range  from 
about  15  to  55'  :  uniformity  of  grain  and  freedom 
from  line  material  tending  bogive  the  higher  value. 
Spheres  of  equal  size,  however,  if  packed  as  closely 
as  possible,  leave  only  2b  per  cent,  voids  :  if  of  two 
or  more  selected  sizes,  an  even  less  percentage  may 
be  obtained  ;  hut  such  conditions  do  not  occur  in 
practice,  fine  slime,  collected  in  a  filter  pressor  by 
settling,  may  show  as  high  as  7">  interstitial  space 
when  determined  in  a  wet  condition.  Such  high 
results  are  probably  due  to  films  of  moisture  held 
by  capillarity  between  the  surfaces  of  the  particles. 

Interstitial  Space. 

W     .'jni.  material  in  100  cc.  (including  moisture). 

=  lb    per  cub.    ft.      I  ■(>. 
S       percentage  of  solid,  if  material  i-  wet. 
d       den-it  v  of  dry  solid. 
■        loud 
d      1 

///  Dry  Ma/'  rial ■ 
1 1)  Percentage  of  voids  or  inters!  ices 

=  l(iii     _ 
d 

In    Wet  Material  : 

Percentage  of  actual  voids  or  air-space 

S      ,d       I- 

inn    \      ,l     . 


(2) 
(3) 


loo     W    I 


LOO       W  1 1 


I 


Peicentage  of  total  inter-tics,  occupied   bj    air 
and  w ater 
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(4) 


(5 


=  100  -  , 

1U0  d 
Percentage  of  volume  occupied  by  water 

_W  x  percentage  moisture  _  W  ( 100  -  S) 


10U  100 

For  instance,  a  tailing  consisting  of  quartz  and  clay 

lias  a  true  density  of  25.  A  cubic  foot  of  the  settled 

material  contains  8075  lb.  dry  solid.  The  percentage 

of  voids  is  therefore  : 

80-75x1-6 
by   (1)  100-        2.5       =48-32% 

The  same  material,  settled  and  partially  drained, 
weighs  95  lb.  per  cub.  ft.  in  the  moist  condition,  in 
winch  state  it  is  found  to  contain  15%  moisture  or 
85%  solid  matter.  It  is  required  to  find  the  percent- 
age of  interstices  occupied  by  air  and  by  water. 

This  is  done  by  substituting  the  given  values  in 
formulas  (3)  and  (4),  the  value  of  /.•  for  density  2-5 
being  given  as  1667. 

S  =  85%.  W  =  95xl-6. 

85 
By  (3),  100-  (95  x  1-6)  (1  -  ,-7=^)25-52%  dry  airspace. 


By  (4),  100- 


(95  x  1  -6)  x  85 


166- 

=  48-32%  total  interstices. 


100  x  2-5 

The  difference  48-32-25-52  =  22-80%  space  occupied 
by  water. 

The    last    result    can    be    arrived    at    directly    : 
(95  x  1  -6)  x  15%   J22  80%   space  occupied  by 
100  water. 


By  (5), 


Slime  Collected  in  Filter  Presses. — The  capacity 
of  a  filter  press  is  most  accurately  determined  by 
blowing  the  charge  as  nearly  dry  as  possible  before 
opening,  then  selecting  a  certain  proportion  of  the 
frames  at  equal  distances  from  end  to  end  of  the 
press,  weighing  the  entire  contents  of  each  separately, 
and  taking  an  individual  moisture  sample  from  each 
frame  tested.  The  dry  weight  of  slime  in  each  is 
separately  calculated  and  the  average  multiplied  by 
the  number  of  frames. 

Another  plan  is  to  measure  the  total  volume   of 

water  issuing  from  the  press  during  filling,   or   to 

estimate  it  from  an  average  of  the  flow,  from  several 

of  the  outlets.     The  water  ratio  (R)  of  the  incoming 

slime-pulp  must  be  known,  and  also  the  water  ratio 

(M)  of  the  cake  formed,  where 

.    _  percentage  of  water  in  cake 

percentage  dry  solid. 

Then  the  following  relation  holds  good  : 

„  ,..       ,    .      ,   .      „..  Tons  effluent  water 

Ions  solid  retained  in   filter  =  r; — ™ — 

R-  M 

For  instance,  if  a  3  :   1  sludge  is  pumped  into  a  press 

and  28  tons  of  water  filter  out,  while  the  cake  formed 

40 
contains  40%  water,  whence  M  =  ^=0-666;  the  slime 

bO 

20 
filtered  out  weighs  when  dry  „ — ttssb-  =12  tons. 
J    3-0oob 

When  the  contents  of  the  press  are  sluiced  out,  or 
transferred  to  a  vat  or  agitator,  the  weight  of  charge 
may  be  estimated  in  the  first  case  by  a  measurement 
of  the  flow,  or  in  the  latter  by  measurement  of  Ahe 
slime-pulp  after  thorough  mixing  by  agitation. 

Material  collected  by  filters  of  the  Moore  type  may 
be  estimated  by  either  of  the  last  three  methods,  or 
by  means  of  a  '  pilot  '  or  test  frame  of  the  same 
dimensions  as  those  of  the  basket,  which  is  treated 
in  parallel  with  them  and  then  weighed  and  sampled 
for  moisture,  each  of  the  other  frames  being  assumed 
to  have  collected  an  equal  load." — W.  J.  SHARWOOD. 
The  Muting  Magazine.—  Nov.  '09.,  p.  226.     (J.  A.  \V. ) 


MINING. 

Tributing.— "  Tributing  to-day  is  used  in  differ- 
ent senses  in  different  localities  ;  in  the  following 
notes  I  mean  this  term  to  apply  to  any  party  of 
practical  miners  who  have  agreed  to  work  either  the 
claims  they  have  pegged  or  a  mine  which  is  fully 
equipped,  and  has  been  leased  to  tbein  by  the 
directors  for  a  period  of  years  on  a  royalty  basis, 
with  the  option  of  purchase  within  that  period  at  a 
stated  price.  This  is  in  direct  opposition  to  the 
system  of  tributing  in  Cornwall,  where  the  individual 
miner  or  party  take  a  pitch  for  a  short  time,  but 
where  the  company  continue  to  work  the  mine. 

Although  this  subject  may  be  summed  up  in  one 
word,  in  reality  it  embraces  every  detail  connected 
with  the  theoretical  and  practical  profession  of 
mining. 

There  are  many  so-called  tributors,  but  of  these 
few  possess  the  qualities  which  lead  to  success  ;  for 
in  order  to  ensure  good  results  cine  must  have  a 
thorough  grasp  of  the  working  details  of  at  least  one 
or  two  departments  of  this  intricate  business,  besides 
being  up  to  date  and  able  to  adapt  oneself  to  modern 
ideas  and  altered  circumstances,  and  appreciate  the 
advantages  they  carry.  To  be  a  hard  worker  i>  no 
recommendation  without  being  capable  of  working 
in  the  right  direction.  For  instance,  the  old-time 
prospector,  who  dins  and  delves  and  roughs  it  with 
the  best,  and  spends  much  time  in  cutting  trenches, 
but  who  is  unacquainted  with  the  first  laws  of 
geology,  and  can  do  nothing  with  a  theodolite,  nor 
supply  precise  data  as  to  the  dip  of  the  reef  ami  ton- 
nage of  ore  in  sight,  or  draw  a  plan  of  his  work,  is 
disappearing  from  the  mining  world  as  fast  as  the 
old  sailing  ships  are  leaving  the  sea.  So  the  tributor, 
unless  he  is  skilled — highly  skilled — and  a  well- 
trained,  practical  man,  can  never  hope  to  obtain  a 
return  for  his  capital  and  the  labour  he  spends  in 
this  direction. 

This  is  a  business  which  cannot  be  lightly  under- 
taken ;  it  involves  much  calculation,  besides  a  care- 
ful checking  of  all  results.  It  is  not  sufficient  that 
the  tributor  is  competent ;  his  assistants  must  also 
be  men  who  are  well  up  to  their  work.  To  crush  a 
few  tons  of  ore  and  carry  the  resulting  gold  to  the 
bank  sounds  quite  an  easy  performance,  but  when  it 
is  intended  to  carry  this  out  on  a  proti table  basis  it 
will  he  found  that  many  hitherto  unthought-of 
details  must  come  into  the  estimates  before  success 
can  be  attained. 

The  labour  question  naturally  comes  first.  Under 
this  heading  Mr.  R.  Hamilton,  in  the  address 
printed  in  The  Mining  Journal,  May  1,  writes:  'I 
have  laid  stress  upon  the  advantages  accruing  to  the 
workmen  from  the  contract  system,  without  dwelling 
upon  the  obvious  advantages  to  the  employer.  Ex- 
perience all  the  world  over  has  shown  that  while 
there  are  many  conscientious  men  who  under  any 
circumstances  give  their  best  services  to  their 
employer,  it  is  impossible  while  human  nature 
remains  as  it  is  to  expect  in  the  aggregate  the  same 
amount  of  work  and  intelligence  from  wages  men  as 
from  contractors.  1  know  it  is  urged  against  the 
contract  system  that  it  drives  a  man  to  put  forth  Ids 
utmost  energies,  or  even  to  overtax  his  physical 
strength,  but,  after  all,  very  few  men  die  from  over- 
work. In  the  whole  course  of  my  experience  I  have 
never  come  across  a  case  where  a  man  has  worked 
himself  to  death,  even  on  contract.' 

While  Mr.  M.  Francke,  in  his  report  to  the  Trans- 
vaal Government  in  September,   1907,  'advocates  a 
more  extended   use  of  mechanical  appliances — viz.,  . 
rock  drills,  and  also  those  used  for  the  transport  of 
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ore  in  stopes.'  He  is  also  of  opinion  thai  'the 
miner's  wage  be  reduced  to  £15  monthly.' 

Now  in  dealing  with  the  contract  system  versus 
wages,  it  is  well  known  (however  fair  one  may  wish 
to  be  towards  the  miner)  that  for  various  reasons  lie 
does  not  get  through  as  much  tonnage  when  working 
for  a  private  individual  as  when  he  lias  a  mining 
company  to  deal  with,  and  does  still  more  when 
working  on  contract. 

The  contract  system  encourages  competition  from 
the  most  highly  skilled  form  of  labour.  The  pay- 
ment of  wages  often  means  that  the  winker,  where 
the  tributor  is  concerned,  does  not,  owing  to  the 
impossibility  of  sufficient  supervision,  exeit  himself 
to  t  he  same  extent  as  when  engaged  by  a  corporation. 
Uetter  still  would  lie  a  system  of  co-operation,  for 
this  scheme  having  been  now  thoroughly  tested,  lias 
proved  itself  both  theoretically  and  practically. 

The  next  item  of  importance  is  the  machinery  to 
he  used.  Often  the  use  of  old  ami  obsolete  machinery 
spells  ruin  :  it  is  a  mistake  to  suppose  that  hecause  a 
battery  is  on  offer  at  an  upset  price  it  is  likely  to 
prove  cheap  and  economical  in  the  long  run.  The 
expense  of  long  stoppages,  which  are  likely  to  occur, 
must  he  considered,  also  the  cost  of  repairs  and 
renewals,  which  are  always  heavy. 

It  is  in  this  department  that  the  services  of  a  good 
engineer  can  save  so  much  in  the  purchase  of  suitable 
second-hand  machinery.  The  acquisition  of  old 
boilers  without  a  thorough  test  and  expert  advice  is 
a  mistake  :  should  the  tubes  leak,  the  expense  of 
repairs  and  unsatisfactory  nature  of  same  owing  to 
the  high  wages  a  hoilermaker  earns,  as  well  as  pos- 
sible trouble  with  the  boiler  inspector,  should  persuade 
one  to  purchase  this  portion  of  the  machinery  diiect 
from  the  makers.  Much,  however,  may  lie  done  in 
obtaining  other  mechanical  requirements  at  the 
broker's  yard,  when  often  they  are  in  quite  good  con 
dition,  and  purchasable  at  a  fraction  of  the  price 
quoted  when  new. 

Experience  has  shown  that  the  services  of  experts 
are  not  to  be  despised  ;  they  are  necessary  for  the 
success  of  an  undertaking  such  as  this.  .\  small  .  um 
spent  in  obtaining  the  services  of  a  consulting 
engineer,  surveyor,  sampler,  and  practical  mechanical 
engineer  may  eventually  save  hundreds  of  pounds. 

The  stoping  width  is  another  item  of  the  greatest 
importance.  Strange  though  it  may  appear,  it  is 
sometimes  cheaper  to  Btope  50  in.  than  12  in.,  even 
when  it  is  not  all  reef  matter.  So  much  depends  on 
local  conditions. 

In  making  an  estimate,  one  must,  not  forgel  to 
make  due  allowance  for  absorption  by  battery  plates 
and  cyanide  plant.  It  is,  of  course,  taken  for 
granted  that  a  thorough  sampling  and  measurement 
of  the  reef  has  preceded  everything.  Even  then  it  is 
agreal  risk  to  spend  capital  op  new  machinery  unless 

the  development  is  at  least  a  year  ahead  of  the  mill. 

If   this    condition   is  C plied    with,    ami    extraction 

tests  for  cyanidation  made,  nothing  i-  left  to  chance. 
Before  entering   upon    the   business  aspech,  it    is 

interesting  to  compare  the  tl ry  and  practice  of 

mining  as  show  n  by  Dr.  Voil  in  his  article  entitled 
■The  Genesis  of  the  Kami  Gold.1  Dr.  Voit  there 
states:  'In  the  microscopic  structure  there  is  not 
the  slightest  difference  to  he  found  in  the  features  of 
a  rich  banket  or  a  poor  banket.'  I  would  like  to 
say,  however,    that     with    the    naked    eye.   when    it    is 

trained,  bands  of  rich  and  poor  reef  cm  he  quickly 
discerned.  Their  features  arc  unmistakable.  This. 
however,  is  a  digression,  for  this  method  would  not 
1  e  sufficient ;  a  thorough  examination  of  the  mine  U 


desirable,  which  should  he  systematic,  and  all  assay 
values  properly  checked. 

In  an  article  entitled  '  A  Comparative  Survey  of 
Hand  Mining,'  which  appeared  in  the  Transvaal 
Leader,  the  author  speaks  of  '  the  outlook  which  has 
followed  upon  a  more  business-like  sj  stem  of  conduct- 
ing what  is.  after  all.  essentially  a  business  proposi- 
tion, vaster  in  its  scope,  of  course,  and  quite  different 
in  kind,  but  upon  economic  principles  much  the 
same  as  i-  t  he  making  of  candles  or  the  production  of 
coal  gas.'  In  tact,  ir  one  niemh-r  of  the  paitv  has 
not  had  a  thorough  business  training,  when  it  comes 
to  the  buying  of  mine  stores  and  supplies,  candles, 
dynamite,  etc.,  it  will  most  likely  be  lound  that 
inferior  goods  have  been  palmed  off  on  t  he  unsuspeel  - 
ing  buyer  for  which  he  has  the  pleasure  of  paying  an 
exorbitant  price.  The  necessity  for  keeping  a  com- 
plete set  of  hooks  and  woiking  out  the  daily  costs 
soon  becomes  very  apparent  ;  also,  the  faculty  of 
buying  everything  in  the  cheapest  market,  which  is 
consistent  with  the  quality  supplied.  Unless  the 
mine  is  started  on  a  good  business  footing,  its  future 
success  is  anything  but  assured.  The  rough-and- 
icadv  system  applicable  to  the  old  time  prospector  is 
not  lo  he  commended  now.  often  the  development 
is  so  small  that  the  future  values  are  quite  a  -pecu- 
lation, for  it  is  well  said  that  a  miner  cannot  seebeyond 
the  end  of  his  pick.  If  so  far  the  assay-  are  encourag- 
ing, it  is  far  better  to  put  in  a  little  development  work 
than  to  start  the  battery  and  tin-t  to  Providence. 

Another  point  is  that  costs  per  ton  on  a  small  mine 
can  never  compare  with  those  on  established  mines. 
The  machinery,  for  instance,  never  shows  the  same 
amount  of  efficiency  as  that  in  use  by  old-established 
corporations,  where  they  have  every  appliance  that 
mechanical  skill  can  devise  for  executing  repairs, 
and  where  much  capital  is  invested  in  spare  parts, 
renewals,  and  castings. 

Sufficient  notice  is  not  always  taken  of  the  fact 
that  cash  payments  mean  a  liberal  discount.  Ciish 
in  hand  is  required  for  emergencies  ;  such  things  as 
dykes  and  poor  patches  may  occur,  and  cam  shafts 
may  break,  for  which  all  due  provision  must  be 
made,  [t  js  the  details  of  expenditure  vv  Inch  accumu- 
late and  handicap  the  tributor.  As  one  cannot 
expect  to  reduce  the  expenses  to  the  level  of  the 
companies  working  on  a  largescale.il  isalways  wise 

lo    make    a     liberal    allowance,     and     to    estimate    the 

costs   of  development    on    a   liberal    basis    ami    the 

returns  on  conservat  i\  e  lines. 

It  would  no  doubt  be  of  great  benefit  to  the  mining 
community  generally  if  one  could  specify  t  he  amount 
>>i  capital  which  would  be  useful  or  necessary  for  this 
particular  branch  of  mining  work,  hut  really  this 
depends    so    much    upon    the    locality    in    which    the 

property  is  situated,  the  condition  of  the  machinery, 
the  width  and  value  of  the  reef,  water  supply,  etc.. 
and  also  whether  an  equipped  mine  is  to  he  taken 
ovei.  which  the  company,  owing  to  lack  of  capital 

and  inability  for  various  reason-  to   raise   more,  nave 

decided  to  lease  to  the  would-be  tributors,  or  whether 
claims  are  to  he  worked  on  which  no  machinery  has 
been  placed,  ami  onlj  a  fe«  prospecting  shaft-  have 
heei i  sunk.  This  is  certainly  the  crux  oft  he  question; 
hut  again,  information  on  this  subject  which  i-  only 
approximate  can.  I  tear,  serve  nouseful  purpose. 
In  estimating  costs  it  must  he  home  in  mind  that 

dealers    cannot     pive    the    same    term-    to    the    -mall 

purchaser  a-  to  the  buyer  for  a  big  combine.  While 
many  trihutors  have  reaped  handsome  profits,  this  js 

accounted    tor    by  the    fact    that     they    have    seen  the 

advantage  of  working  on  the  lines  herein  mentioned; 
there  an',  unfortunately,  many  instances  of  failure. 
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and  many  reasons  for  it.  In  one  case  known  to  the 
writer  the  work  was  begun  without  any  systematic 
sampling.  Two  assays  only  wen-  made,  ami  on  this 
basis  a  five-stamp  battery  was  started,  ami  a  sin-all 
KCN  works.  Besides  natives,  five  white  men  were 
employed,  the  chief  hi  ing  an  amalgamator  with  a 
slight  knowledge  of  nu  chinery,  but  who  had  never 
been  down  a  mine.  This  was  a  foredoomed  failure, 
and  showed  what  so  many  tributors  lack — viz..  a 
want  of  thoroughness  and  attention  to  business 
detail,  a  want  of  faith  in  the  mysteries  of  sampling 
and  assaying,  a  lofty  contempt  for  calculations  of 
any  kind,  a  burning  desire  to  purchase  and  make  use 
of  old  and  obsolete  machinery  because  it  is  Cheap, 
and  a  general  disregard  of  the  heavy  expenses  incurred 
in  the  cost  of  repairs  and  long  stoppages.  Mad  a 
little  foresight  been  shown,  and  careful  business-like 
supervision  been  accompanied  by  some  technical 
advice,  the  project  would  never  have  been  embarked 
upon  ;  the  venture,  in  fad,  like  many  others,  was  an 
instance  of  trusting  to  luck. 

Plant  in/'/  Development.  It  is  sometimes  argued 
that  tributors  have  no  expenses  under  the  heading  of 
plant  or  development.  This,  however,  I  maintain  is 
incorrect;  the  plant  must  be  renewed  and  kept  in 
running  order,  spare  parts  are  frequently  wanted, 
and  improved  machinery  must  be  put  in.  Develop- 
ment must  also  be  kept  up  if  the  agreement  is  to  be 
carried  on  for  any  length  of  time. 

Tributors  have  every  working  expense  a  large  con- 
cern has,  except  that  head  office  expenses,  including 
claim  licenses,  are  left  out;  hut  against  this  they 
usually  pay  a  royalty.  It  is  true  they  have  a  smaller 
capital  to  deal  with  on  which  to  pay  dividends  ;  hut, 
as  a  rule,  you  can  take  it  that  nosweeping  reductions 
can  he  made.  A  company  which  just  pays  expenses 
and  no  more  might  pay  a  tributor,  although  it  could 
never  make  a  proportionate  return  to  the  share- 
holders. On  the  other  hand,  the  tributor  cannot  buy 
so  well;  hut  as  an  offsett  he  works  harder,  and, 
having  his  own  interests  to  consider,  pays  more 
attention  to  details  and  allows  less  waste  of  materials. 

If  is  of  the  ut  most  importance  that  no  unnecessary 
riJ<s  he  taken,  and  that  all  things  are  as  definite  as 
possible.  The  policy  known  as  picking  the  eyes  out 
of  a  mine  is  a  fatal  one  ;  it  is  advisable  to  begin  as 
you  mean  to  go  on.  One  must  always  he  prepared 
to  meet  with  dykes  and  poor  patches  of  reef,  and 
make  all  due  allowances.  Nothing  can  he  taken  for 
granted,  everything  should  be  checked  and  worked 
out,  for  it  is  the  unexpected  that  happens,  at  least 
as  often  in  mining  as  in  any  other  business.  It  is 
well  to  know  the  richness  or  poverty  of  the  stopes, 
and  have  more  than  one  stope  working,  so  thai  the 
reef  may  be  averaged.  It  is  sometimes  said  that  the 
best  method  of  checking  the  mill  is  to  place  a  shovel 
below  the  discharge  point  of  each  battery  feeder  once 
an  hour,  which  gives  a  fail-  average  sample  of  the  ore 
being  crushed. 

The  system  so  often  practised  in  Rhodesiaof  work- 
in--  the  mine  as  Ion-  as  the  development  lasts  and 
then  seeking  pastures  new  does  not  commend  itself 
to  one  who  is  more  ambit  ious,  or  is  desirous  of  carry- 
ing on  this  work  in  a  similar  way  to  which  it  is  con- 
ducted on  the  Rand— viz.,  by  equipping,  working, 
and  developing  a  mine  fairly,  with  an  ultimate  view 
of  purchasing  for  dotation 

It  is  well  known  thai  the  chief  objection  to  tribut- 
ing,  which  applies  equally  to  the  lessor  and  lessee,  is 
from  the  lessor's  point  of  view  that  the  worker  will 
pick  out  all  the  rich  patches,  do  nothing  towards  the 
upkeep  of  the  plant,  and  abandon  the  mine  at  his 
convenience.     The  lessee  also  knows  that  it  is  a  pro- 


ject of  great  uncertainty,  which  may  swallow  up  his 
small  capital  or  return  him  a  fair  income.  It  is 
against  tins  system  I  wish  to  write.  If  the  scheme 
were  placed  on  a  fair  business  footing,  and  it  was 
stipulated  that  a  certain  amount  of  developm en  1  he 
carried  out  ;  that  the  tributor  he  a  practical  man 
with  some  capital,  ami  that  he  he  held  responsible 
for  the  up-ktep  of  the  property,  both  the  surface 
machinery  and  the  underground  workings,  many 
small  capitalists  who  are  practical  men  might  he  in- 
duced to  invest  and  to  work  mines  which,  were  it 
not  for  their  efforts,  would  remain  idle  In  that  case 
the  directors  would  not  run  the  risk  of  making  a 
total  loss.  1  m t  would  have  prospects  of  making  some 
small  return  to  their  unfortunate  shareholders. 

This,  of  course,  means  that  careful  and  systematic 
inquiry  must  he  made  on  both  sides  before  any  agree- 
ment is  signed.  It  may  he  the  means  of  opening  up 
a  new  industry,  and  would,  one  imagines,  in  many 
cases  he  preferable  for  shareholders  to  wait  ing,  and  pay- 
ing claim  licences  foryeais,  with  no  ultimate  prospeel 
of  obtaining  fresh  capital  or  working  t  he  property. 

Now  one  may  well  ask,  how,  then,  does  a  tributor 
make  his  profit  if  the  companies  have  tried  and 
failed?  The  reply  would  he.  '  because  the  enormous 
outlay  required  for  the  purchase  of  claims  and 
machinery  and  expense  of  opening  up  the  mine  by 
shaft  sinking,  etc.,  which  seldom  amounts  to  less 
than  £100,000,  on  which  interest  has  to  be  paid,  is 
avoided.  Secondly,  though  his  running  expenses, 
as  shown,  are  practically  the  same,  he  requires  less 
profit  to  yield  him  a  handsome  return  on  this  system 
of  co-partnership.  Few  mines  have  less  capital  than 
£200,0(1(1;  on  this  sum  a  clear  return  of  £.1,(100  per 
annum  would  he  useless  for  the  payment  of  dividends, 
while  this  amount  divided  among,  say,  five  white 
men,  whose  floating  capital,  perhaps,  for  contingen- 
cies is  £1,000,  wolud  yield  a  handsome  return  for 
their  labour. 

If,  however,  claims  which  have  only  been  pro- 
spected are  pegged  and  worked,  the  reef  must  be 
correspondingly  richer  ami  wider,  to  allow  for  the 
increased  capital  outlay.  Prospects  similar  to  these 
are  heiiiL'  carried  out  and  worked  on  the  Rand 
successfully  to-day  ;  hut,  owing  to-  the  lack  of 
publicity,  the  industry  as  carried  on  in  this  direction 
is  severely  limited.  From  the  company's  point  of 
view,  this  system  means  that  the  machinery  is  kept 
in  repair  and  running  order,  as  also  is  1  he  mine.  The 
expense  of  a  caretaker  and  staff  is  saved,  and  there 
is  always  a  possibility  of  a  sale  of  their  assets,  or 
even  a  fresh  discovery. 

In  considering,  however,  any  proposition  with  a 
view  to  tributing,  the  live  leading  questions  may  he 
summed  up  as 

(1)  What  are  the  working  expenses  likely  to 
amount  to  ? 

(2)  What  amount  of  development  has  been  done"' 

(3)  What  is  the  water  supply  '.' 

(4)  What  do  the  reef  values  average  '.' 

(5)  Is  the  gold  free  or  refractory  ': 

If  these  are  satisfactorily  answered,  the  question  of 
investing  capital  in  the  venture  has  been  settled. 
Could  the  existing  tributors  only  he  induced  to  send 
in  a  record  of  their  working  expenses  they  would 
stand  to  lose  nothing  and  the  mining  world  would 
gain  much,  as  these  figures  would  then  form  a  basis 
from  which  would-be  investors  could  form  an  esti- 
mate: for  tributing  is  a  business  which  has  great 
potential  possibilities,  and  in  it  lies  a  remedy  for 
much  of  the  idleness  from  which  skilled  labour  is, 
for  various  reasons,  now  suffering."-  The  Minimi 
Journal,  June  5,  1909,  p.  G9o.     (C.B.  S.) 
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Reviews  and  New  Books. 

(We  shall  be  pie  ised  to  revii  w  any  Scientific  or  Tech- 
nical Work  sent  to  us  for  that  purpose.  J 


Joint  Report  on  the  Bituminous  of  OilShalks 
of  New  Brunswick  and  Nova  Scotia,  also  on 
the  Oil  Shale  Industry  of  Scotland.  Part  I  . 
Economics.  Part  II.,  Geology.  —  By  1!.  W. 
Ells,  L.L.D.  Canada,  Department  of  .Mine-. 
Nos.  55  and  1  107. 
This  report  is  an  account  of  work  undertaken  by 
the  Mines  Department  to  ascertain  the  economic 
value  of  ttie  known  deposits  of  oil  shales  in  the 
Counties  of  Albert  and  Westmorland,  New  Bruns. 
wick.  A  complete  test  on  50  tons  of  oil  shale  from 
the  former  county  being  carried  out  at  the  Pump- 
herston  Works  in  Scotland  The  results  of  this  test 
showed  that  the  oil  shales  were  very  satisfactory 
and  will  doubtless  be  worked  on  the  large  scale.  In 
addition  to  this  work,  which  is  strictly  of  local  value 
only,  the  report  includes  what  is  practically  an  up-to- 
date  description  of  the  <nl  -hah-  of  various  countries 
their  mining,  retorting,  and  distillation  This  will 
Vie  found  useful  in  many  respects  though  a  further 
treatment  of  many  oi  the  sections  would  have 
enormously  increased  its  utility  and  might  have 
proved  an  incentive  to  the  research.  Still  deemed 
by  the  author  to  he  necessarj  in  bringing  about  the 
"improvement  in  the  processes  and  wastes  "  which 
"slill  present  themselves "  (page  57)  We  should, 
however,  he  wanting  in  gratitude  if  we  did  not 
express,  our  thanks  to  the  author.-  for  the  glimpses 
given  to  us  of  a  large  modern  oil  shale  works  such 
as  the  celebrated  one  which  is  described,  and  more 
especially  tor  the  beautiful  reproducl  ions  of  the  plant 
in  ai-i  ual  use.      (J.  A.  W.  i 


Science  in  Modem  Life.  A  Survey  of  Scientific 
Development,  Discovery,  ami  Invention,  and  their 
relations  to  Human  Progress  and  Industry.  Prepared 
under  I  he  editorship  of  J.  R.  Ainsworth  Davis. 
Vol.  V.     4-to  .  pp   viii.  207.     Gresham  Publishing  Co. 

Lewis,  E.  T.  Quantitative  Analysis  Table  for  use 
on  the  bench  on  Four  Cards  -.  Varnished  with  Eyelet 
Hole-,    ahd     Rings,      Cambridge    University    Press. 

Net   •_'-.  (id. 

I'ernali,  II.  II..  Smith.  < '.  I  >. .  and  Grine,  II.  A. 
Incidental  problems  in  (las  Producer  Tests.  (U.S. 
Geological  Survey  Bulletin.)  Diagrams.  8vo.  sd., 
p  )»  29.     W.  Wesley.     Net  Is.  (id. 

Kelvin,  Lord.  Mathematical  and-Physiual  Papers. 
Vol.  IV.  Hydrodynamics  and  General  Dynamic-, 
sin.,  p.p.  580.     Cambridge  University  Press.     18s. 

Randall,  D.  and  Weeks.  ,\,      The  Smokeless  Con- 
bustion  Coal   in    Boiler  Plants.     With  a  Chapter  on 
Central    Heating   Plants,     il  .S.    Geological  Survey 
Bulletin.)      Engravings.       ^m>.,    sd.       II'.     M 
Net  -'-. 

Strong,  R.  M.  Commercial  Deductions  from  Com- 
parisons of  Gasoline  and  Alcohol  Tests  on  Internal 
Combustion  Engines.  (I  s.  Geological  Survey 
Bulletin.)   8vo.,  sd.,p.p.  38.    W.  Wesley.    N«tls.6d. 


Abstracts    of   Patent    Applications. 


(C.)      192/09       William    Philip.     Safetj    device   foi 

reversible  winding  and  hauling  plants.     20.4.09. 

This  application  is  for  a    device  i"  prevent   ovei 

winding  in   the  operations  of  winding  on  mines  bj 


means  of  mechanism  actuating  an   alarm  when  the 
reversing  gear  i-  in  i  he  wrong  position  for  starting  up. 

(C.)  127/10.  Edwin  Burt.  Process  of  nitration. 
24.3.10. 
This  application  refers  to  an  improveil  process  ;<u 
liltration  by  mean-  of  a  rotatahle  shell  lined  with 
suitable  filtering  medium.  The  shell  is  partly  filled 
with  the  pulp  to  lie  treated,  then  ftuther  pulp  is 
forced  in  against  the  pressure  of  the  imprisoned  air. 
By  this  means  the  slime  cake  formed  adheres  i 
to  the  filtered  surface  and  can  In-  easily  washed  or 
subjected  to  furthei  treatment  without  re-pulping. 

(C.)     361  "i'.».       I'' rank    <  India    (1),    Alfred    Adair    (2). 

Improvements  relating  lo  the  treatment   of  zinc 

solutions  for  the  recovery  of   metals   or   metal 

compounds  t hei eft om.     6.8.1  19. 

This  application  relates  to  the  treatment  if  zinc 

solutions  from  cyanide  works,  for  the  recovery  of  the 

contained  metals,  consisting  of — 

1.  Precipitation  of  coppei  and  g  ild  by  the  addition 
of  copper  and  iron  sulphates. 

•J.  Removal  ol  impurities  such  as  iron  manganese, 
by  adding  soda  carbonate  and  chloride  of  lime  and 
agitating  with  air. 

:;.  Recovery  of  the  zinc  by  precipitation  with  calcic 
hydrate,  -odium  sulphide  or  hypo  sulphite. 

((  .      330/09.     Hans   Charles    Behr.      Improvements 

in    pipes    for  conveying    corrosive    or    abrasive 

matter.      I">  7.09. 

This  application  refers  to  the  use  "i   earthenware 

or  similar  linings  for  pipes  conveying    abrasive   or 

corrosive  liquids,  and  show  >  -special  methods  of  fixing 

and  jointing  same  within  the  outei  pipes. 

346/09.  A.  -I.  Arbuckle.  Improvements 
relating  to  vats,  tanks  or  vessels  for  separating 
solids  from  liquids      24.7.09. 

This  patent  relate-  to  a  de\  ice  comprising  a  spiral 
blade,  -crew  or  worm  and  the  mean-  for  rotating  the 
same  within  a  mass  of  settled  material.  It  i> 
applicable  to  vats  oi  vessels  employed  foi  thickening 
ore  pulp  or  separating  ore  in  a  gronular  or  pulverulent 
condition  from  liquids. 

The  device  is  placed  near  the  outlet  of  the  vessel 
or  tank  (which  i-  represented  in  the  drawing  as  a 
conical  tank)  and  can  l>e  rotated  within  the  settled 
mass  of  solids  in  order  t<>  raise  or  lower  it  therein 
and  thus  increasing  or  diminishing  the  size  of  the 
passage  or  passages  for  the  solids.  Any  desired 
adjustment  can  he  made  while  the  apparatus  is  in 
operation. 

Selected  Transvaal  Patent  Applications. 


Relating   to  Chemistry,  Metallurgy    \\i> 

Minim.. 

Compiled  by  C.  H.  M.  KlSCH,   F.M.  Chart.  Inst.  P.  A. 
(London),  Johannesburg  (Menibei  |. 


|  N.B.—  I>i  tliis  list  (P)  means provisiona 
'inn.   mill  ((')  complete  specification.      The  number 
given  is  that  of  the  specification,  the  /<"«/«•  tlmt  oj  t)ic 
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(P.)  191  hi.  Arthur  Wilson  Ferus.  Improve 
mem.-  in  acetylene  gas  generators  and  lamps. 
27. 1,  in. 

I  P.  i  192  Hi.  da -  Chalmers  Johnstone.  Im- 
prove  nt-in   rollers  for  the  nnderlaj  ol   conveyor 

belts.     27.4.10. 
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(P..)     193/10.     Edward  Harker  Vintcent  Melvell. 

Instrument  for  surveying  and  like  purposes.  27.4. 10. 

(F.)  194/10.  Benjamin  Waites  ( 1 ),  George  RiCshie 
Lambie  (2),  Ivor  Howell  Williams  (3).  Impiovements 
in  means  for  grinding  or  reducing  ore  or  other 
material.     28.4.10. 

(P.)  195/10.  James  Oliver  Bartle  [mprovements 
in  or  relating  to  the  axles  and  bearings  of  trucks  and 
similar  vehicles.     28.4.10. 

(1*. )  L96/10.  Tullio  Bubola.  Improvements  in 
apparatus  for  electro-chemical  treatment  of  ores. 
28.4.10. 

(*')  197  10.  Luossavaara  Kuruuavaara  Aktiebolag 
(1),  Henry  Johan  Hjalmar  Nathorsl  (2),  Gothard 
Lundstrom  (3).  Improved  method  and  means  for 
forming  rock  and  like  drills.     28  4.10. 

(C.)  198/10.  Donald  Barns  Morison.  Impiove- 
ments in  or  relating  to  steam  engine  condensing  and 
vacuum  producing  apparatus.     2S. 4. 10. 

(P.)  199/10.  Alexander  McNamara.  Improve- 
ments in  or  relating  to  rotary  drilling  or  boring 
apparatus.     29.4.10. 

(I'.)  201/10.  John  Inshaw  Kodway  (1),  James 
Esson  (2).  Improvements  in  means  foi  automatically 
in  Hating  the  tyres  of  vehicle  wheels  while  in  motion. 
29.4. 10. 

(P.)  202/10.  Bertram  Gray.  Improvements  in 
pipe  finings      29.4.10. 

(P.)  203/10.  Thomas  McCraw.  Improvements 
in  tube  mill  linings.     30.4.10. 

(P.)  206/10.  J  A.  G.  Harrison.  Harrison's  slid- 
ing notch  sluice  gates.     3.5. 10. 

(P.)  20S/10.  John  Gaidner  (1),  George  Henry 
Nolan  (2).  An  improved  pump  valve  and  valve  seat- 
ing for  use  in  mines  and  other  works.     6.5.10. 

(P.)  209/10.  John  Johnstone.  Improvements  in 
apparatus  for  receiving  drills  and  issuing  tokens  and 
checks  against  delivery  thereof.     6.5.10. 

(P.)  210/10.  Albert  Holdsworth.  Improvements 
in  centrifugal  pumps.      0  5.10. 

(P.)  211/10.  ElishaTippell.  Improvements  in  or 
relating  to  rock  diilling  machines  for  removing  the 
detrious  or  cuttings  from  the  holes  formed  therewith 
6.5.10. 

(P.)  214/10.  John  van  Nostrand  Dorr.  Improve- 
ments in  decanting  apparatus.     6.5.10. 

(P.)  215/10.  Johann  Virch.  Improvements  in  or 
relating  to  the  construction  of  ceilings,  roofs,  walls, 
columns  and  i  he  like  of  concrete.     6.5.10. 

(P.)  216/10.  William  Charles  Stephens.  Improve- 
ments in  rock  drills.     6.5. 10. 

(P.)  252/10.  James  Edward  Thomas.  Improve- 
ments relating  to  feeding  means  fur  tube  mills  and 
like  grinding  apparatus.     1.6.10. 

(P.)  253/10.  William  Arthur  Caldecott.  Im- 
provements relating  to  candles.     1.6.10. 

(P.)  255/10.  Thomas  Henry  Chod  (1),  James 
Patrick  (2)  An  improvement  in  the  means  of  ignit- 
ing fuses  for  blastingand  analogous  purposes.   1.6.10. 

(P.)  256/10.  William  Berthelson.  An  improved 
pressure  cock  for  taking  on'  connections  lor  rock 
drills  and  the  like.     1.6.10. 

(P.)  257/10.  William  Beaver.  Improvements  in 
means  I'm  separating  the  fine  product  from  ores, 
particularly  applicable  for  conveyor  belts.     1.6.  lo. 

(C.)  258/10.  Ernest  Graham  Godfree.  Electro 
mechanical  selector.     2.6.10. 

(C.)  259/10.  Carl  Emil  Egner  (1),  Johan  Gunnar 
Holnistroom  (2).  Improvements  in  cooling  devices 
for  telephone  transmittors  for  strong  current.     3.6.10. 

(C.)  260/10.  John  Prue  Karns.  Improvements 
in  drilling  machines.     3.6.10. 


(C.)  261/10.  John  Prue  Karns.  Improvements 
in  cutter  heads  for  drilling  machines.     3.6.10. 

(P.)  262/10.  Archibald  Charles  Hughes.  Im- 
provements in  rock-drilling  machine  bits,  hand  drills 
and  the  like.     4.5.10. 

(P.)  263/10.  Wilmont  Elevin  Clark.  Improve- 
ments in  filtering  processes  and  apparatus.     4.6.10. 

(P.)  264/10.  Augustus  Carron.  Improvements 
in  the  treatment  of  wood,  canvas,  and  similar 
materials  to  lender  the  same  lire  resistant  and  water 
and  vermin  repellant.     4.6.10. 

(P.)  265/10.  Archibald  McArthur  Johnston. 
Combustible  composition  utilisable  for  fuse  lighting. 
7.6.10. 

(P.)  266/10.  William  Thomas.  Improvements 
in  linings  for  tube  mills  and  the  like.     8.6.10. 

(P.)  267/10.  David  Gilmour.  Improvements 
relating  to  the  linings  of  tube  mills.     8.6.10. 

(C.)  268/10.  Maurice  Brukner.  Improved  re- 
inforced concrete  railway  sleepers.     8.6.10. 

(P.)  269/10.  Herbert  Charles  Fisher  (1),  Alfred 
George  Newkey  Burden  (2).  Improvements  in  and 
appertaining  to  the  mortar  boxes  of  stamp  mills. 
8.6.10. 
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